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I. — A  Method  for  the  Direct  Production  of  Certain 
AminoazO' compounds. 

By  Raphael  Meldola,  F.R.S.,  and  Lewis  Eynon,  B.Sc.,  F.I.C. 

The  methods  at  present  known  for  producing  aminoazoKX>mpoundi>  of 
amines  and  phenols  are  the  following  : 

(1)  Intramolecular  rean-angement  of  diazoamines  (the  original 
method  of  Mene,  Martius,  and  Griess). 

(2)  The  reduction  of  /^niti-oazo  derivatives  of  amines  and  phenols 
by  alkaline  sulphides  (Meldola,  Trans.,  1883,  43,  425). 

(3)  The  combination  of  a  diazoti<ed  monoacetyl-diamiue  with  an 
amine  or  phenol  and  subsequent  hydrolysis  of  the  acetyl  derivative 
(Nietzki,  Ber,  18S4,  17,  343). 

(4)  The  application  of  Bamberger's  method — the  action  of  uitroso- 
benzene  on  amines — to  monoacetyl-diamines  followed  by  hydrolysis  of 
the  acetyl  derivative  (Mills,  Ti-ans.,  1895,  67,  928). 

(5)  The  alkaline  reuuction  of  nitroamiues  (Haarhaus,  Aanaltu, 
1865,  136,  164;  Mixter,  Amer.  Chem.  J.,  1883,  5,  283;  Nietzki, 
Ber.,  1884,  17,  345;  Graff.  Ann(de,i,  1885.  229,341;  Niilting  and 
Binder,  Ber.,  1887,  20,  3016  ;  Meldola  and  Andrews,  Trans.,  1896,  69, 
10  ;  Nolting  and  Fourneaux,  Ber.,  1897,  30,  2938). 

This  last  process,  which  has  been  made  the  subject  of  many  patents, 
is  especially  suitable  for  the  production  of  diaminoazo-compounds. 
VOL.   LXXXVll.  B 
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In  a  note  formerly  published  by  one  of  the  authors  and  W,  A. 
Williams  (Proc,  1899,  15,  196),  it  was  announced  that  ^>amino- 
benzeneazophenol  underwent  fission  in  the  presence  of  sodium  dichro- 
mate  and  sulphuric  acid  with  the  formation  of  benzoquinone  and  a 
diazo-chromate.  This  observation  was  originally  made  in  the  course 
of  experiments  having  for  their  object  the  preparation,  if  possible,  of 
azoquinones  of  the  type  : 

The  research  led  to  the  conclusion  that  such  compounds,  if  not  in- 
capable of  existence,  were  at  any  rate  not  formed  by  any  of  the 
methods  employed  by  us.  The  experiments  were,  however,  continued 
with  the  object  of  investigating  more  closely  the  crystalline  product  of 
fission  and  oxidation  obtained  as  above  described.  As  already  stated, 
this  proved  to  be  a  mixture  of  benzoquinone  and  a  diazo-(diazonium)- 
chromate,  the  remarkable  stability  of  the  latter  making  it  appear  a 
promising  subject  of  investigation.  The  results,  although  worked  out 
some  years  ago,  have  not  hitherto  been  made  known. 


Decomposition  of  p-Aminobenzeneazophenol. 

The  aminoazo-compound  or  its  sulphate  (Meldola  and  Williams,  loc. 
cit.)  is  suspended  in  dilute  sulphuric  acid,  and  to  the  well  cooled  solu- 
tion a  strong  solution  of  sodium  dichromate  is  added  drop  by  drop, 
until  a  distinct  orange  colour  indicates  the  presence  of  an  excess  of  the 
reagent.  The  sulphate  of  the  azo-base  at  first  dissolves,  and  after 
some  hours  yellow,  scaly  crystals  are  deposited.  It  is  best  to  keep 
the  beaker  containing  the  solution  in  melting  ice  during  the  oxidation, 
and  to  employ  a  cold  saturated  solution  of  sodium  dichromate.  The 
crystalline  deposit  is  collected,  washed  with  water,  and  finally  with 
alcohol  to  remove  quinoue.  When  dry,  the  diazonium  chromate  is  very 
stable  if  kept  in  the  dark.  On  exposure  to  light,  it  gradually  becomes 
brown.  The  salt  can  be  dis-solved  in  boiling  glacial  acetic  acid,  and 
the  solution,  when  rapidly  cooled,  deposits  the  unaltered  compound  in 
the  form  of  dense  orange  scales.  The  exploding  point  of  the  pure  salt  is 
144 — 148°;  the  explosion  is  not  particularly  violent,  and  is  followed 
by  a  cloud  of  woolly  chromium  sesquioxide. 

0'0969  gave  144  c.c.  moist  nitrogen  at  10-25°  and  758  1  mm.  N  =  17-71. 
0-1298    „     20-26  c.c.  „  „    18°        „    75!)7  mm.  N  =  17-99. 

0087G    „       00269  CrjO,.     Cr-210. 
0-1541     „       00324  Cr/V     CV- 20-99. 

NlIj-CoU^-Nj-liCrU^  requires  N  -  17-72,     Cr-  21-94  per  cent. 
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The  isolation  of  a  diazonium  salt  of  such  stability  from  an  aqueouH 
solution  appears  to  open  up  new  possibilities  with  respect  to  the  isola^ 
tion  of  these  hitherto  somewhat  unmanageable  compounds.  No  salt 
of  this  amino-diazonium  type  has,  so  far  as  we  know,  been  isolated  up 
to  the  present  time.  A  simple  diazonium  chromata,  namely,  that 
derived  from  aniline,  was  described  many  years  ago  by  Care  and 
Griess  (Bull.  Soc.  Chivi.,  1867,  [ii],  7,  270),  and  its  use  as  an  explosive 
patented  by  these  authors  in  France  (Fr.  Pat.  No.  73386). 

The  composition  of  the  salt  having  been  eistablished,  it  became 
obvious  that  a  more  direct  method  of  preparing  it  in  quantity  would 
be  to  start  from  diazotised  ^>phenylenediamine,  Griess  having  long  ago 
pointed  out  that  this  and  other  diamines  could  be  diaiotiaed  in  well- 
cooled  solutions  in  presence  of  a  large  exoeis  of  acid  (^r.,  1884,  17, 
607  ;  1886,  19,  319).  p-Phenylenediamine  sulphate  was  thus  found  by 
us  to  give  a  good  yield  of  the  above  ohrumate  when  suspended  in  an 
excess  of  dilute  sulphuric  acid,  diaxotised  with  the  calculated  quantity 
of  sodium  nitrite  in  the  usual  w*y,  and  then  precipitated  by  the  addi> 
tion  of  a  strong  solution  of  sodium  dichromate  to  the  ice-cold  solution 
of  the  diazonium  sulphate. 


FornicUioii  of  Amiiwazo-oompounds. 

Like  all  diazorium  salts,  the  foregoing  chromate  interacts  with 
amines  and  phenols,  so  that  a  direct  method  of  pi-oducing  aminoazo- 
compounds  has  now  become  possible,  and  may  be  added  to  the  list 
of  available  processes  given  above.  As  a  teat  case,  the  preparation  of 
the  j»-amiuobeuzeneazo-y3-naphthol  described  by  one  of  the  authors  in 
1885  (Meldola,  Trans.,  1885,  47,  663)  may  be  described.  This  com- 
pound was  originally  pi-epai-ed  by  combining  diazotised  />-nitroaniline 
with  ^-naphthol  in  alkaline  solution,  and  then  reducing  the  /nnitroazo- 
compound  with  ammonium  sulphide.  In  applying  the  present  method, 
the  solid  diazouiimi  chromate  is  simply  added  in  small  portions  to  a  solu- 
tion containing  the  calculated  quantity  of  /S-naphthol  dissolved  in 
dilute  sodium  hydroxide,  the  contents  of  the  vessel  in  which  the  mix- 
ture is  effected  being  briskly  agitated  after  each  addition.  The  amino- 
azo-compound  is  immediately  precipitated,  and  the  reaction  is  practically 
complete  when  the  whole  of  the  chi"omate  has  been  added.  The  com- 
pound formed  is  identical  with  that  described  in  1885.  As  this  com- 
pound does  not  possess  any  well  marked  specific  chai'acters,  it  was 
acetylated  by  heating  for  a  few  minutes  on  the  water-bath  with  an 
excess  of  acetic  anhydride.  The  acetyl  derivative  crystallises  fix>ia 
alcohol  in  bright  red  needles  melting  at  259 — 260°. 
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0-1707  gave  0-4395  CO2  and  0-0747  Kp.     C  =  70-42  ;  H  =  4-88. 
0-0670    „      7-75  c.c.  moist  nitrogen  at  13-8°  and772-2  mm.  N=  13-83. 
0-0948    „    10-95  c.c.         „         „  13-4°    „    766-3mm.  N  =  13-72. 

CgHaO-NH-CeH^-Ng-CioHe-OH   requires   C  =  7072  ;    H  =  4-92  ; 
N=  13-77  per  cent. 

The  same  acetylaminoazo-compound  is  formed  by  combining  diazo- 
ised  acetyl-jo-phenylenediamine  with  y8-naphthol  in  the  usual  way. 

The  precipitation  of  crystalline  chromates  from  solutions  of  more 
soluble  diazonium  salts  is  a  very  general  property  which  in  many  cases 
may  be  found  of  special  use,  since  no  method  for  the  direct  precipita- 
tion of  a  diazonium  salt  with  an  inorganic  acid  radicle  from  an 
aqueous  solution  has  hitherto  been  available  excepting  by  the  use  of 
the  costly  platinic  and  auric  chlorides.  The  salts  obtained  by  the 
present  method  are  directly  available  for  all  those  reactions  in  which 
the  presence  of  chromic  acid  is  not  prejudicial.  In  cases  where  the 
diazonium  salt  is  not  isolated,  but  combined  when  formed  in  aqueous 
solution  with  amines  or  phenols,  as  in  all  the  technical  processes  for 
producing  azo-colours,  the  chromates  obviously  offer  no  advantage. 
For  scientific  purposes,  however,  where  a  definite  quantity  of  a  di- 
azonium  salt  has  to  be  brought  into  reaction  with  some  other  compound, 
we  believe  that  the  chromates  will  be  found  to  be  very  suitable.  We 
have  made  preliminary  experiments  with  many  diazotisable  bases,  and 
with  few  exceptions  the  diazonium  chromates  are  all  distinctly  crystal- 
line salts  possessed  of  greater  or  lesser  stability.  Thus  the  diazon- 
ium chromates  of  p-aminophenol,  ju-nitroaniline,  m-nitroaniline,  jo-chloro- 
aniline,  ;;-bromoanilin6,  acetyl-p-phenylenediamine,  aminoazobenzene, 
benzidine,  tolidine,andtheethenyltriaminonaphthalenes(bothisomerides) 
have  all  been  isolated.  They  have  not  been  studied  in  detail  as  yet 
and  we  make  these  results  known  by  way  of  a  preliminary  communi- 
cation, as  some  of  these  salts  possess  properties  which  may  make  it 
worth  while  submitting  them  to  special  investigation.  Their  composi- 
tion appears  to  vary  according  to  the  nature  of  the  organic  radicle 
whi(rh  thoy  contnin.  Thus,  diazotised  jo-aminoi)hen()l  gives  a  crystalline 
salt  which  has  the  composition  of  a  normal  dichroiuate  : 

Calculated  for 
rHa*CeH/N,JjCr,p7.     Found. 

<'                       31-44  31-89 

H  2-18  2-50 

N  12-23  12'75 

Or 22-71  23-35 

The  exploding  point  of  tliis  Halt  when  pure  is  about  134°.     It  is  less 
Rtablo  than   fli"  cliroiriMlf  from   y>  phonylonediamino,  as  it  undergoes 
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decomposition  on  heating  in  glacial  acetic  acid  solution.  Some  of  the 
salts  derived  from  other'  baaes  gave  result^;  on  analysis  which  showed 
that  they  were  complex  chromates. 

The  salts  are  all  nioie  or  leas  explosive  when  dry,  and  we  think  it 
desir/ible  to  call  especial  attention  to  this  )x>int  in  order  that  caution 
may  be  exercised  by  those  who  prepare  them.  The  nitrodiazonium 
chromates  explode  with  very  great  Wolence.  None  of  the  salts  which 
we  have  tried  explode  by  percussion,  but  only  on  ignition.  It  ia  pOMible 
that  some  of  tliem  may  tind  technical  application  as  high  exploaives. 

City  and  Guilds  art  London  Tbchnical  Collkgk, 

PiNSBDRV. 


II. — The     Diazo-reaction    in    the    Diphenyl   Seines. 
Part    II.     Ethoxyhenzidine. 

By  John  Cannkll  Cain. 

In  an  investigation  on  the  action  of  heat  on  an  acid  solution  of  the 
diazonium  salts  derived  from  dianisidine  and  3  : 3'-dichlorobenzidine 
(Tians.,  1903,  83,  688),  it  was  shown  that  these  substances  behave 
very  differently  from  the  con-esponding  salts  derived  from  benzidine 
and  tolidine.  Whereas,  as  is  well  known,  the  diazonium  salts  prepared 
from  the  two  latter  bases  give  the  normal  diazo-reaction  and  yield  the 
corresponding  hydroxy-compounds  (diphenols)  on  boiling  with  dilute 
acid,  thus  : 

aH,-N.,-Cl   _^    9eH,-0H  ^^j  9,H,Me-Nj-Cl   _^    aH,Me-OH 
C^H^-Na'Cl  C^H,-OH  CeH^Me-N.-Cl  CjHjMe-OH ' 

the  yield  being  nearly  quantitative. 

A  very  different  i-eactiou  apparently  occurred  in  the  case  of  the 
former  pair  of  bases,  thus,  dianisidine  gave  no  trace  of  a  phenol  and 
dichlorobenzidine  yielded  only  a  very  slight  amount  of  the  dichlorodi- 
plient^l,  the  chief  products  being  probably  of  a  quinonoid  nature. 

The  introduction  of  a  methoxy-group  or  a  chlorine  atom  in  the 
ortho-position  to  the  amino-group  apparently  has  a  great  influence  in 
modifying  the  com-se  of  the  reaction,  and  it  was  obviously  of  much 
interest  to  investigate  the  mechanism  of  the  reaction  in  the  case  of  a 
similarly  mono-substituted  derivative.  A  difficulty  at  once,  however, 
presented  itself  in  that  no  chlorobenzidine  is  known,  and  methoxy- 
benzidine  is  not  readily  procurable.  The  corresponding  ethoxy- 
henzidine is,  however,  prepared  on  the  commercial  scale,  and  in  view 
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of  the  difficulty  of  prepai-ing  the  methoxy-derivative  it  was  thought 
that  an  investigation  carried  out  with  the  ethoxy-compound  would  be  of 
equal  value ;  and,  indeed,  the  interesting  results  obtained  have  confirmed 
this  anticipation. 

When  the  aqueous  solution  of  the  diazonium  salt  is  boiled  with 
dilute  sulphuric  acid,  or  when  a  current  of  steam  is  passed  through  its 
acid  solution  for  some  time,  nitrogen  is  evolved,  and,  on  cooling,  long, 
brown,  needle-shaped  crystals  separate  out.  After  drying,  these  were 
found  to  contain  sulphur  in  the  form  of  sulphuric  acid,  which  was 
easily  removed  by  treatment  with  sodium  carbonate,  the  substance 
being  therefore  a  salt  of  this  acid  with  some  base.  The  substance 
when  very  carefully  tested  for  nitrogen  by  the  sodium  method  gave  a 
negative  result,  but  on  making  a  nitrogen  determination  as  much  as 
8  per  cent,  was  found.  The  substance,  when  dissolved  in  water,  com- 
bined instantly  with  )3-naphthol,  forming  an  azo-colouring  matter,  and 
its  identification  as  a  diazonium  salt  was  thus  complete.  Analyses 
showed  that  one  of  the  diazonium  groups  of  the  original  tetrazo-salt  had 
remained  unattacked  by  boiling  with  dilute  acid,  whilst  the  other  had 
been  entirely  replaced  by  the  hydro xyl  group.  This  one  diazonium 
group  is  exceedingly  stable,  whereas  the  other  is  completely  decom- 
posed by  boiling  with  dilute  acid,  exactly  as  in  the  case  of  the 
diazonium  salt  from  benzidine.  The  question  at  once  arises  as  to 
which  diazonium  group  has  been  substituted  :  that  in  the  ethoxyphenyl 
ring  or  that  in  the  unsubstituted  nucleus.  Since  the  presence  of  the 
methoxy-group  in  the  ortho-position  with  respect  to  the  diazonium 
group  very  greatly  increases  the  stability  of  the  latter  (compare  Trans., 
1902,  81,  1438),  one  is  justified  in  concluding  that  in  the  case  of  the 
tetrazo-salt  from  ethoxy benzidine  it  is  the  diazonium  complex  next  to 
the  ethoxy-group  which  remains  unattacked  by  boiling  dilute  acid 
under  the  conditions  of  the  experiment.  It  should,  however,  be  men- 
tioned tliat  prolonged  boiling  for  many  hours  also  effects  the  decom- 
position of  this  group,  but  the  product  has  not  been  further  examined. 

The  formation  of  the  new  substance  may  therefore  be  expressed  as 
follows : 

_  -9^^  _  _9^^ 

IISO,-N<[^    V/    \n-HSO^  ->  H0<^    V<^    Nn-hso^. 

N     ~  N  •  ~    N 

This  is,  80  far  as  I  know,  the  first  example  of  a  substance  containing 
two  diazonium  groups  wliich  undergoes  such  a  change. 

The  diazonium  sulphate  is  exceedingly  stable,  for  when  dried  on  a 
porous  plate  it  may  l)e  preserved  either  in  a  desiccator  or  in  the  open 
air  for  m')uthH  without  undergoing  any  decomposition,  except  that  on 
exposure  to  the  liglit  it  becomes  sliglitly  dnrkcr  in  colour. 
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The  free  base  obtained  by  neutralisation  with  sodium  carbonate 
has  been  comVjined  with  different  acid»>,  the  salts  of  which  are  described 
in  the  sequel,  the  details  regarding  the  azo-derivatives  and  substitution 
products  being  reserved  for  a  future  communication. 


EXPEKIMBNTAL. 

i'-IIydroxyZ-ethoxydiplienyl-i-duizoniwn  SulpKaU. — ^The  ethoxy- 
benzidine  used  in  these  ex{)eriments  was  obtained  from  Messrs.  L. 
Cassella  and  Co.,  Frankfort,  and  the  author  wi.shes  to  express  his 
acknowledgment  of  the  kindness  of  this  firm  in  providing  him  with 
a  quantity  of  this  material. 

The  technical  product  is  purified  by  extraction  with  benzene,  the 
pure  ethoxybenzidine  being  obtainf<l  from  the  filtered  solution  on 
evaporation.  This  base  is  then  diazutit»ed  in  the  usual  way;  15  grams 
are  dissolved  in  hot  water,  acidified  with  40  c.c.  of  oonoeutrated  hydro- 
chloric acid,  the  solution  cooled  with  ice  to  b^,  and  an  aqueous  solution 
of  87  grams  of  sodium  nitrite  added.  The  ethoxybenzidine  is  thus 
completely  diazotised,  biith  amiuo-groupe  being  changed  into  diazonium 
groups.  The  diazo-solution  is  now  poured  into  a  mixture  of  60  c.c.  of 
sulphuric  acid  and  120  c.c.  of  water,  and  heated  to  Ijoiling,  either  over 
the  free  flame  or  by  the  iuti-oduction  of  a  current  of  steam,  until  the 
evolution  of  niti-ogen  has  ceased.  This  operation  may  take  half  an 
hour.  The  hot  solution  is  allowed  to  cool,  when  long,  needle-shaped 
crystals  separate  out,  which  are  colleotetl  and  driwl  on  a  porous  plate, 
the  yield  beiug  about  14  grams.  The  crystals  in  this  form  are  dark 
brown,  but  when  powdered  the  product  exhibits  an  orange-brown  tint. 

The  hot  solution  may  also  be  separated  with  common  salt  when  the 
diazonium  sulphate  is  precipitated  as  a  yellow  powder.  The  diazonium 
salt  thus  prepared  may  be  i-ecrystallised  from  boiling  dilute  sulphuric 
acid.  It  is  easily  soluble  in  water,  forming  a  pale  yellow  solution, 
which  combines  at  once  with  "  R  salt,"  forming  a  violet  azo^^mpound. 

When  dried  in  the  air  on  a  porous  plate,  the  sulphate  contains  two 
molecules  ot  water,  which  ai-e  eliminated  by  drying  in  a  desiccator 
over  sulphuric  acid ;  the  anhydrous  salt  is  thus  obtained  without  any 
change  of  colour  being  observed.  If,  however,  the  hydrated  salt  is 
dried  at  100^,  it  turns  green  and  undergoes  decomposition. 

0-2092  gave  03446  CO,  and  00927  H^O.     0  =  4493;  H  =  4  -92. 
0-2192     „     0-3620  CO,    „     0  0859  H,0.     C  =  45-03;  H  =  4-35. 
0-2051     „     0-12283  BaSO^.     S  =  8-22.' 
2-5  lost,  over  sulphuric  acid,  02692  HjO.     HjO=  10-77. 

Ci^Hi^OeN^,2H20  requires  0  =  4492  ;  H  =  4-81 ;  S-8-55  ; 
floO  =  9G  per  cent. 
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The  anhydrous  salt  gave  the  following  numbers  : 

0-2889  gave  0-5252  COg  and  0-1118  H^O.     G  =  49-58;  H  =  4-30. 
01963     „     0-13193  BaSO^.     S  =  9-23. 

0-2596     „      18-4  c.c.  nitrogen  at  15°  and  750  mm.     N  =  8-35. 
^uHiANgS  requires  C  =  49-70;  H  =  4-14;  S  =  9-46  ;  N  =  8-28  percent. 

Both  the  hydrated  and  anhydrous  salts  dissolved  easily  in  cold 
water,  giving  a  light  yellow  solution  which,  on  the  addition  of  aqueous 
sodium  carbonate,  yielded  a  lilac-coloured  precipitate,  this  being  soluble 
in  excess  of  alkali  to  form  a  blood-red  solution.  On  acidifying  with 
hydrochloric  acid,  the  lilac-coloured  compound  did  not  re-appear,  but  a 
green  precipitate  resulted  which  was  insoluble  in  excess  of  acid  and 
was  not  further  examined. 

The  lilac-coloured  precipitate  thus  obtained  is  the  free  diazoniura 
hydroxide,  HO-C^H4-C6H3(OEt)-N(OH):N,  or  possibly  its  anhydride, 

C,H,(OEtr 

This  substance  was  dried  over  sulphuric  acid,  but  a  subsequent 
analysis  showed  that  decomposition  had  taken  place.  For  the  pre- 
pai'ation  of  the  different  salts,  the  base  was  isolated  as  a  paste  and 
then  dissolved  in  the  hot  dilute  acid,  the  corresponding  salt  crystallis- 
ing out  on  cooling. 

The  diazonium  chlwide  crystallises  from  the  hot  solution  in  fine 
golden-brown  needles. 

0-1329  gave  0-2852  CO^  and  00563  HjO.     0  =  5853;  H-4-70. 

0-2030     „     0-10393  AgCl.     CI  =  12-66. 

0-1655     „      0-08653  AgCl.     01=12-93. 

Oi^HijOgNjCl  requires  0  -  60-78  ;  H  =  4-70  ;  01  =  12-80  per  cent. 

The  diazonium  bromide  crystallises  from  the  hot  solution  of  the  base 
in  dilute  hydiobromic  acid  in  fine  golden-yellow  needles.  After  drying 
over  sulphuric  acid,  the  salt  had  turned  brown  on  the  surface,  so  that 
the  rather  high  percentage  of  bromine  found  on  analysis  is  probably 
due  to  a  slight  decomposition. 

01946  gave  0-12123  AgBr,     Br-26-52. 

Cj^HjjOjNjBr  requires  Br=  2492  per  cent. 

The  diazonium  iodide  ia  a  dull  yellow  powder,  which  is  still  more 
nniitablo  than  the  bromide  and  must  be  prepared  without  the  aid 
of  heat  by  triturating  the  base  with  cold  hydriodic  acid.  After  drying 
in  a  desiccator,  the  salt  had  become  green  on  the  surface,  this  slight 
amount  of  docompoKitioti  accounting  for  the  high-  value  obtained  in 
the  iodine  eHtimutiuu. 
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01568  gave  0-10403  Agl.     I  =  3584. 

Cj^HjjOjN^I  requires  I  —  3448  per  cent. 

The  diazonium  nitrate  crystjiUises  from  the  hot  solution  in  clusters 
of  reddish-yellow  needles.  Like  the  sulphate  and  chloride,  it  is  fairly 
stable  and  remains  unchanged  in  the  desiccator. 

0-2162  gave  265  c.c.  nitrogen  at  20^  and  754  mm.     N  =  14*28. 
CiJIj30r,N,  refjuires  N  =  13-86  per  cent. 

The  platinichlor'ah  is  obtained  as  a  canary-yellow  precipitate  on 
adding  platinic  chloride  to  a  solution  of  the  diazonium  chloride. 

01 109  gave  00230  Pt.     Pt  =  20-74. 

(Ci^Hi20jN,).^,H.^PtClj  requires  Pt  =  21-90  per  cent. 


III. — The    Sulphate    and    the    Phosphate    of  the 
Dimercurammonium  Senes. 

By  Prafulla  Chandba  Ray. 

Thb  preparation  of  dimereiu-ammoniuui  nitrite,  NHg^O,,  having 
already  been  described  (Trans.,  1902,  81,  644),  it  occurred  to  me  that 
by  treating  this  compound  with  an  acid,  the  NOjj  group  would  be 
destroyed  and  the  cori-esponding  salt  of  the  reacting  acid  would  be 
formed.  It  was,  however,  found  that  a  halogen  acid  completely  breaks 
up  the  molecular  structui-e,  giving  rise  to  double  salts  of  the  type 
2NHgpC,NH^X,  where  X  represents  a  halogen  atom;  but  on  sub- 
stituting nitric  acid  for  the  halogen  acid,  the  nitrate  of  the  series  was 
readily  obtained  {Zeit.  anorg.  Chem.,  1902,  33,  209).  It  therefore 
seeme<.l  probable  that  an  oxy-acid  would  behave  differently  from  a 
halogen  acid. 

Acting  on  this  hint,  I  have  lately  treated  dimei-curammonium 
nitrite  with  sulphuric  and  phosphoric  acids  respectively,  and  have 
succeeded  in  preparing  the  corresponding  salts. 

The  Sulphate. — Dimei-curammonium  nitrite  is  gently  heated  to  boiling 
for  some  time  with  dilute  sulphuric  acid,  when  nitrous  fumes  are  liberated. 
As  both  the  parent  substance  and  its  derivatives  are  insoluble,  pro- 
longed digestion  is  necessary  before  the  NOj  group  is  completely 
removed.  A  white,  bulky,  crystalline  powder  is  obtained,  which  is 
washed  free  from  the  adhering  mother  liquor  and  dried  in  the  steam- 
oven.  The  sulphate  thus  prepared  is  soluble  in  hydi-ochloric  acid  and 
conforms  to  the  formula  (NHg2)2SO^,H.p. 
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Found. 

, ' , 

Calculated.  I.  11. 

Hg 84-92  84-00  — 

N    2-97  3-26  — 

SO4 10-19  10-96  10-21 

HgO    1-92  —  — 

The  foregoing  analyses  were  made  with  different  preparations.  The 
salt  gives  off  moisture  when  heated  in  a  bulb  tube. 

The  Phosphate. — This  salt  is  prepared  in  much  the  same  way  as  the 
sulphate  ;  it  is  only  necessary  to  lay  stress  on  the  fact  that  as  phosphoric 
acid  attacks  the  NOg  group  much  more  slowly  than  sulphuric  acid, 
continued  digestion  at  50 — ^60°  for  2  to  3  days  has  been  found  to  be 
necessary. 

The  salt  is  obtained  as  a  white,  crystalline  powder,  which  is  washed 

and  dried  just  as  in  the  case  of    the  sulphate  ;    it  has  the  formula 

NHggjHgPO^.    The  analyses  given  below  were  made  with  three  distinct 

preparations. 

Found. 

, * , 

Calculated.  I.  II.  III. 

Hg  78-30         78-54        77-4         78-07 

N 2-74  2-00         —  — 

P 6-07  6-44  6-33         — 

It  has  all  along  been  pointed  out  that  when  mercury  is  directly 
attached  to  the  nitrogen  atom,  a  more  stable  compound  is  formed  than 
when  it  is  linked  to  nitrogen  through  the  intermediary  of  an  oxygen 
atom,  and  this  is  strikingly  shown  in  the  behaviour  of  sodium  sulphate 
towards  mercuric  nitrite  and  nitrate  respectively  (Trans.,  1897,  71, 
1103).  It  is  also  well  known  that  a  haloid  of  mercury  is  attacked 
by  sulphuric  acid  with  considerable  difficulty.  The  "  niti-onic "  or 
haloid  constitution  of  the  salts  in  both  cases  goes  to  account  for  this 
resistance  of  the  SO^  ion.  In  the  dimercurammonium  complex,  NHgg, 
also,  owing  to  the  nitrogen  atom  being  directly  related  to  the  mercury 
atoms,  the  molecular  structure  remains  unaffected  when  the  salt  is 
subjected  to  the  action  of  an  oxy-acid,  but  at  once  succumbs  to  the 
attack  of  a  halogen  acid. 

It  is  also  of  interest  to  note  that  whilst  both  the  liydrogen  atoms  of 
Hulphtu-ic  acid  are  replaced  by  the  group  NHg,^,  only  one  atom  of  the 
tribasic  phoHphoric  acid  is  similarly  affected.  This  is  what  might 
have  been  expected,  considering  that  in  ordinary  circumstances  even  a 
strong  base  like  caustic  soda  can  only  yield  the  disodium  phosphate. 

The  Davy-Faiuday  Kemkauch  Larohatuuv, 
TiiK  UoYAi,  iNMTnrrioN. 
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IV. — The  Viscosity  of  Liquid  Mixtures.     Part  II. 

By  Albert  Ebnbst  Dunstan,  B.Sc. 

In  Part  I  of  this  investigation  (Trans.,  1904, 86,  817,  and  Zeit.  pkytid. 
Cheiii.,  1904,  49,  590),  I  gave  an  account  of  the  variation  of  absohite  vis- 
cosity with  coneeutratiou  in  the  cases  of  the  following  pairs  of  liquids  : 
1,  benzene — ethyl  acetate ;  2,  ethyl  alcohol — carbon  disulphide  ;  3,  mer- 
captan — ethyl  alcohol ;  4,  acetone — ethyl  alcohol ;  5,  benzene — ethyl 
alcohol;  6,  ben/aldehyde— ethyl  alcohol ;  7,  ethyl  alcohol — water;  8, 
methyl  alcohol — water  ;  and  9,  acetic  acid — wat<?r.  The  curves  thus 
obtained  could  be  divided  into  three  classes  :  1,  sagged  curves,  approxi- 
mating to  the  normal  (Nos.  1,  2,  3,  and  4) ;  2,  curves  showing  minimal 
values  of  viscosity  (Nos.  5  and  6),  and  3,  curves  giving  one  or  more 
maximal  values  of  viscosity  (Nos.  7,  8,  and  9). 

Based  on  the  fact  that  hydroxylatcd,  associated  liquids  such  as 
water  and  the  alcohols  have  a  relatively  high  value  of  viscosity,  the 
conclusion  was  deduced  that  a  maximum  point  in  a  viscosity-conceu- 
ti'ation  curve  meant  further  association  {>roceeding  in  the  components, 
whilst  the  existence  of  a  minimum  point  j)ointc<l  to  the  oj»posite  view, 
namely,  that  .some  dissociation  had  resulted.  Further  exj>eriments  bear 
out  the  conclusion  arrived  at  in  the  former  paper. 

The  apparatus  lias  been  moditied  in  various  ways  with  the  result  that 
a  higher  degree  of  accuracy  has  been  attained.  A  large  copper  rect- 
angular tank  provided  with  windows  is  used  as  the  bath.  The  viscometers 
are  much  larger  and  ai*e  employed  in  duplicate,  one  for  mixtui*es  of  high, 
and  the  other  for  those  of  low  viscosity.  Larger  specific  gravity  tubes 
have  been  employed,  having  a  capacity  of  10  c.c.  The  liquids  u.sed, 
which  were  obtained  from  Kahlbauui,  have  been  carefully  rectified  and 
fractionated,  and  the  components  of  the  various  mixtures  have  been 
weighed  out  to  the  milligram. 

Experimental. 
1.  Allyl  Alcohol  (sp.  gr.  0-8500  at  2570°)  and  Water. 

The  curve  afforded  by  this  pair  of  liquids  is  of  precisely  the  same 
form  as  was  given  by  ethyl  alcohol — ^water  and  methyl  alcohol — water. 
There  is  a  very  well-marked  maximum  at  51 — 52  per  cent,  of  allyl 
alcohol  corresponding  with  1  allyl  alcohol,  3  water ;  at  this  point,  the 
viscosity  of  the  mixture  is  001 895,  or  about  twice  that  of  water.  It 
is  somewhat  remarkable  that,  in  the  two  cases  just  quoted,  there  are 
also  maxima  at  1  alcohol,  3  water. 

There  is  also  a  distinct  indication  of  a  discontinuity  at  40  per  cent. 
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of  allyl  alcohol ;   at  this  concentration,  the  molecular  proportions  are 
1  allyl  alcohol,  5  water. 


Allyl  alcoliol. 

Allyl  alcoliol. 

%• 

V- 

%• 

V- 

0-0 

0-00891 

47-31 

0-01887 

100  0 

0-01232 

47-82 

0-01891 

14-06 

0-01349 

48-56 

0-01892 

25-98 

0-01682 

56-63 

0-01891 

33-70 

0-01789 

65-00 

0-01796 

35-53 

0-01834 

69-56 

0-01750 

36-53 

0-01846 

83-20 

0-01537 

45-21 

0-01888 

46-88 

0-01895 

2.  xi-Propijl  Alcohol  (sp.  gr.  0-8009  at  2574^)  and   Water. 

Again,  as  in  previous  cases  of  alcoholic  solution  in  water,  a  very 
great   rise   in   viscosity  takes   place  on  mixing  the  components.     A 


Fig.  1. 


90      100 


Percentoifr  cnmpo»itiov. 


clearly   marked    maximum   occurs   at    01 — 62  per   cent,   of   j<-})ropyl 
alcohol,  corroK|K)n<lin^'  with  1  propyl  iilcohol,  2  water. 

At  thi»  point,  tlic  viacoHity  of  the  uiixturo  is  0-()272r),  which  is  not 


DUNSTAN:   THE   VISCOSITY   OF   LIQUID   MIXTURES.      PART    II.      13 

go  far  removed  from  that  of  the  alcohol  as  appears  from  the  curves  for 
methyl  and  ethyl  alcohols. 

The  viscosities  of  methyl,  ethyl,  and  propyl  alcohols  are  0'005564, 
001113,  and  001962  respectively,  whereas  the  maximum  values  for 
the  corresponding  mixtures  in  water  are  001600,  0  02368,  and 
002725. 
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3.  Glycoi  (sp.  gr.  1-1110  at  2570°)  and  Water. 

Conti*ary  to  expectiition,  this  mixture  did  not  provide  a  carve 
which  agreed  with  those  afforded  by  other  hydroxylated  compounds 
in  aqueous  solutions.  A  few  preliminary  experiments  with  glycerol 
also  gave  negative  results  and  were  abandoned.  Graham  in  his 
classical  paper  on  viscosity  found  a  similar  occurrence  with  glycerol 
(compare  Trans.,  loc.  cit.).  So  far  from  further  association  taking 
place,  the  reverse  is  indicated.  It  is  quite  possible  that  this  substance, 
being  already  gi-eatly  associated  in  consequence  of  its  two  hydroxyl 
groups  (as  is  shown  by  its  very  high  coetficient  of  viscosity),  is  broken 
down  by  the  water  into  simpler  complexes.  It  would,  therefore,  be 
interesting  to  ascertain  the  magnitude  of  its  "  molecular  weight " 
at  varying  concentration,  using  the  depi-ession  of  freezing  point  of 
the  aqueous  solutions. 
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The  greatest  divergence  from  the  normal  occurs  at  about   64 
cent,  of  glycol,  this  point  corresponding  with  1  glycol,  2  water. 


per 
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4.    Lactic  Acid  (sp.  gr.  1  '2060  at  2574°)  and  Water. 

This  hydroxy-acid  has  a  different  behaviour  from  that  of  acetic  acid. 
No  maximum  point  is  observed,  whereas  that  of  acetic  acid  is  markedly 


Fig.  2. 
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prominent.  On  the  contrary,  a  very  sagged  curve  is  obtained,  giving 
a  iimxiinal  divorgonce  with  aV)out  70  per  cent,  of  lactic  acid,  corre- 
sponding with  1  lactic  acid,  2  water. 

Again,  it  seems  probable  that  this  very  viscous,  dihydroxylated 
HubHtnnco  breaks  down  in  the  jjresence  of  water  to  a  simpler  com- 
plex, us  was  noticed  in  the  case  of  glycol  and  glycerol. 
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Lactic  acid. 
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5.  Benzene  and  Acetic  Aeid  (sp.  gr.  08738  and   1047  »t  25'/4'» 

respectively). 

Considering  the  fact  that  acetic  acid  in  benxene  solution  givos 
abnormal  results  for  the  depression  of  freezing  point,  leading  to  the 
supposition  that  it  contains  double  molecules,  it  seemed  of  interest  to 
study  the  behaviour  of  mixtures  of  these  substances  from  the  stand- 
point of  viscosity,  particularly  as  mixtures  of  benzene  and  ethyl 
alcohol  afford  a  minimum  point  (Trans.,  loe.  eit.). 

A  specimen  of  pure  acetic  acid  had  been  previously  obtained  by 
freezing  out  some  of  Kahlbaum's  acid.  This  boiled  at  117-8*'/752  mm., 
and  by  the  freezing  point  method  was  found  to  contain  99*9  per  cent. 
of  acetic  acid.  It  was  thought  that  this  very  small  trace  of  impurity 
would  not  affect  the  results  to  any  appreciable  extent. 

The  benzene  used  was  supplied  by  Merck ;  it  was  distilled  over 
sodium  and  boiled  entirely  between  80°  and  81°.  Alteriiate  readings 
from  two  stop-watches  were  taken  in  all  the  following  experiments, 
and  they  have  been  found  to  agree  to  a  very  satisfactory  extent.  The 
time  of  flow  for  benrene  is  only  3'25",  so  that  an  accuracy  great«r 
than  1  in  the  third  place  of  decimals  is  scarcely  attainable. 

A  distinct  minimum  was  obtained  at  89  per  cent,  of  benzene  corre- 
sponding with  5  benzene,  1  acetic  acid.  This  minimal  value  is  2  per 
cent,  below  that  for  acetic  acid  and  seems  to  indicate  a  certain  amount 
of  dissociation.  By  the  freezing  point  method,  a  distinct  tendency  is 
shown  for  the  formation  of  complex  molecules  (compare  Walker,  Intro- 
duction to  Physical  Chemistry,  p.  204). 


Grams    of    acetic    acid    iu 

100  grains  of  benzene 0-465         1-195        2-321         4470        8-159 

Molecular  weight  110  115  117  122  1'29 

It  is  not  known,  however,  what  is  the  molecular  complexity  of  pure 
acetic  acid  in  the  liquid  condition  and  at  the  ordinary  temperature. 
It  is  quite  possible,  however,  that  its  complexity  is  greater  than 
2C2H4O.2,  for  instance,  so  that  although  iu  dilute  solution  in  benzene 
it  is  approximately  bimolecular,  yet  this  condition  may  i-esult  from  the 
bi-eakiug  down  of  a  more  complex  molecule. 
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6.  Benze.ne  and  n-Propi/l  Alcohol  (sp.  gr.  0-8728  and  0-8009  at  2574° 

respectively). 

The  foregoing  result  with  benzene  and  acetic  acid  and  the  previous 
case  of  benzene  and  ethyl  alcohol  made  it  of  interest  to  investigate 
other  benzene  solutions.  Although  with  benzene  and  w-propyl  alcohol 
the  minimum  is  not  so  well  marked,  it  clearly  exists,  being  about 
1  per  cent,  below  the  value  for  benzene.  It  occvirs  at  95  per  cent,  of 
benzene,  corresponding  with  12  benzene,  1  propyl  alcohol. 


n- Propyl  alcohol. 

71- Propyl  alcohol. 
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Preliminary  experiments  with  mixtures  of  benzene  and  methyl 
alcohol  gave  similar  results. 

Summary. 

Hydroxylated  compounds  give  abnormal  results,  but,  in  the  case  of 
polyhydroxylated  liquids  this  abnormality  does  not  exist,  probably 
because  of  the  large  degree  of  association  originally  existing  in  such 
substances.  Discontinuities  in  the  curves  locate  themselves  at  or  near 
points  of  definite  molecular  composition,  and  this  occurs  so  frequently 
that  one  is  compelled  to  recognise  the  existence  in  solution  of  mole- 
cular aggregates  such  as  1  ethyl  alcohol,  3  water. 

On  the  other  hand,  abnormalities  occur  when  hydroxylated  substances 
are  dissolved  in  benzene,  but  here  they  are  opposite  in  nature, 
minimum  points  being  obtained,  a  fact  whicli  indicates  that  the  mole- 
cular complexes  are  disturbed  in  this  solvent,  although,  in  the  case  of 
organic  acid,  the  solute  is  not  broken  down  to.  the  monomolecular 
condition. 

At  present  there  is  no  well-defined  molecular  constant  of  viscosity, 
owing  perhaps  to  tlio  large  variation  of  viscosity  witli  temperature  and 
the  difficulties  of  finding  corresponding  temperatures,  and  consequently 
it  is  not  possible  to  find  the  molecular  condition  of  a  li(iuid  by  deter- 
mining itH  coefficient  of  viscosity,  but  from  a  (jualitative  point  of  view 
it   \H  obvious   that  asrtociatyd  substances  are  more  viscous  than   mono- 
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molecular  substances.  That  there  is  a  distinct  diflFerence  between  the 
two  classes  of  substances  may  be  seen  from  the  following  table,  which 
gives  the  quotient  of  molecular  volume  by  viscosity  for  the  different 
compounds : 

Et^yl'^-^^t'^t^ 'fJ2]     Mono- 

Benzeiio ^^'^^^Vmolecular 

Carbon  disulphidc.  16600  j    i:_,,:,i^ 

Ethyl  mevcaptau  ...  35400j    "4"««»- 


Taking  into  account  the  foregoing  consideration,  it  is  quit^  clear  that 
(with  the  exception  of  acetone)  the  associated  liquids  stand  in  a  class 
by  themselves  (compare  Thorpe  and  Rodger,  J.  Phil.  Tramt.,  1894,  II., 
A.  185). 

The  author  intends  to  extend  this  research  to  other  hydroxylated 
compounds. 

Owen's  School, 

Islington,  N. 


Methyl  al.  ohol 
Ethyl 

T-240\ 

;  •■:0 

Wat*r 

-Mj.) 

,  Associated 

beiizaldehyJt;   .. 

.     6640 1 

litjuids. 

Acetone 

234001 

Acc'tic  at!  I 

s-ro-' 

V. — The  Combination  of  Mercaptans  with  Olefinic 
Ketonic  Compounds. 

By  SlEOFBIEl)  KUHEMAMN. 

Since  Baumann  cjirried  out  his  important  researches  on  the  luer- 
captoles,  it  has  been  Posiur  especially  who  has  studied  the  interaction 
of  mercaptans  with  ketones  and  has  applied  it  to  oletinic  ketones  {-Her., 
1901,34,  1395;  1902,  35,799;  1904,  37,  502).  His  experiments 
led  to  the  result  that  mercaptans,  besides  condensing  with  the  ketonic 
group  of  the  mono-olefinic  ketones,  also  became  attached  to  the  ethylene 
linking,  and  thus  yielded  trithio-compound-i,  fc^r  instance  : 

CjHj-CHICH-CO-CHj  +  SCsHn'SH  = 

CfiHj,-CH(S-C5H,i)-CH,-C(S-C5Hii),-CH,. 

He  arrived,  however,  at  the  conclus^ion  that,  although  the  mercaptans 
united  by  addition  with  all  the  mouo-oletinic  ketones,  the  tendency  of 
the  mercaptole  reaction  to  take  place  was  diminished  if  the  ketonic 
group  was  adjacent  to  the  ethylenic  linking.  This  inhibiting  influence 
of  the  ethylenic  linking  he  found  to  increase  with  the  accumulation  of 
alkyl  groups,  especially  of  phenyl  radicles  in  the  olefinic  ketone.  Thus, 
benzylidenedeoxybenzoin,  CgHj-CH.'C(CgH5)*CO-CgH5,  he  showed,  did 
not  form  a  mei-captole,  the  mercaptans  simply  combining  additively  at 
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the  ethylenic  linking.    Posner  further  stated  that  diolefinic  ketones  of 

I .  I  II. 

the  type  C.C'CO'CIC  yielded  additive  products  with  2  molecules  of  the 

mercaptans ;    sometimes,  however,  along  with    the    additive  change, 

the  mercaptole  reaction  took  place,  but  the  tetrathio-compounds  thus 

formed   on   oxidation    were   transformed   into   ketodisulphones.     His 

I    I    I    I 
experiments  on  diolefinic  ketones  containing  the  grouping  C!C'CIC*CO- 

led  him  to  the  view  that  they  do  not  form  mercaptoles,  but  additive 
products  with  2  molecules  of  mercaptans. 

To  bring  about  the  action  of  mercaptans  on  the  olefi.nic  ketones, 
Posner  either  used  hydrogen  chloride  alone  or  employed  this  agent 
together  with  zinc  chloride  in  order  to  facilitate  the  condensation  of 
the  mercaptans  with  the  ketonic  group.  "With  the  view  of  preventing 
the  mercaptans  from  reacting  with  the  ketonic  group  and  to  effect  only 
the  combination  of  the  mercaptans  with  the  olefinic  ketone,  I  have 
chosen  bases  as  catalytic  agents  instead  of  hydrogen  chloride.  In  my 
first  experiments,  sodium  ethoxide  was  employed,  but  I  have  found 
since  that  piperidine  acts  more  promptly  ;  the  reaction  takes  place 
with  development  of  heat,  yielding  additive  products  only.  These 
substances  do  not  give  a  coloration  with  ferric  chloride,  they  dissolve 
in  cold  concentrated  sulphuric  acid,  forming  yellow  or  orange  solutions. 
On    applying    this    reaction    to    a    diolefinic    ketone    of    the    type 

T  A.'  'I 

I :  Y'C'CO'CIC,  namely,  dibenzylideneacetone,  I  find  that  either  1  or 
2  molecules  of  a  mercaptan  may  become  attached.  "With  regard  to 
the    action    of    mercaptans    on   diolefinic   ketones   of   the   type  II  : 

i,   I    I    1  . 

vIC'C'C'CO-,  I  arrive,  however,  at  a  result  which  differs  from  that 

which  Posner  has  obtained.  As  mentioned  before,  he  found  that 
cinnamylideneacetone  as  well  as  cinnamylideneacetophenone  under  the 
influence  of  hydrogen  chloride  takes  up  2  molecules  of  a  mercaptan, 
whilst  I  find  that,  on  using  piperidine  as  catalytic  agent,  cinnamyl- 
ideneacetophenone, an  example  of  the  type  of  ketones  hitherto 
examined  by  me,  united  with  1  molecule  only  of  either  phenyl  or 
t«oamyl  mercaptan.  It  would  therefore  seem  that  the  additive  action 
of  mercaptans  on  cinnamylideneacetophenone  and  olefinic  ketones  of 
similar  constitution  varies  according  as  hydrogen  chloride  or  piperidine 
is  used  as  tnitalytic  agent.  I  may,  iiowover,  point  out  that  if  Posner's 
results  are  correct,  tlie  action  of  moi-c^aptans  would  dilVor  most 
markedly  from  the  behaviour  of  other  compounds  towards  olefinic 
ketones,  Knoevenagol  {Jkr.,  1901,  37,  40.^H),  for  instaiico,  has  lately 
shown  that  although  <liolonnic  ketones  with  tlio  grouping  J,  on  treat- 
ment with  potassium  hydrogen  sulphite,  yield  bishydrosulphonic  acids, 
those   of   type    II  unite   with   1  molecule  of  the   iiydrogen  sulphite 
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only.  But  the  following  fact  induces  me  to  doubt  the  correetneM  of 
Posner'fi  results.  With  one  exception,  he  records  only  the  &naljie« 
iiiul  properties  of  dinulphones  which  he  obtained  by  the  oxidation  of 
the  products  of  tlie  union  of  mercaptans  with  cinnamylideneacetone 
and  ciunainylideneacotophenone  respectively.  The  additive  compound 
(leBcribed  by  him  {Ber.,  1904,  37,  510)  is  the  subatanee  which  be  pre- 
pared from  cinuamylideneacetophenone  and  phenyl  mercaptan,  and 
from  tlio  estimation  of  sulphur  he  concludes  that  it  bait  the  formula 
CaH,'CH(S-C«H5)-CHj-CH(S-C^H5)-CH/CO-0,Hj.  The  melting  point 
(102°)  of  this  subhtaDce,  however,  closely  agrees  with  103 — 104^  which 
I  find  to  be  the  melting  point  of  the  product  of  the  reaction  of  piperi- 
dine  on  the  mixture  of  the  ketone  and  the  mercaptan.  I  have  proved 
that  the  formula  for  this  product  is 

CaH5CH:CHCH(8C,H5)CH,-CO-0,Hj. 
and,  moreover,  having  repeated  Posner's  experiment,  I  have  aaoertained 
that  the  compounds  obtaineil  by  the  two  methods  are  identical. 

The  constitution  of  the  substance  which  is  formed  from  citinamyl- 
ideneacetophenone  and  phenyl  mercaptan  may  be  ezpreaaed  either  by 
the  formula  : 

I.  CjH5-ch:chch^8u^h,)-ch^-co-C4H4, 

or,  in  the  light  of  Thiele's  hypothesis,  it  may  be  formulated  as  follnw^  • 

II.  OaHj-CH(S-0,H5)-CH:CH-CH3-CX)-CeH4. 

I  am,  however,  inclined  to  attribute  to  it  the  former  formula,  and  the 
analogous  constitution  to  the  substance  which  I  have  obtained  from 
cinnamylideneacetophenone  and  t^oamyl  mercaptan,  because  both 
additive  compound;-  dissolve  in  cold  concentrated  sulphuric  acid,  yield- 
ing a  deep  red  solution,  as  do  the  diolefinic  ketone  itself  and  cinn- 
amylidenemalonic  acid  and  cinnamylideneacetylacetone. 

Finally,  it  may  be  mentioned  that  the  olefinic  ketones  seem  to 
react  not  only  with  mercaptans,  but  also  with  hydrogen  sulphide.  As 
yet,  I  have  examined  only  the  behaviour  of  this  gas  towards  benzyl- 
ideueacetylacetone  in  the  presence  of  sodium  ethoxide,  and  have 
found  that  thiobenzaldehyde  is  produced.  Its  formation  is  most  likely 
the  result  of  the  decomposition  of  the  first  formed  additive  product, 
and  takes  place  thus  :  CjH5-CH(SH)-CH(CO-CH3),  =  CaH5-CHS-f- 
CHjCCO'CHj).,.  This  reaction,  therefore,  resembles  the  transforma- 
tion of  the  additive  products  of  olefinic  ketones  with  primary  organic 
bases  (Ruhemann  and  Watson,  Trans.,  1904,  85,  1170). 
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Experimental. 

Action    of  Mercajytans    07i   Mono-olef inic   Ke tonic 
Co  inj)ounds. 

Phenylth%olhenzylacetone,OQ'a^'OB.{^'G^^^)'{i¥i^'QO-Q^y 

Benzylideneacetone  (2 "6  grams)  dissolves  in  slightly  warm  phenyl 
mercaptan  (2  grams).  On  adding  2 — 3  drops  of  piperidine  to  the 
solution,  it  becomes  hot,  and  in  a  short  time  sets  to  a  hard  solid. 
This  is  sparingly  soluble  in  light  petroleum  (b.  p.  50 — 60°)  and  crys- 
tallises from  its  solution  in  dilute  alcohol  in  colourless  needles 
which  melt  at  58—59°. 

0-2018  gave  05545  CO.^  and  01 155  H2O.     0  =  74-93;  H  =  635. 
OigHjgOS  requires  0  =  75-00  ;  H  =  6-25  per  cent. 

This  substance  dissolves  in  cold  concentrated  sulphuric  acid,  yielding 
a  green  solution  with  a  red  fluorescence,  but  the  colour  slowly  changes 
to  red. 

Ethyl  Phenylthiolbenzylacetoacetate, 
CgH5-CH(S-06H6)-OH(00-OH3)-C02'C2H5. 

The  union  of  phenyl  mercaptan  with  ethyl  benzylideneacetoacetate 
lias  been  brought  about  by  means  of  a  small  quantity  of  an  alcoholic 
solution  of  sodium  ethoxide.  When  this  is  added  to  the  mixture  of 
the  mercaptan  (2  grams)  and  the  freshly  distilled  ketonic  ester 
(4  grams),  the  reaction  tsikes  place  with  development  of  heat,  and, 
when  cold,  the  whole  solidifies.  The  substance  readily  dissolves  in 
alcohol,  chloroform,  ether,  or  carbon  disulphide,  with  difficulty,  how- 
ever, in  light  petroleum,  and  crystallises  from  this  solution  in  colour- 
less needles  which  melt  at  72 — 73". 

0-2025  gave  0  5 165  00.^  and  01146  H^O.     0  =  6956;  H  =  6'28. 
UipHjoOgS  requires  0=»  69*51  ;  H  =  6-10  per  cent. 

The  solution  of  this  compound  .in  cold  concentrated  sulphuric  acid 
is  orange. 

Ethylthidbemylaoetylaceiom,  CjHf,- OH(S-O.^Hb) •  0 H (CO •  CH8)2. 

Benzylideneaoetylacetone  (3  grams)  interacts  with  ethyl  mercaptan 
(1  gram)  on  adding  a  few  drops  of  an  alcoholic  solution  of  sodium 
ethoxide.  The  solid  which  is  formed,  is  waHhj'd  with  water  and  dis- 
solved in  hot  dilute  alcohol  ;  the  solution,  on  cooling',  dp|)o.sii.s  colour- 
le«s,  silky  neodlos,  which  melt  at  76 — 76°  and  disKolve  in  cold  cotuien- 
trated  sulphuric  acid,  yielding  a  light  yellow  solution. 
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0-2003  gave  04943  (X)2  and  0-1335  H,0.     C  =  6730  ;  H  -  7-40. 
Cj^Hj.OjS  requires  C-  67-20  ;  H  -  720  per  cent. 

\mAmylthioU)enzylacetylacetoite,  C<jHj'CH(S'CjHji)'CH(CO-CH^y 

The  union  of  benzylideneacetylacetone  (1*8  grams)  and  uoamyl 
mercaptan  (1  gram)  has  been  effected  by  so^lium  ethoxide  di8golved  in 
alcohol.  The  solid,  which  is  produced  after  a  few  hours,  dissolves  in 
boiling  light  i>etroleuni,  and,  on  cooling,  crystallises  in  ooloarlMii 
needles  which  melt  at  57 — 58*^. 

0-2018  gave  0-5159  CO,  and  01495  H,0.    C- 69-85  ;  H  =  8-24. 
C,,H,^0,,8  requires  C  -  6986  ;  H  =  822  per  cent. 

The  solution  of  this  subntanoe  in  cold  concentrated  sulphuric  acid  is 

yellow. 

lienzylthiolhenzylacetylac€tone,  C,H5-CH(S-CH,-C,H5)-CH(CO'CH,),. 

This  compound  is  formed  on  adding  a  few  drops  of  sodium  ethoxide 
(Ustsolved  in  alcohol  to  the  mixture  of  benzylideneacetylacetone 
(3  grams)  and  benzyl  mercaptan  (2  grams).  The  white  solid,  which 
separates  on  stirring,  retidily  dissolves  in  hot  alcohol,  and,  on  cooling, 
crystallises  in  colourless  prisms  which  melt  at  77 — 78^  and  dissolve  in 
cold  concenti-ateil  sulphuric  acid,  yielding  a  deep  yellow  solution. 

0-2024  gave  0-5429  CO,  and  01 175  H^O.     C-73  15  ;  H-6-45. 
CjjHj^,O^S  requires  C  =  73-08  ;  H«=6-41  percent. 

Pheuylthidbenzylacetylac9t(me,  CjH5-CH(S-CjH5)-CH(CO*CH3).>. 

On  adding  a  small  quantity  of  sodium  ethoxide  dissolved  in  alcohol 
to  the  mixture  of  phenyl  mercaptan  (3  grams)  and  benzylideneacetyl- 
acetone (5  grams),  heat  is  developed,  and  the  w^hole  becomes  solid. 
This  product,  after  washing  with  a  little  cold  alcohol,  is  dissolved  in 
boiling  alcohol ;  the  solution,  on  cooling,  deposits  colourless  needles, 
which  are  readily  soluble  in  ether,  chloroform,  or  carbon  disulphide, 
but  less  so  in  alcohol ;  the  substance  melts  at  119 — 120^,  and  its  solu- 
tion in  cold  concentrated  sulphuric  acid  is  orange. 

0-2012  gave  0-5347  COj  and  0-11 12  HjO.     0  =  7247;  H  =  6-14. 
0-3183     „     0-2540  BaSO^.     8=10-96. 

Ci^HjgOgS  requires  0  =  7248  ;  H  =  6-04;  S=  10  74  per  cent. 

Phenylthiolbeiizylbeiizoyla^tone, 
C,H,-CH(S-0eH5)-0H(OO-CH,)-CO-C,H5. 

The  union  of  benzylidenebenzoylacetone  with  phenyl  mercaptan  has 
been  effected  by  mixing  the  diketone  (4-5  grams)  dissolved  in  benzene 
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with  the  mercaptan  (2  grams)  and  adding  2 — 3  drops  of  piperidine, 
■when,  in  a  short  time,  the  whole  sets  to  a  solid  mass.  This  is  washed 
with  light  petroleum  and  crystallised  from  alcohol,  in  which  it  dissolves 
with  difficulty ;  colourless  needles  are  thus  obtained,  which  melt  at 
140 — 141°  and  dissolve  in  cold  concentrated  sulphui-ic  acid,  yielding 
an  orange  solution. 

0-2008  gave  0-5640  COg  and  0-1016  HgO.     0  =  76-63  ;  H  =  5-62. 
C23H20O2S  requires  0  =  76-76  ;  H  =  5-55  per  cent. 

isoAmylthiolbenzylbenzoi/lacetoTie, 
06H5-CH(S-05Hii)-CH(CO-CH3)00-CoH5. 

The  action  of  piperidine  on  a  mixture  of  benzylidenebenzoylacetone 
(2-4  grams)  and  isoamyl  mercaptan  (1  gram)  dissolved  in  light  petrol- 
eum is  accompanied  by  development  of  heat.  The  solid  which  is  pro- 
duced, is  readily  soluble  in  benzene  or  ether,  less  so  in  cold  alcohol,  but 
readily  when  hot,  and  crystallises  from  dilute  alcohol  in  colourless 
needles  which  melt  at  104 — 105°. 

0-2005  gave  0-5466  OO2  and  01326  HgO.     0  =  74-35  ;  H-=7-34. 
OggHggOgS  requires  0  =  74-57  ;  H  =  7*34  per  cent. 

The  solution  of  this  substance  in  concentrated  sulphuric  acid  is 
yellow. 

Action   of  Mercaptans   on   Diolefinic  Ketones. 
The  Union  of  Dihemylideneacetone  with  Mercaptans. 

As  already  mentioned  in  the  introduction,  the  union  of  mercaptans 
with  dibenzylideneacetone  yields  either  mono-  or  di-thio-compounds. 
The  additive  products,  with  2  molecules  of  mercaptans,  which  Posner 
(loc.  cit.)  has  already  prepared,  can  readily  be  obtained  in  a  pure  state 
by  the  use  of  piperidine  as  catalytic  agent  instead  of  hydrogen  chloride. 
But  some  difficulty  may  be  experienced  in  getting  the  monothio-com- 
})Ound8  pure,  since  their  formation  is  accompanied  by  that  of  the 
additive  products  with  2  molecules  of  mercaptans.  This  is  especially 
the  case  in  the  preparation  of  thiophenylbenjisylbenzylideneacetone, 
which  I  have  not  yet  obtained  free  from  dithiophonyldibcn/iylacetone. 

iHoA'iin/Uhiolbenzi/lbenzylideneacelone^ 
0,,Uj-C]l'(S-OjlIi,)-OJl2-CO-01i:CJl-UflHo. 

This  Bubfltauce  is  formed  by  mixing  tsoamyl  mercaptan  (0  5  gram) 
with  dibonzylidonoacotono  (1-2  grams)  dissolved  in  benzene,  and  add- 
ing  3   drops   of    pijK'ridiiic.      After   several   hours,    the   benzene   is 
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evaporated  in  vacuo,  and,  on  stirring  the  residiiul  oil,  it  solidifies. 
The  solid  is  readily  soluble  in  benzene,  chloroform,  ether,  or  alcohol, 
and  cryHtallitied  from  dilute  alcohol  in  colourless  needles  which  melt  at 
60— 61^ 

0-2024  gave  0-5788  CO^  and  0-1405  H,0.     C- 77-99;  H  =  7-7I. 
C22H2,;O.S  retjuires  C  =  7810  ;  H  =  7*69  per  cent. 

The  solution  of  this  compound  in  concentrated  sulphuric  acid  is 
yellow. 

Phenyl  th  iolbeitzylbfn  zylideneucetone, 
C^H,-CH(S-C^Hi)-CH,-CO-CH:CH-C^Hj. 

On  adding  2 — 3  dro|)s  of  piperidine  to  the  mixture  of  phenyl 
mercaptan  (1  gram)  and  a  l>enzene  solution  of  dibenzylideneacetone 
(2-2  gramw)  and  leaving  the  solution  for  half  an  hour,  and  then  pouring 
into  it  light  petroleum,  a  white  solid  w  precipitated.  This  product 
dissolves  somewhat  readily  in  boiling  alcohol,  and,  on  cooling,  crystal- 
lises in  colourless  needles  which  melt  at  121 — 122.  On  analysis, 
inimbers  were  obtained  which  indicated  that  this  product  is  a  mixture 
of  the  additive  com)x)unds  of  the  dioletinic  ketone  with  one  and  two 
molecules  of  the  mercaptan.  The  melting  point  is  raised  to  127 — 128"^ 
by  a  second  crystallisation  from  the  same  solvent,  but,  as  is  indicated 
by  the  following  analysis,  the  substance  is  still  impure. 

0-2010  gave  0-5864  CO^  and  0  1061  H^O.     0  =  7956  ;  H  =  5-86. 
C.3H20OS  re<iuires  C  -  8023 ;  H  =  581  per  cent. 

Diphenylthioldibenzylacetcnie,  [CsH.-CH(S-C^H^)-CH]j-CO. 

This  compound,  which  has  been  prejwired  l)efore  by  Posner  (loc.  eit.), 
is  readily  formed  on  adding  piperidine  to  the  benzene  solution  of  equal 
weights  (2  grams)  of  dibenzylideneacetone  and  phenyl  mercaptan. 
After  a  short  time,  the  mixture  sets  to  a  semi-solid  which  dissolves  in 
boiling  alcohol  with  difficulty  and,  on  cooling,  crystallises  in  colourless, 
iridescent  prisms.  These,  after  a  second  crystallisation  from  the  same 
solvent,  melt  at  134 — 135°,  as  compared  with  139 — 140^  found  by 
Posner,  and  gradually  dissolve  in  cold  concentrated  sulphuric  acid 
forming  an  orange  solution  which  slowly  turns  red. 

0-2003  gave  0-5617  CO.,  and  01033  H/).     0-76-48  ;  H  =  5-72. 
CjyH^jjOSj  re«iuii-es  0  =  7665  ;  H  =  572  per  cent. 

The  Union  of  Mercaptans  with   Cinnamyltdeneacetophenone. 

I  have  studied  this  reaction  with  special  care  in  order  to  examine 
whether  cinnamylideneaeetophenone  takes  up  2  molecules  of  niercap- 
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tans,  as  stated  by  Posner  ;  but  I  find  that  it  unites  with  1  molecule 
only  of  zsoamyl  or  phenyl  mercaptan  and  yields  compounds  which  are 
isomeric  with  the  additive  products  of  dibenzylideneacetone  with 
1  molecule  of  these  mercaptan  s. 


Phenyl  ^-isoAmylthiol-y-hemylidenepropyl  Ketone, 

c,,H5-ch:ch-ch(s-C5H„)-ch2-c6-C6H5. 

I  have  carried  out  two  experiments  ;  in  the  first,  a  mixture  in 
molecular  proportions  of  cinnamylideneacetophenone  (2-2  grams),  dis- 
solved in  benzene,  and  isoamyl  mercaptan  (1  gram)  was  treated  with 
3  drops  of  piperidine,  and,  after  several  hours,  the  benzene  was 
evaporated.  The  residual  oil,  which  solidified  on  stirring,  crystallises 
from  dilute  alcohol  in  colourless  needles ;  these  melt  at  64°  and  dis- 
solve in  cold  concentrated  sulphuric  acid  yielding  a  deep  red  solution. 
The  second  experiment  has  been  performed  in  a  similar  manner  except 
that  equal  weights  (2  grams)  of  the  ketone  and  the  mercaptan  have 
been  used,  and  the  solution  has  been  kept  overnight  before  evaporating 
oft'  the  solvent.  The  substance  which  is  formed,  after  crystallisation 
from  alcohol,  melts  at  64°.  The  identity  of  the  two  preparations  has 
been  further  verified  by  analysis  : 

I.  0-2025  gave  0-5792  COg  and  01404  H^O.     C  =  78-00  ;  H  =  7-70. 

11.  0-2012     „     0-5745  COj    „    0-1405  HjO.     0  =  77-87  ;  H  =  7-75. 

C22H26OS  requires  C  =  78-10 ;  H  =  7-69  per  cent., 

whilst  the  additive  compound  with  2  mols.  of  the  mercaptan, 
^27^88^^2'  requires  C  =  73-30  ;  H  =  8-60  per  cent. 


Phenyl  P-Phenylthiol-y-benzylidenepropyl  Ketone, 

c„H5-ch:ch-oh(s-c„H5)-ch2-co-c,.H5. 

On  mixing  phenyl  mercaptan  and  cinnamylideneacetophenone  either 
in  molecular  quantities  or  in  the  proportion  of  1  mol.  of  the  ketone  to 
2  molK,  of  the  mercaptan,  and  adding  a  few  drops  of  piperidine  to  the 
solutions  of  these  mixtuies  in  benzene,  there  is  formed  in  both  cases 
the  same  compound,  which  is  precipitated  by  light  petroleum.  The 
Bubstance  is  readily  soluble  in  ether  or  chloroform,  not  so  readily  in 
cold  alcohol,  and  crystalliseH  in  colourless  needles  from  its  solution  in 
hot  dilute  alcohol.  Both  specimens  melt  at  103 — 104°,  and  their 
solutions  in  concentrated  sulphuric  acid  are  deep  red. 

0-2014  gave  0-6928  00,  and  01 063  HjO.     C-80-27  ;  H-5-86. 
0,gHj<,OS  requires  0»  80-23  ;  H-5-81  per  cent. 
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CggHjgOSj,  the  additive  compound  of  the  diolefinic  ketone  with 
2  molH.  of  phenyl  mercaptan,  wltich,  according  to  Posner  (ioc.  eU.),  is 
formed  on  using  hydrogen  chloride  as  a  catalytic  agent  instead  of 
piperidine,  requires  C  =  76*65  ;  H  =  5'72  per  cent. 

Although  the  close  agreement  of  the  melting  points  indicates  that 
Posner' s  compound  is  identical  with  the  one  thus  obtained,  yet  I  have 
thought  it  advisable  for  direct  comparison  to  prepaid  a  specimen  accord- 
ing to  Posner's  directions.  For  this  purpose,  dry  hydrogen  chloride 
has  been  passed  into  a  cold  solution  in  glacial  acetic  acid  of  the  mixture 
of  cinnamylideneacetophenone  (2  grams)  and  phenyl  mercaptan 
(2-5  grams),  when,  after  a  short  time,  the  whole  sets  to  a  semi-solid  ; 
the  substance  crystallises  from  alcohol  in  colourless  needles  which  melt 
at  103°  and  have  other  properties,  such  as  the  shape  of  the  crystals 
and  the  solubility,  resembling  those  of  the  compound  formed  under 
the  influence  of  piperidine.  I  have,  moreover,  verified  the  composition 
of  this  specimen  by  analysis  : 

0-2008  gave  05902  CO,  and  01508  H,0.     C  =  8016  ;  H  =  5-85. 
CJ3H20OS  requires  C  -  8023  ;  H  =  5-81  per  cent. 

Action  of  Hydrogen  Stdpliidt  on  Benzyiid^neaeeti/laeetam. 

On  passing  hydrogen  sulphide  into  a  slightly  warm  alcoholic  solution 
of  benzylideneacetylacetone  to  which  a  little  sodium  ethoxide  dissolved 
in  alcohol  has  been  added,  a  white  solid  is  formed.  This  is  insoluble 
in  alcohol  or  glacial  acetic  acid,  but  readily  dissolves  in  chloroform,  and 
is  precipitated  from  this  solution  by  alcohol.  The  substance  softens  at 
75 — 85°  and  is  identical  with  thiobenzaldehyde. 

0-2017  gave  0  5065  CO^  and  00920  HjO.     C  =  68-49  ;  H  =  5-06. 
C-HgS  recjuires  C  =  68  85  ;  H  =  491  per  cent. 

I  am  engage<i  in  the  further  investigation  of  the  action  of  mercap- 
tans  on  olefinic  ketonic  compounds  in  the  presence  of  organic  bases, 
and  in  the  study  of  the  additive  products  which  are  thus  formed. 

GONVILLE   AND   CaICS   CoLLKGE, 

Cambridur. 
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VI. — Hydrolysis  of  Ammonium  Salts. 
By  Victor  Herbert  Veley. 

Introductory. 

In  the  ordinary  text-books  of  chemistry  it  is  stated  in  general  terms 
that  aqueous  solutions  of  ammonium  salts  when  boiled  become  acid 
with  the  evolution  of  a  vapour  of  alkaline  reaction.  More  definite 
statements  are  to  the  effect  that,  under  such  conditions,  triammonium 
phosphate  loses  two-thirds  of  its  ammonia,  and  is  converted  into  am- 
monium dihydrogen  phosphate ;  also  that  an  aqueous  solution  of 
ammonium  oxalate  loses  ammonia  even  at  —  1°.  Such  statements 
appear  to  imply  that  these  decompositions  are  to  be  classed  among  heat 
dissociation  phenomena,  namely,  that  ammonium  chloride,  for  example, 
is  decomposed  when  heated  either  in  the  dry  state  or  in  aqueous  solu- 
tion, according  to  the  same  course  of  events.  The  object  of  the  present 
communication  is  to  show  that  although  the  net  result  is  the  same  in 
both  cases,  yet  the  latter  is  consequent  on  hydrolysis,  NH^Cl-fHgO  Zi^ 
NH^OH  +  HCl  and  NH^OH  =  NH3  +  HgO,  and  not  on  heat  dissociation. 
Investigations  (Walker,  Zeit.  physikal.  Cheni.,  1889,  4,  319  ;  Ai-- 
rhenius,  ibid.,  1894,  13,  407 ;  Shields,  Phil  Mag.,  1893,  [v],  35,  365  ; 
van't  Hoff,  Chemische  Dynamik,  1898,  121 — 126)  on  the  hydrolysis  of 
salts,  such  as  the  cyanides,  acetates,  and  amides,  have  shown  that  three 
cases  are  possible  :  (1)  salts  formed  from  a  weak  base  and  strong  acid, 
(2)  salts  from  a  strong  base  and  weak  acid,  and  (3)  salts  from  a  weak 
base  and  weak  acid.  Ammonium  salts  containing  the  relatively  weak 
base  ammonia  would  probably  be  included  only  in  categories  I  and 
III.  In  the  former,  it  has  been  shown  both  by  inversion  and  conduc- 
tivity experiments  that  the  amount  of  hydrolysis  is  dependent  on  the 
mass  of  water,  namely,  the  dilution,  and  the  condition  of  equilibrium 
is  represented  by  the  equation  : 

C(»cld)  X   (7(baae) 

'  (««lt) 

In  the  latter,  the  amount  of  hydrolysis  is  independent  of  the  dihition, 
and  itH  e<|nation  of  equilibrium  is 

C*(talf)  ^ ^"'^' 

It  mil  bo  shown  in  the  sequel  that  the  hydrolysis  of  jumiioniuni  salts, 
which  results  from  l)uiling  their  a(pieous  solutions,  juosents  these  two 
cafM,  namely,  that  (1)  its  amount  is  dependent  on  the  dilution,  and  (2) 
in  indejiendeiil  of  the  dihition  when  beyond  a  certain  limiting  value. 


-p^i =  A"  (a  constant) (1). 
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There  is,  further,  a  third  case  in  which  hydrolysis  is  nil  or  inappr«ci- 
able  at  any  degree  of  dilution. 


Experimental. 

The  method  of  ex{>eriment  consisted  in  boiling  100  c.c.  of  the  several 
aqueous  solutions  in  round-bottomed,  Jena  glass  flasks  of  about  500 
c.c,  capacity  fitted  with  inverted  condensei's,*  according  to  the  ordinary 
procesH  for  determining  the  proportion  of  ethereal  salts  by  saponifica- 
tion. Tlie  duration  of  each  experiment  was  one  hour,  at  the  expiry  of 
whieli,  the  flask  was  disconnected,  its  contents  rapidly  cooled,  and  the 
amount  of  free  acid  estimated  and  taken  as  a  measure  of  the  ammooiA 
lost.  In  most  cases  the  proportion  of  this  free  acid  was  eetimated  by 
an  ammonia  solution  of  approximately  decinormal  strength,  litmus 
being  used  as  an  indicator  ;  in  the  case  of  organic  acids,  which  do  not 
give  a  sliarp  definition  with  litmus,  caustic  soda  solution  of  the  same 
concentration  was  substituted  for  ammonia  and  phenolphthalein  for 
litmus.  Although  at  the  ordinary  temperature  there  did  not  appear 
to  be  any  risk  of  the  displacement  of  ammonia  by  the  caustic  soda 
added,  yet  it  is  not  pretended  tliat  the  results  obtained  are  of  the  same 
order  of  accuracy.  Such  a  method  seemed,  however,  to  be  the  only 
escape  from  an  experimental  ditiiculty. 

In  the  case  of  the  tri-  and  di-ammonium  phosphates,  which  are 
alkaline  in  reaction,  the  process  was  I'evei'sed,  a  decinormal  solution 
of  hydrochloric  acid  being  substituted  for  ammonia. 

A  possible  source  of  error  would  arise  when  the  acid  simultaneously 
liberated  with  the  ammonia  was  volatile  and  might  also  e.scape,  but,  so 
far  as  observation  went,  such  escaping  acid  would  recombine  with  the 
ammonia,  and  the  salt  regenerated  would  be  washed  back  into  the 
solution  by  the  condensed  water.  A  further  source  of  error  might 
arise  from  differences  in  roughness  of  the  glass  of  different  flasks, 
whereby  the  evolution  of  ammonia  would  be  facilitated,  but  a  com- 
parative experiment  showed  no  appi-eciable  difference  in  ammonia  lost 
when  two  solutions  of  ammonium  niti-ate  were  heate^l  under  the  same 
conditions  for  the  same  time,  but  to  one  of  which  half  a  gram  of  finely 
divided  silica  had  been  pm'posely  added.  The  solutions  taken  for  most 
series  of  experiments  were  of  1,  05,  0*2,  01,  and  0  05  normal  con- 
centi-ations  respectively  ;  but  it  will  be  evident  that  the  method  of 
experiment  adopted  is  restricted  on  the  one  hand  by  the  solubility  of 
the  salts  for  concenti-ated  solutions,  and  on  the  other  by  the  small 

*  The  condensers  used  were  all  of  glass  with  straight  internal  tubes  ;  a  slight 
error  would,  doubtless,  be  caused  by  the  few  drois  which  fell  back  into  the  main 
bulk  of  the  solution  after  the  operation  of  boiling  had  been  stopped. 
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absolute  amount  of  ammonia  lost  from  very  dilute  solutions,  whereby 
the  experimental  error  is  vei"y  largely  increased. 


Method  of  Calculation  and  Expression  of  Results. 

If  P  represent  the  loss  of  ammonia  from  the  solution  and  M  the 
amount  of  ammonia  originally  combined,  then  PIO^/M  will  be  the  per- 
centage molecular  loss ;  for  the  purpose  of  avoiding  long  decimals,  the 
values  have  been  multiplied  by  10,  and  the  numbers  thus  obtained 
designated  as  K—P\Qi^jM.  For  example,  two  decinormal  solutions  of 
ammonium  nitrate  {0'8  gram  in  100  c.c.)  containing  0'17  gram  of 
combined  ammonia  were  placed  in  two  sets  of  apparatus  placed  in 
parallel,  and  heated  for  the  same  period  of  time,  as  a  comparative 
expei'iment.  The  values  for  K  found  were  32 '3  and  33*8  or  a  differ- 
ence of  3  per  cent,  approximately,  which  is  within  the  limit,  about 
5  per  cent.,  of  saponification  experiments. 

Salts  Examined. 

The  salts  examined  were  the  bromide,  chloride,  nitrate,  sulphate, 
the  three  orthophosphates,  formate,  acetate,  oxalate,  succinate,  citrate, 
ethyl  sulphate,  benzoate,  salicylate,  benzene-  and  naphthalene-a-sul- 
phonates ;  such  a  list  might  be  gi-eatly  extended,  but  the  foregoing 
series  appeared  to  be  representative  and  served  for  the  purpose  of 
various  comparisons. 

The  salts  of  the  organic  acids,  with  the  exception  of  the  oxalate, 
were  obtained  from  Kahlbaura  ;  the  bromide,  chloride,  nitrate,  sulphate, 
diphosphate,  and  oxalate  were  either  fine  crystalline  specimens  at 
hand,  or  were  recrystallised  specially.  The  chlorate  was  prepared 
from  the  barium  salt  by  precipitation  with  ammonium  sulphate  and 
recrystal Using ;  it  contained  a  trace  of  chloride.  The  monophosphate 
was  obtained  by  the  addition  of  glacial  phosphoric  acid  to  concentrated 
ammonia  solution  until  the  solution  was  distinctly  acid,  a  further 
quantity  of  acid  was  added  until  no  precipitate  was  produced  on  the 
addition  of  barium  chloride  to  a  test  portion  ;  the  solution  was  partially 
evaiM)rated  and  allowed  to  ci'ystallise.  The  triphosjihate  was  obtained 
by  the  cautious  addition  of  concentrated  ammonia  to  an  aqueous  solu- 
tion of  the  diphosphate ;  the  salt  cTystalli.sod  out  in  lino  needles,  which 
were  dried  partially  by  suction,  and  finally  over  sulphuric  acid. 

No  variation  was  made  in  the  method  of  procedure  except  in  the 
case  of  the  oxalate,  in  which  case  the  experiments  were  conducted  in 
a  dark  room  on  account  of  the  ready  decomposition  of  .solutions  when 
expoHed  to  sunlight  (Downea  and  Blunt,  Proc.  Hoy.  Hoc,  187U,  28, 
209;   KichurdHon,   Trans.,    1894,   66,    450).     In  order  to  determine 
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whether  the  decomposition  of  aqueous  solutions  of  the  salt,  as  stated 
above  to  occur  even  at  -  1°,  is  due  to  the  hydrolysis  of  the  salt  at 
that  temperature,  or  to  its  decomposition  as  induced  by  sunlight,  two 
seminormal  solutions  of  the  salt  were  taken,  one  kept  in  the  dark  for 
14  hours  at  the  ordinary  temjierature,  the  other  heated  for  the  same 
time  at  40°  in  a  dark  chamber,  namely,  a  bacteriological  incubator. 
There  was  no  appreciable  loss  of  ammonia  in  either  case,  thus  proving 
that  exposure  to  sunlight  was  the  determining  cause  in  the  above- 
nientioned  observation. 

JCxperimental  liMults. 

In  the  tables  given  in  the  sequel,  the  molecular  concenti-ations  in 
terms  of  normality  N  are  given  in  the  first,  and  the  found  values  for 
K  in  the  succeeding  columns. 


Gatbgoby  I. 

Jlydrolyais  Nil 

or 

Inappnciable. 

Bromide. 

Chloride.        I 

A'. 

K. 

K. 

10 

— 

1-3 

0-5 

0017 

1-2 

0-2 

nil 

108 

01 

nil 

1-4 

005 

nil 

5-8 

Beuieneiiulpkouate. 

jr. 

0-7 
2-7 
35 
40 
3  5 

As  regai'ds  these  three  salts,  it  is  worthy  of  note  that  the  three 
acids  combined  with  the  ammonia  are  those  which  give  the  highest 
value,  according  to  Ostwald  {J.  pr.  Chem.,  1884,  20,  401—402),  (1) 
for  the  hydrolysis  of  methyl  acetate  and  (2)  for  the  inversion  of 
cane  sugar ;  thus,  the  persistence  with  which  the  ammonia  is 
retained,  serves  as  a  measure  of  the  activity  of  the  acid.  This  point 
will  be  further  alluded  to  in  the  sequel. 

Category  II. 
Hydrolysis  Dependent  on  Dilution. 


Nitrate. 

Sulphate. 

N. 

K. 

K. 

20 

5-3 

— 

10 

190 

7-6 

05 

200 

9-5 

0-2 

30-8 

11-2 

01 

38-9 

143 

005 

80-5 

16-5 
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In  the  foregoing  salts,  the  amount  of  hydi'olysis  increases  pro- 
gressively with  the  dilution,  and  more  markedly  in  the  case  of  the  nitrate 
than  in  that  of  the  sulphate,  the  limit  of  which  appears  to  be  reached 
nearly  at  the  point  at  which  the  experimental  method  becomes  im- 
possible. As  regards  the  nitrate,  the  results  of  which  show 
irregularity,  it  is  probable  that  the  main  reaction  of  hydrolysis  is 
complicated  by  the  decomposition  at  the  temperature  used  of  the 
liberated  nitric  acid  ;  nitrous  acid  is  formed,  which  interacts  with  the 
ammonia  (liberated,  but  not  completely  boiled  off)  to  give  ammonium 
nitrite,  which  is  at  once  decomposed  into  nitrogen  and  water. 

Catkgory  III. 

Hydrolysis  Independent  of  Dilution  at  a  Limiting  Value. 

All  the  other  salts  examined  come  under  this,  the  most  common 
category.  For  the  sake  of  convenience  only,  these  salts  have  been 
divided  into  inorganic  and  organic  respectively. 

Salts  of  Inorganic  Acids. 

Chlorate.  Monophosphate.        Diphosphate. 

N.  K.  K.  K. 

0-5  15-5  U-6  37-3 

0-2  18-7  18-6  42-9 

0-1  20-3  22-3  40-0 

0-05  18-5  21-5  41-6 

The  value  found  for  K  for  the  triammonium  phosphate  was  600 
approximately,  but  the  salt  is  relatively  unstable,  and  probably  both 
hydrolysis  and  dissociation  proceed  sinmltaneously. 

Salts  of  Organic  Acids. 

These  salts  are  further  divided  for  the  purpose  of  convenience  into 
those  of  (1)  parafhnoid  and  (2)  benzenoid  acids. 

Salts  of  I'araJ/inoid  Acids. 


Kthyl 

Format*'. 

Acotato. 

Oxalate. 

Succinate. 

Citrate. 

sulphate 

N. 

K. 

K. 

K. 

K. 

K. 

K. 

10 

37-2 

63-4 

— 

235-6 

215-5 

4-0 

0-6 

35-6 

9B8 

— 

230  0 

li>8-6 

8-34 

0-2 

22  0 

«0-8 

17-4 

244-6 

280-0 

10-4 

01 

20  1 

94-0 

22-3 

•248 -8 

276  0 

11-1 

0  06 

Iftl 

90-8 

23-2 

240  0 

282  0 

12-rt 

0-026 

— 

100-0 

22-8 

— 

— 

— 
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Salts  of  Benzeiund  Acids. 


Naphthalene- 

Benzoate. 

SalicyUte. 

•••olphonate. 

N. 

K. 

K. 

K. 

10 

31 

9-8 

2« 

0-6 

9-0 

11-0 

»0 

0-2 

10-3 

14-0 

10^ 

01 

10-6 

KO 

15-0 

0  05 

11  1 

14-4 

14-9 

The  only  point  of  special  notice  in  the  foregoing  table  is  the 
behaviour  of  the  formate,  which  differs  from  all  the  other  ammonium 
salts  examined  in  that  the  value  for  A'  decreases  with  decreaite  of  con- 
centration. Two  series  of  experiments  were  conducted,  but  the 
values  obtained  were  concordant  within  the  limits  of  experimental 
error.  Hydrocyanic  acid,  which  might  be  formed  according  to  the 
equation  HCO^NH^  =  HCN  +  2H^>0  (and  is  thus  produced  when  the  dry 
salt  is  heated),  was  tested  for,  but  with  a  negative  result.  At  present, 
it  is  not  pro}K)sed  to  offer  any  explanation  of  this  discrepancy. 

Discug»ion  of  Rendu. 

In  a  preceding  section,  it  was  observetl  tliat  the  ammonium  salts  of 
those  acids  which  give  the  highest  values  for  the  hydrolysis  of  methyl 
acetate  and  of  the  inversion  of  cane  sugar  were  those  which  gave  the 
lowest  values  in  the  pi'esent  investigation. 

It  appeixred  worthy  of  interest  to  pursue  this  comparison  further, 
and  for  this  purpose  the  values  for  1/lOth  molecular  concentration 
have  been  selected,  this  being  the  concentration  at  which  such  values 
have  attained  constancy.  The  nitrate  and  formate  are  omitted  fi'om 
the  present  discussion  as  hydrolysis  in  both  these  cases  is  doubtless 
moditied  by  secondary  reactions.  In  the  following  table,  the  values 
of  K  for  the  remaining  salts  are  arranged  in  order  of  increasing 
magnitude  in  column  I,  and  their  reciprocals  XjK  consequently  in 
oi*der  of  deci-easing  magnitude. 

Salts.  K. 

Bromide nil 

Chloride   14 

Benzenesulphonate    40 

Benzoate 106 

Ethyl  sulphate   ll'O 

Sulphate 14"0 

Naphthaleue-a-salphonate  15  0 

Salicylate    16-0 

Chlorate  20-3 

Oxalate    22-3 

Diphosphate 40*0 

Acetate    900 

Succinate 243-8 

Citi-ate 2750 


UK. 

Chloride  =100 

00 

— 

0713 

100  0 

0-250 

35-2 

0-094 

13  2 

0-091 

11-2 

0  073 

10-2 

0-066 

9-2 

0-062 

8-7 

0  049 

6-9 

0-045 

6-9 

0  025 

35 

0011 

15 

0-004 

0-57 

0  003 

0-51 
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As  a  f urthei'  comparison,  the  reciprocals  1  jK  have  been  calculated  in 
terms  of  the  chloride  taken  as  100  (column  III). 

In  the  following  table,  the  acids  are  arranged  in  the  order  of  avidity 
for  ammonia  in  column  I,  and  in  column  II  in  their  order  (mean 
value)  obtained  in  the  investigations  of  Ostvvald  {vide  supra)  so  far  as 
the  comparison  may  be  instituted. 


I. 

II. 

I. 

II. 

Hydrobromic. 

Benzenesulphonic* 

Hydrochloric. 

Hydrol)romic. 

Benzenesulphonic. 

Hydrochloric. 

Phosphoric. 

Acetic. 

Succinic. 

Phosphoric. 

Citric. 

Succinic. 

Ethyl  sulphuric. 
Sulphuric. 
Chloric.  \ 
Oxalic.  / 

Ethyl  sulphuric. 

Chloric. 

Sulphuric. 

Citric. 

Acetic. 

Oxalic. 

The  similarity  as  regards  the  relative  order  of  magnitude  is  very 
striking ;  the  order  of  absolute  magnitude  differs  generally  as  to  the 
high  values  of  the  two  haloid  acids,  whereby  all  the  values  of  most  of 
the  remaining  acids  are  consequently  reduced,  and  particularly  as  to 
the  case  of  chloric  acid,  which  should  rank  with  the  haloid  acids,  but 
as  a  matter  of  fact  comes  much  below  them  ;  but  a  consequent  decom- 
position of  the  chloric  acid  formed  in  the  reaction  studied  may  possibly 
be  a  disturbing  factor. 

This  line  of  investigation  might  be  further  extended,  not  only  to  the 
ammonium  salts  of  other  acids,  but  also  to  the  substituted  ammonium 
salts  of  the  same  acids.  The  present  communication  may  serve  as  a 
preliminary  to  further  accounts  of  investigations,  although  it  is  not,  of 
course,  pretended  that  the  method  adopted  is  of  such  an  order  of 
accuracy  as  others  on  the  magnitude  of  chemical  change  under  definite 
conditions. 

I  am  indebted  to  Mr.  John,  of  Jesus  College,  Oxford,  for  assistance 
in  the  earlier  portion  of  this  work. 


Concluaiona. 

When  aqueous  solutions  of  ammouium  halts  are  heated  at  their 
boiling  point,  the  evolution  of  ammonia  and  concomitant  acidity  of 
HolutioiiH  result  not  from  a  direct  dissoc^iation,  but  from  hydrolysis. 
Tlirc«'  CJ180H  are  presentcul  :  (1)  sucii  hydrolysis  is  nil  or  inapprociable, 
(2)  it  iw  dependent  on  the  dilution,  and  (3)  it  is  indcpeiidcMt  of  dilution 
when  beyond  a  certain  limiting  value. 

Tlie  iiersistence  or  avidity  with  which  the  several  acids  retain  the 

•  Caldwell,  Proc.  lioy.  Svc,  1004,  74,  186. 
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ammonia  in  combination  is  analogous  to  their  activity  or  avidity  in 
the  cases  of  hydrolysis  of  methyl  acetate,  and  inversion  of  cane  sugar ; 
the  relative,  but  not  the  absolute,  order  of  magnitude  is  the  same  in  all 
these  three  chemical  changes. 


k 


VII. — Studies  in  Optical  Superposition.     Part  I. 

By  Thomas  Stewaut  Patterson  and  Fkancis  Taylor,  B.So. 

Optical  superposition  is  the  somewhat  unsuitable  term  which  has 
been  applied  to  the  combination  of  two  or  more  optically  active 
radicles  in  one  molecule.  Such  compounds  have  hitherto  received  but 
little  systematic  investigation,  although  it  seems  possible  that  their 
examination  might  lead  to  interesting  results  in  regard  to  various 
phenomena  such  as  those  connected  with  solution  or  with  the  com- 
bination of  radicles  generally. 

When  in  a  simple  active  molecule  such  as  that  of  lactic  acid  the 
replaceable  hydrogen  atoms  are  substituted  by  radicles  like  methyl  and 
ethyl  or  acetyl  and  benzoyl,  the  change  in  rotation  which  occurs  with 
each  substitution  is  probably  due,  not  merely  to  the  addition  of  a  new 
'group,  but  also  to  a  modifi>ation,  a  slight  molecular  rearrangement, 
of  the  active  radicle  itself.  That  is,  the  lactyl  radicle,  supposing  it 
could  be  detached  from  a  molecule  of  methyl  lactate  without  suffering 
any  other  change,  would  show,  when  examined  polarimetrically,  a 
rotation  differing  from  that  of  a  lactyl  radicle  separated,  in  the  same 
manner,  from  a  molecule  of  some  other  lactate.  The  inactive  group 
would,  of  course,  be  expected  to  show  a  similar  behaviour ;  for 
instance,  it  is  probable  that  the  ethyl  radicle  in  ethyl  lactate  has  not 
the  same  volume  as  in  ethyl  acetate. 

Polarimetric  examination  of  compounds  composed  of  an  active  and 
an  inactive  radicle  can  scarcely  be  expected  to  yield  any  information 
as  to  the  changes  taking  place  in  lioth  parts  of  the  molecule,  but  more 
interesting  results  may  be  anticipated  from  the  investigation  of 
compounds  formed  of  two  active  radicles. 

It  must  be  noticed,  however,  that  altliough  in  the  latter  case  both 
parts  of  the  molecule  contribute  to  its  rotation,  it  is  not  possible  to 
estimate  accurately  the  effect  of  each.  The  observed  rotation  is  only 
a  resultant,  and  for  the  present  a  resolution  can,  at  the  best,  be  only 
very  approximately  effected  by  comparison  of  this  resultant  rotation 
with  the  rotations  of  substances  containing  these  active  radicles 
united  to  other  inactive  groups. 

VOL.    LXXXVII.  D 
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It  is  proposed  in  this  and  some  succeeding  papers  to  collect  rotation 
data  for  such  compounds  in  order  to  determine  as  far  as  possible  the 
mutual  influence  of  the  groups  of  which  they  are  composed,  the  present 
communication  dealing  with  menthol  and  certain  of  its  derivatives. 

A  sample  of  menthol  which  gave  for  its  rotation  in  absolute 
alcoholic  solution  of  c  =  45112  the  value  [a]^D-49'88°  was  care- 
fully distilled  under  diminished  pressure  and  the  rotation  of  the 
homogeneous  substance  determined  at  several  different  temperatures, 
with  the  following  results  : 


Rotation  of  Menthol. 


t. 

0^(66-04  mm.).         Density.               [a]^. 

[M]:- 

100-0° 

-27-399°               0-8380             -49-51° 

-77-24 

78-0 

28-132                0-8551                49-82 

77-72 

70-2 

28-380                0-8612                49'90 

77-85 

68-2 

28-585                0-8666                49-95 

77-92 

58-3 

28-720                0-8704                49-96 

77-94 

63-5 

28-833                0-8742                49-94 

77-91 

48-2 

28-937                0-8783                49-89 

77-83 

43-0 

29-055                0-8821                49-88 

77-82 

89-5 

29-118                0-8852                49-82 

77-72 

85-2 

29177               0-8884               49-73 
Densities  Determined : 

77-58 

Temperature    40-9°               59° 

80° 

De 

nsitv 0-8839           0-8699 

0-8534 

Molecular  rotation  of  menthol. 


-77-0' 


-77-2 


i 

"i     -77-4 

k 

"I     -77-6 


-77-8 


-78-0,^j 


"^^^s^  Vf 


10*        20°         80*        40'         60°         60°        70°         80°         90°       100° 
Temperature. 


From    these    data,  the  curve  showing  the  variation  of   molecular 
rotation  with  change  of  temperature  has  been  drawn.     'T\w  rotatioi^ 
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of  fused  menthol  has  previously  been  determined  by  W.  H.  Perkin 
(Trans.,  1902,  81,  309),  who  found  [a]^- 49-88*',  whence  [M]^- 
77-82°,  whilst  from  the  foregoing  curve  the  value  [M]^- 77-85° 
is  obtained ;  these  numbers  agree  with  one  another  very  closely.  It 
will  be  noticed  at  once  from  this  curve  that  for  menthol  there  exists  a 
temperature  of  maximum  negative  i-otation.  As  the  temperature 
falls,  the  rotation,  which  at  100°  it  -77-24°,  gradually  increases  to 
reach  its  maximum  value  of  —77-94°  at  58 — 59°.  At  tluK  temperatui-e, 
the  menthol  molecule  has  its  greatest  optical  effect.  A  diminution  of 
rotation  occurs  with  further  reduction  of  temperature,  but  thi«  could 
only  be  investigated  for  a  few  degrees  below  the  melting  point  (42°), 
as  the  substance  did  not  long  i*emain  supercooled.  It  would  appear, 
however,  by  extrapolation,  that  menthol  at  20°  would  have  a 
molecular  rotation  of  about  -  7722%  almost  the  same  as  at  100°. 

Several  somewhat  similar  instances  have  recently  been  discovered. 
Thus  it  has  been  shown  that,  in  solutions  of  optically  active  com- 
pounds, maximum  or  minimum  values  of  the  rotation  may  be  reached 
at  definite  concentrations,  the  temjiei-ature  being  constant,  as  is  the 
case  with  nicotine  in  dilule  aqueous  solution  or  camphor  in  valeric  or 
caproic  acid  /see  Ljindolt,  "  Da**  Optische  Drehungsvermiigen,  Eng. 
ed.,  p.  199),  and  also  with  ethyl  tartrate  in  various  solvents 
(Patterson,  Trans,,  1901,  79,  178,  483;  1902,81,  1099).  Similarly, 
maxima  or  minima  may  occur  at  definite  temperatures  in  solutions  of 
certain  concentrations,  as  has  been  found  for  solutions  of  ammonium 
and  sodium  molybdenylbimalates  (Grossman  and  Potter,  Ber.,  1904, 
37,  84)  and  for  various  tarti-ates  (Patterson,  Trans  ,  1904,  85,  1136). 

So  far  as  we  are  awai-e,  however,  only  one  case  strictly  analogous 
with  that  of  menthol  has  been  observed.  P.  F.  Fi-ankland  and 
Wharton  (Trans.,  1896,  60,  1587)  found  that  ethyl  dibenzoyltartrate 
exhibits  a  maximum  negative  rotation  at  a  temperature  close  to  its 
melting  point,  the  phenomenon  being  moi-e  pronounced  than  in  the 
case  of  menthol,  whilst  ethyl  di-o-toluyltartrate,  another  substance 
prepared  by  these  authors,  very  probably  has  the  same  peculiarity.  In 
these  two  cases  the  phenomenon  must  be  due — since  the  molecule  is 
symmetrical — to  a  configuration  of  maximum  asymmetry  having 
been  reached.  The  same  explanation  may,  of  course,  hold  in  the  case 
of  menthol,  but  here  there  is  also  the  possibility  that  the  variation  of 
rotation  with  change  of  temperature  is  merely  an  indication  of  the 
successive  preponderance  of  one  or  other  of  the  asymmetric  carbon 
atoms.  It  does  not  follow  that  at  the  temperature  of  maximum 
rotation  all  three  are  acting  in  the  same  sense  or  with  their  maximum 
power, 

\-Menthyl  d-tartrate  was  prepared  by  Patterson  and  Dickinson's 
method  (Trans.,  1901,  79,  280).     Dry  hydrogen  chloride  was  passed 

o  2 
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into  a  flask  containing  a  mixture  of  25  grams  of  ethyl  tartrate  (1  mol.) 
and  120  grams  of  menthol  (4  mols.  approximately).  This  soon  caused 
liquefaction  of  the  menthol,  and  the  resulting  solution  generally  ac- 
quired a  red  colour.  The  flask  was  then  placed  in  an  oil-bath  and  the 
temperature  gradually  raised  to,  and  kept  at,  120 — 130°,  the  passage  of 
the  hydrogen  chloride  being  continued  for  about  24  hours.  The  excess 
of  menthol  was  then  distilled  off  under  reduced  pressure  and  the  residue, 
a  heavy  yellow  or  red  oil,  which  forms  a  resin  on  cooling,  dissolved  in 
a  large  volume — one  to  two  litres — of  warm  spirit,  to  which  water  was 
added  until  a  slight  turbidity  occurred,  which  was  then  just  removed 
by  alcohol.  The  substance  has  a  considerable  tendency  to  separate  as 
an  oil,  but  can  be  obtained  without  much  trouble  in  the  form  of  silky 
needles  radiating  from  nuclei.  It  is  generally  advisable  to  dissolve 
the  crystals  in  alcohol  and  boil  with  animal  charcoal  for  an  hour  or 
two  and  then  recrystallise  several  times.  The  crystals  are  sticky  to 
the  touch  and  melt  at  74 — 75°.  In  absolute  alcohol  (c  =  2,  ^  =  200  mm., 
t  =  19-5°)  the  observed  rotation  was  -2-843°,  whence  [a]{?'''- 71-08°, 
and  [M]l»-^°- 302-4°. 

0-2939  gave  0-7244  CO.^  and  0-2644  Ufl.     0  =  6721  ;  H  =  10-0. 
0-2384    „     0-5908  COg   „     0-2120  HgO.     C  =  6759  ;  H  =  988. 
Cg^H^gOg  requires  0  =  67-61  ;  H  =  9-86  per  cent. 

Molecular  weight  determinations  carried  out  in  benzene  and  ethylene 
bromide  gave  the  following  results  : 


Benzene.     Coi 

istant  =  50. 

Substance. 

Solvent. 

A. 

M.  W. 

01596 

11  045 

0-161 

448-7 

0-2698 

10-964 

0-276 

445-8 

0-8850 

10-833 

0-391 

452-5 

Ethylene  Bromide. 

Constant  = 

=  118. 

01663 

28-669 

0i4(> 

459-4 

0-3766 

28-669 

0-349 

4441 

CjiH^Oj  requires  M.  W.   =  426-0 

These  numberH  show  evidence  of  only  slight  association,  and  together 
with  the  analyseH  leave  no  doubt  as  to  the  identity  of  the  substance. 
Further  proof  is,  however,  furniKhed  by  the  fact  that  a  specimen  of  the 
compound  obtained  from  methyl  tartrate  instead  of  from  the  ethyl 
ester  was  found  to  be  identical  in  melting  point  and  rotation  with  the 
foregoing  preparation,  thus  conclusively  proving  the  presence  in  the 
molecule  of  two  menthyl  groups. 

fn  order  to  ascertain  whether  tlio  process  of  preparation  hnd   in  any 


OPTICAL  SUPERPOSITION.      PART   I.  87 

way  affected  the  rotation  of  the  menthol  used,  a  small  quantity  of  the 
ester  was  decomposed  by  boiling  with  dilute  caustic  soda  solution,  and 
the  menthol  obtained,  after  shaking  with  water  and  caustic  soda  solu- 
tion, dried,  and  distilled  under  diminished  pressure.  When  dissolved 
in  absolute  alcohol  and  examined  in  the  polarimet^r,  it  gave  for 
c^ 4-51 12,  [a]}?  -49-21°.  The  original  value  for  the  same  concen- 
tration was  [aJiT  -49-88°;  the  slight  difference  between  these 
numbers  was  doubtless  due  to  imperfect  purification  of  the  small 
quantity  of  menthol  recovered. 

The  rotation  of  this  menthyl  tarti*ate  was  then  determined,  and  on 
account  of  the  fact  that  it  remains  supercooled  for  a  long  time  the 
observations  could  be  extended  far  below  the  melting  point. 

notation   qf  \-M«nthyl  ^-Tartrate. 


t,            «j;(40mui.).         Deiuity. 

[<• 

[Mt 

1 00*               -24-6r               0-W20 

-  62  02' 

-2M-r 

76                  25-60               1-0117 

63-26 

269-6 

67-6                26  05                1-0176 

64  00 

•272-6 

617                26  27                1-0220 

64-26 

273-7 

67-2                26-49                1-0266 

64-58 

275  1 

50  1                26  84                10S12 

6608 

277  2 

39  3               27  25               1-0897 

66-62 

279-1 

•20-7                28  09                1-0540 

66  68 

•2>:iy 

8-5                "28  58                1-0686 

67-18 

-286  -2 

5-5                -28-75                1-0660 

67-42 

-287-2 

DeruittM  Determined: 

Temperature 80°            100° 

184-8° 

168° 

Density                          10110       0 -99-20 

0-9654 

0-9436 

As  has  already  been  mentioned,  an  idea  of  the  effect  of  each  of  the 
two  active  radicles  in  a  compound  such  aa  the  above  can  only  be 
obtained  from  analogy  with  the  behaviour  of  other,  simpler  substances. 
The  figures  in  the  table  must  therefore  be  compared  with  the  rotation 
data  of  compounds  of  tartaric  acid  with  inactive  radicles  on  the  one 
hand  and  of  menthol  with  inactive  radicles  on  the  other. 

The  behaviour  of  a  few  tartaric  esters  as  regards  variation  of  rota- 
tion with  change  of  temperatui-e  is  known  fairly  completely  (compare 
Trans.,  1904,  85,  766),  but  although  a  considerable  number  of  menthyl 
esters  have  been  prepared,  notably  by  Tschugaeff  (5<r.,  1898,  31,  364), 
the  influence  of  t^mperatui-e  change  on  their  rotations  does  not  appear 
to  have  been  investigated.  In  order,  therefore,  to  obtain  some  informa- 
tion on  this  point,  a  specimen  of  menthyl  acetate  was  prepared  from 
menthol  and  acetyl  chloride  and  distilled  several  times  in  vacuo,  the 
last  distillation  being  performed  with  a  Hempel  tube.    * 

The  boiling  point  of  the  specimen  used   was  very   steady  at    116° 
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(bath,  182 — 185°;  22  mm.  pressm'e).    The  substance  was  examined  in 
the  polarimeter  with  the  following  i-esults  : 

Rotation  of  \-Menthyl  Acetate. 


t.            a^(40nim.).          Density. 

K- 

m':- 

13-0°            -29-637°               0-9307 
16-6                 29-488                 0-9278 
36-9                 28-848                 0-9115 
53-0                 28-408                0  8981 
67-1                 27-963                0  8865 
98-1                27-071             .    0-8612 

-79-61' 
79-46 
79*12 
79-08 
78-86 
78-59 

-157-6' 
157-3 
156-7 
156-6 
156-1 
155-6 

Densities  Deteivnined : 

Temperature 15°           26-2° 

Density 0-9292       09201 

46-8° 
0-9034 

80-45'' 
0-8756 

From  these  numbers,  the  value  -  157-35°  is  found  for  the  molecular 
rotation  at  20^,  whilst  Tschugaeft'  {lac.  cit.)  gives  -  157-25°.  Although 
these  values  agree  very  well,  it  may  be  noted  that  our  number  for 
observed  rotation,  -  73-5°  (<  =  20°,  ^=  100),  is  somewhat  higher  than 
his  ( -  72-95°),  and  this  is  also  the  case  with  the  density.  We  fiiid 
£i20°/4°  =  0-9251,  whilst  TschugaefE  gives  cZ20°/4°=  0-9185.  We  have 
determined  the  density  of  two  quite  different  preparations  with  the 
same  result  in  each  case. 

The  rotation  of  ^menthyl  acetate  is  but  little  influenced  by  change 
of  temperature,  and  it  is  affected  in  the  same  manner  as  is  the  rotation 
of  the  tartaric  esters.  By  extrapolation  from  the  data  given  in  the 
table,  the  value  -  157*9°  is  obtained  for  the  molecular  rotation  at 
0°and  -155*6°  at  100°. 

If  now  the  numbers  for  menthyl  acetate  and  menthyl  tartrate  are 
compared  with  those  for  menthol  itself,  it  will  be  noticed  in  the  first 
place  that  the  maximum  negative  rotation  observed  in  the  case  of  the 
last  named  is  not  apparent  in  either  of  the  esters. 

Menthol  suffers  very  little  alteration  of  rotation  with  variation 
of  tem|)erature.  Between  60°  and  100°,  the  molecular  rotation  only 
changes  by  0*7'^.  The  change  of  rotation  of  the  acetate  is  also  but 
Hlight,  namely,  -2*3°  between  0°  and  100°.  in  the  case  of  the 
tartrate,  however,  the  change  is  much  greater,  namely,  23 -5°  (from 
-  288°  at  0°  to  --  264*5°  at  100°),  and,  arguing  from  analogy,  the  part  of 
thiH  variation  duo  to  the  two  menthyl  groups  should  bo  about  twice  as 
great  as  in  tljo  acetate,  4  6°,  so  that  the  remaining  18*9°  would  be 
due  to  the  tartaryl  radicle,  a  value  which  agrees  as  closely  as  could  be 
expected  with  those  for  the  same  changes  in  methyl,  ethyl,  and 
7t-propyl  tartrateH,  namely,  11°,  16-9°,  and  15*85°  (Trans.,  1904,  86, 
768). 
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As  regards  the  absolutre  value  of  the  rotations,  it  may  be  noticed  that 
the  substitution  of  an  acetyl  group  for  the  hydrogen  atom  of  the 
hydroxyl  group  in  menthol  lowers  the  rotation  very  considerably — 
from  -  77-22°  to  - 157-35''  at  20°.  Now  it  lias  been  found  by 
Tschugaeff  {Ber.,  1898,  31,  364)  that  the  substitution  of  other 
homologous  groups  in  place  of  acetyl  in  menthyl  acetate  is  prac- 
tically without  effect  on  the  molecular  rotation  of  the  resulting 
compounds.  But,  as  has  just  been  shown,  the  molecular  rotation 
of  menthyl  tartrate  at  20°  is  -  284°,  and  is  due  partly  to  the  two 
menthyl  residues  and  partly  to  the  tartaryl ,  radicle  joining  them. 
These  two  components  will  be  opposed  to  each  other,  since  tartaric 
esters  cuutaiuing  inactive  alkyl  groups  have  at  20°,  so  far  as  is 
known,  positive  rotations.  The  rotatory  effect  due  to  the  two  menthyl 
groups  in  menthyl  tartrate  must  therefore  be  greater  than  -  284°,  and 
must  thus  have  a  value  appi*oximating  to  twice  the  rotation  of  menthyl 
acetate.  This  would  seem  to  indicate  that,  in  spite  of  the  considerable 
difference  of  composition,  the  group  -CO'CH(OH)-,  consisting  of 
half  the  tartaryl  radicle,  has,  when  substituted  for  the  hydroxylic 
hydrogen  of  menthol,  an  optical  value  much  the  same  as  that  which 
is  common  to  acetyl,  H-propyl,  and  »»-butyl. 

\-M9ntfiyl  Duiceti/l-d4arirtU9. 

This  substance  was  prepared  by  heating  menthyl  tai-trate  with  excess 
of  acetyl  chloride  for  2  to  3  hours.  The  undecomposed  acetyl  chloride 
was  then  distilled  off  and  the  viscid  residue  shaken  with  dilute  sodium 
carbonate  solution  and  then  with  water.  After  being  recrystalUsed 
several  times  from  dilute  alcohol,  the  ester  melted  at  84  5°. 

We  had  occasion  at  a  later  period  to  make  another  preparation  of 
this  compound,  and  the  crystallisation  was  started  by  sowing  in  a  few 
particles  of  the  original  specimen.  The  melting  point  of  the  product 
was  found,  however,  to  be  108°.  The  melting  point  of  the  first  sample 
— which  had  been  left  in  a  stoppered  bottle  for  some  months — was 
then  redetermined  and  found  to  be  also  108°.  The  rotation  had 
nevertheless  remained  unaltered. 

In  order  to  verify  these  observations,  a  third  specimen  of  the  acetyl 
derivative  was  made,  using  freshly-prepared  menthyl  tartrate.  After 
the  acetyl  chloride  had  been  distilled  off,  the  crude  product  was  treated 
as  in  the  first  case.  The  solid  obtained  melted  at  84°.  A  little  of 
this  substance  was  then  melted  on  a  spatula  and  allowed  to  cool,  and 
a  few  small  crystals  of  the  preparation  melting  at  1 08°  mixed  with  it. 
The  glassy  substance  obtained  was  powdered  on  porous  plate.  On 
heating,  it  appeared  to  soften  at  about  50°,  and  then,  as  the  tempera- 
ture rose,  it  became  opaque  again  and  finally  melted  at  106 — 108°. 
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^-Menthyl  diacetyl-rf-tartrate  therefore  exists  iu  two  crystalline 
forms,  as  is  also  the  case  with  methyl  tartrate  (Trans.,  1904,  85,  765). 

The  original  preparation  in  absolute  alcoholic  solution  of  c  =  2 
gave  a  i-otation  of  —204°  in  a  200  mm.  tube  at  15°,  whence 
[a]U°-51-0°and  [M]l?°-260  1° 

0-2608  gave  0-6259  COg  and  0-2079  Hp.     C  =  65-45 


0-2467 


0-5927  COo 


0-1981 


H^O. 


0  =  65-52 


H  =  8-86. 
H  =  8-92. 


CggH^gOg  requires  C  =  65-88  ;  H  =  9*02  per  cent. 

The  composition  of  this  substance  was  farther  verified  by  prepara- 
tion and  analysis  of  the  chloroacetyl  derivative  of  menthyl  tartrate 
(see  p.  42)  and  by  the  following  molecular  weight  determinations  : 


Solvent : 

Benzene. 

Constant  =  50, 

M.  W. 

=  510. 

Substance. 

Solvent. 

Concentration. 

A. 

M.  W 

0-0414 

7-537 

0-549 

0-054 

508-5 

0-3488 

7-537 

4-63 

0-487 

475-2 

0-6213 

6-805 

9-00 

1-014 

455-0 

0-9137 

7-798 

11-72 

1-347 

435-0 

10127 

6-805 

14-88 

1-755 

424-0 

1-3666 

7-798 

17-52 

2-117 

414-0 

According  to  these  numbers,  the  molecular  weight  diminishes  with 
increasing  concentration,  which  may  perhaps  be  due  to  combination  of 
solvent  and  solute.  Somewhat  similar  cases  have  been  observed  by 
Kahlenberg  and  Lincoln  (Jour.  Physical  Cfiem.,  1899,  3,  19  ;  Chem. 
Centr.,  1899,  i,  810)  and  Walker  (Trans.,  1904,  85,  1110). 

Polarimetric  examination  of  the  ester  gave  the  following  numbers  : 


Rotation  of  \-Menihyl  Diaceti/f-d-tarirate. 


t. 

99-2' 

73-2 

68-9 

62-1 

69-9 

46-8 

89-8 

26-6 

14-4 

20  0 


aj  (40  mm. ).  Density. 


-17 
18 
18 
19 
19 
19 
20 
20 
21 


•720' 
-700 
-873 
•102 
-837 
-870 

198 
■766 

868 


-9916 
•0100 
•0130 
-0180 
-0195 
-0292 
-0342 
-0434 
-0622 


i<- 


-68° 

•29 

-57 

-91 

-42 

-27 

•83 

•78 

-76 

-28 


-227 
236 
237 
239 
241 
246 
249 
253 
258 
266 


DenaitUa  determined: 


Ttmperttui*. 


mpen 
nuty 


115" 
0-9804 


Interpolated. 


158-6' 
0-9494 
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Witli  regard  to  these  numbers,  little  chu  be  said,  inaMiuuch  a»« 
other  data  with  which  they  might  be  compared  are  tscarce.  Ethyl 
diacetyl tartrate  appears  to  be  the  ouly  diacetyl  ester  the  rotation  of 
which  has  been  investigated  as  regards  temperature  change,  and  it,  in 
its  optical  l>ehaviour,  seems  in  most  ix)int8  to  \ie  related  to  ethyl  tar- 
trate in  just  the  opposite  way  to  that  in  whicli  monthyl  diacetyl- 
tartrate  is  related  to  menthyl  tartrate. 

Thus  the  molecular  rotation  of  ethyl  tariralf  is  greater  ut  U'lupera- 
tures  between  0""  and  100^  than  that  of  the  diacetyl  derivative.  It 
might  therefore  be  expected  that  the  diacetyl-menthyl  compound  would 
have  a  greater  negative  rotation  than  menthyl  tartrate,  which  is  not 
the  case.  Again,  the  temperature-coelticient  of  ethyl  diacetyltartrate 
is  less  than  that  of  ethyl  tartrate,  whilst  for  the  menthyl  esters  the 
opposite  holds. 

Some  explanation  of  this  may  be  obtained,  however,  from  the 
following  table,  in  which  such  data  aa  are  available  regarding  the 
influence  of  the  substitution  of  acetyl  groups  are  collected  : 

Simple    Tartaric  £ist«rs.     Diacetyl  D«r%vaiive*. 

Methyl [MJiT     4-3-68°.»         [M]i?    -37-28^  t 

(in  alcohol  e  =  3'566)* 

Ethyl   [M]r  +15-95^.*         [MJJT    +9-9''.| 

n-Propyl  ...     [M]^  +29-67^.*         [MJJT  +42-93° § 
«-Butyl     ...     [M]r  [M]jg^  +61-59«.|| 

It  will  be  observed  that,  although  in  the  methyl  esters  the  rotation 
of  the  acetyl  derivative  is  much  lower  than  that  of  the  simple  ester, 
the  difference  in  the  case  of  the  ethyl  esters  is  considerably  less,  whilst 
in  the  propyl  compounds  the  acetyl  derivative  has  the  greater  rotation. 
Unfortunately,  although  Freundler  has  examined  the  rotation  of 
n-butyl  diacetyltarti*ate,  he  has  not  recorded  the  rotation  of  the  simple 
ester,  and  therefore  this  point  can  only  be  imperfectly  discussed.  It 
appears,  however,  that  as  the  alkyl  radicle  increases  in  weight  the 
difference  between  the  rotations  of  corresponding  substances  dimin- 
ishes, and  finally  the  rotation  of  the  acetyl  compound  becomes 
greater  than  that  of  the  parent  ester,  and  since  the  menthyl  radicle 
is  of  considerable  size  it  would  naturally  be  expected  to  resemble 
the  propyl  group  rather  than  the  methyl  group. 

As  there  is  not  much  difference  between  the  analytical  numbers  for 
the  mono-  and  di- acetyl  derivatives  of  menthyl  tartrate,  l-mentht/l  di- 

*  Patterson,  Trans.,  1904,  85,  766.     f  Pictet,  Jahresber.,  1882,  856. 

X  Patteison  and  McCrae,  Ti-ans.,  1900,  77,  1098. 

6  Compt.  reiid.,  1893,  117,  556.  Freundler,  Uompt.  rtnd.,  1892,  115,  509. 
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monochloroacetyl-d-tartrate  was  prepared  with  the  object  of  verifying  the 
composition  of  the  acetyl  derivative.  It  has  been  shown  (Frankland 
and  Patterson,  Trans.,  1898,  73,  185)  that  whereas  two  acyl  groups 
can  be  introduced  into  the  methyl  and  ethyl  tartrate  molecules  by  the 
action  of  mono-  and  di-chloroacetyl  chlorides,  only  one  acyl  group  is 
introduced  by  trichloroacetylchloride.  It  is  probable,  therefore,  that 
chloroacetyl  chloride  acts  less  readily  than  acetyl  chloride,  so  that  if 
the  former  yields  a  diacyl  derivative  (which  can,  of  course,  be  very 
definitely  determined  by  a  chlorine  estimation)  the  latter  must  yield  a 
diacyl  compound  also. 

The  substance  obtained  by  the  action  of  chloroacetyl  chloride  on 
^-menthyl  (i-tartrate  was  crystallised  several  times  from  methyl  alcohol. 
It  melted,  rather  indefinitely,  at  99 — 102°. 

0-2310  gave  O'l  142  AgCl.     CI  =  12-23. 

CggH^^OgClg  requires  CI  =  12-25  per  cent. 

Polarimetric  examination  of  the  compound  in  absolute  alcoholic 
solution  gave  the  following  results:  c=l;  Z=200mm. ;  t  =  \9°, 
observed  rotation^  -0-85°,  whence  [a]i?°- 42-5°  and  [M]l»°- 246-1°. 

This  investigation  is  at  present  being  extended  in  other  directions. 
The  results  so  far  obtained  may  be  summarised  as  follows  : 
,  (1)  Menthyl  acetate,  menthyl  tartrate,  and  menthyl  diacetyltar- 
trate  have  been  prepared,  and  their  rotations  examined  between  0°  and 
100°  and  compared  with  each  other  and  witli  that  of  menthol  between 
the  same  temperatures. 

(2)  Menthyl  diacetyltartrate  is  dimorphous,  one  modification  melt- 
ing at  84-5°  and  the  other  at  108°. 

(3)  It  has  been  found  that  for  menthol  there  is  a  temperature 
(58 — 59°)  of  minimum  rotation  (maximum  negative  rotation),  but  no 
Buch  temperature  has  been  observed  for  its  derivatives. 

(4)  It  seems  possible,  reasoning  by  analogy,  to  trace  the  separate 
effects  of  the  different  active  groups  composing  menthyl  tartrate  and 
its  diacetyl  derivative. 

In  conclusion,  tlio  authoi-s  desire  to  acknowledge  thoir  indebted- 
ness for  grants  from  the  Government  Fund  of  tl»e  Royal  Society 
and  from  the  Chemical  Society  Research  Fund,  which  defrayed  the 
expenses  of  this  investigation. 

Tub  UrnvBRsiTY,  Thb  Univeksity, 

Olahoow.  Lkeds. 
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VIII. — The  Available  Plant  Food  in  Soils. 

By  Hebbebt  Ikolk. 

CoNHiuEUAULB  attention  has  recently  been  devoted  by  agricultui*al 
chemists  to  the  methods  by  which  some  knowledge  of  the  amounts  of 
the  mineral  constituents  of  plant  food  pi-esent  in  soil  in  a  condition 
available  to  plants  might  be  acquired.  It  has  long  been  recognised 
that  estimations  of  tlie  total  quantities  of  phosphoric  acid,  potash,  and 
lime  present  in  a  soil  are  of  little  value  as  indications  of  its  fertility 
or  of  its  manurial  requirements. 

In  a  recent  paper  by  Hall  and  Plymen  (Trans.,  1902,81,  117),  a 
review  of  the  various  methods  proposed  for  the  estimation  of  the  avail- 
able phosphoric  acid  and  potash  is  given,  a«  is  also  a  oomparisoa  of  the 
results  obtained  by  these  methods,  with  the  known  manurial  needs  of 
several  soils  as  indicated  by  held  trials.  The^e  authors  tiud  that 
amounts  of  phosphoric  acid  and  potash  extracted  by  treatment  of  soils 
with  dilute  acids  are  much  more  closely  pi'oportioual  to  the  quantities 
present  in  an  available  condition  than  those  obtained  by  the  use  of 
strong  hydrochloric  acid.     They  at  the  same  t'  it  that  no  sharp 

liiie  of  distinction  can  be  drawn  between  the  avi  ud  non-available 

phosphates  and  potash,  and  that  every  method  tried  gave  empirical 
results.  They  finally  conclude  that  of  all  the  methods  used  : — (1)  extrac- 
tion with  a  1  per  cent,  solution  of  citric  acid,  (2)  with  e«iui  valent  quantities 
of  hydrochloric  acid  and  acetic  acid,  (3)  with  a  saturated  solution  of  car- 
bonic acid,  and  (4)  with  an  ammoniacal  solution  of  ammonium  citrate, 
tlie  first  named  gave  results  most  in  agreement  with  the  actual  relative 
fertility  of  the  soils. 

This  i)articular  strength  of  citric  acid  solution  was  apparently 
first  suggested  by  Stutzer  {Cfiem.  Centr.,  1884,  6,  329;  Abstr., 
1885,  48,  439)  as  a  solvent  for  extracting  the  "available"  phos- 
phates  from  manui*es,  instead  of  the  usual  ammonium  citrate  solu- 
tion. The  method,  the  value  of  which  as  applied  to  manures  waa 
confirmed  by  Thomson  (Abstr.,  1886,  50,  392),  was  recommended  by 
Dyer  (Trans.,  1894,  65,  115)  for  estimating  the  available  mineral 
plant  food  in  soils.  Dyer  was  led  to  use  a  1  per  cent,  solution  of  citric 
acid  from  the  results  of  the  determinations  of  the  average  sap  acidity 
of  the  roots  of  a  large  number  of  plants.  He  showed  by  an  applica- 
tion of  the  method  to  the  barley  soils  of  the  Hoos  Field,  Rothamsted, 
that  its  indications  were  endoi^sed  by  the  results  of  actual  field  trials. 
Subsequent  experience  has  confirmed  the  value  of  the  process,  which  is 
now  largely  used  in  soil  analysis  under  the  name  of  *'  Dyer's  method." 

It  occurred  to  the  writer  that  the  growth  of  plants  in  soil  from 
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which  the  available  phosphoric  acid  and  potash  had  been  extracted  by 
Dyer's  method  might  afford  useful  infox^mation.  So  far  as  he  can 
ascertain,  no  experiments  on  these  lines  have  been  made.* 

Preparation  of  the  Soil. 

About  three  hundredweights  of  soil  from  an  arable  field  at  the 
Garforth  Experimental  Farm  were  taken  in  February,  1901,  to  a 
depth  of  six  inches  and  sent,  to  the  laboratory  by  rail.  The  soil  was 
air-dried  on  a  clean  concrete  floor  for  about  a  week  with  occasional 
stirring.  It  was  then  sifted  through  a  sieve  with  quarter-inch  square 
meshes  and  the  fine  portion  preserved  in  a  cask.  This  air-dried  soil 
lost  11*6  per  cent,  of  moisture  when  heated  in  the  steam  oven. 

A  portion  of  the  soil  was  extracted  with  a  1  per  cent,  solution  of 
citric  acid,  exactly  as  in  Dyer's  method.  The  extraction  was  performed 
in  a  large  tin  cylinder  provided  with  a  finely  perforated  double  false 
bottom ;  between  the  two  metal  plates,  a  piece  of  fine  linen  cloth  was 
placed  and,  by  means  of  a  filter  pump  attached  to  a  tubulure  in  the 
cylinder  below  the  false  bottom,  the  extract  could  be  filtered  off. 
Filter  paper  was  first  tried,  but  the  cloth  was  found  to  be  much  more 
serviceable.  The  cylinder  was  fitted  with  a  rotatory  wooden  stirrer 
driven  by  a  water  motor. 

By  means  of  this  apparatus,  ten  kilograms  of  soil  could  be  treated 
with  a  hundred  litres  of  citric  acid  solution  at  a  time.  Allowance  was 
made  for  the  water  contained  in  the  air-dried  soil.  At  each  extraction, 
the  stirrer  was  kept  running  night  and  day  for  seven  days,  and 
periodically  a  quantity  of  the  liquid  from  below  was  drawn  off  and 
added  at  the  top  so  as  to  maintain  the  uniformity  of  the  concentration 
of  the  liquid.  After  each  extraction,  the  clear  liquid  was  removed 
from  below  by  means  of  the  filter  pump,  an  operation  which  took 
about  two  days,  and  the  soil  washed  five  or  six  times  with  distilled 
water.  The  soil  was  then  drained  as  tlioroughly  as  possible  by  suction, 
removed  from  the  apparatus,  and  dried.  By  repeating  this  operation 
four  times,  about  thirty-three  kilograms  of  dried,  extracted  soil  were 
obtained.  This  was  well  mixed  together  in  order  to  secure  uniformity, 
and  used  in  the  pot  cultures.     The  soil  was  taken  from  the  field  and 

•  Since  thU  account  was  written,  a  paper  by  Siiderbaum  has  appeared  {KuikjI. 
Landlbruka-Akadeiniena  handlimjar  oek  tidskrift,  1903,  103 — lOG  ;  Bird.  Centr., 
1903,  82,  795 — 798),  describing  the  results  obtained  by  growing  barley  in  soils 
whidi  liiid  previoUNly  been  extracted  for  forty-eight  hours  with  a  2  per  cent,  solu- 
tion of  hydrochloric  acid  at  the  ordinary  temperature.  The  results  show  that  such 
•oil  is  incftpabU  of  aupporting  plant  life,  but  that  the  addition  of  culciuni  carbonate 
in  a  great  measure  restores  its  fertility.  Neither  analyses  of  the  soil  or  crops  nor 
determinations  of  the  amounts  of  phosphoric  acid  and  potash  removed  by  the  acid 
treatment  are  given  in  this  paper. 
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the  extraction  made  in  the  early  spring  of  1901  and  the  plants  were 
grown  in  the  same  year,  but  the  pot  cultures  were  repeated  with  more 
care  iu  1902. 

The  original  soil  was  analysed  with  the  following  result : 


Per  cent. 

Stoues  removed  by  3  niui.  sieve  2 "27 

The  fine  soil  contained  : 

Moisture 377 

Loss  on  ignition    6'63 

(containing  nitrogen,  0"259 
per  cent. ). 

Silica  and  insoluble  matt«r 80'30 


Per  ceat 

Ferric  oxide  and  alumina    6*64 

Lime   0"81 

Magneaia    O'Sl 

Phocphorua  {tentozide  .^ 0*16 

Potash 014 

Not  determined 1"24 

100-00 


On  treating  the  soil  for  seven  days  with  a  1  per  cent,  solution  of 
citric  acid,  the  following  constituents  were  extracted  : 


Per  cent. 

Potash     0-0110 

Phosphoric  oxide  0-Ot52 


Lime    . . . 
Nitrogen 


Per  eent. 

0-558 
0011 


The  soil  which  had  been  extracted  with  citric  acid  was  lighter  in 
colour  aud  somewhat  more  coherent  than  the  original  soil. 

In  order  to  lessen  any  influence  on  the  plants  due  to  change  in  the 
physical  properties  of  the  soil  by  extraction,  both  the  extracted  aud  the 
original  soils  were  mixed  with  ten  per  cent,  of  their  weight  of  coarse 
silver  sand,  which  was  freed  from  any  contained  plant  food  by  previous 
treatment  with  strong  hydrochloric  acid  and  thorough  washing  with 
water.  The  new  flower-pots  employed,  which  were  six  inches  in 
diameter,  were  extracted  before  use  for  at  least  an  hour  with  hydro- 
chloric acid  (one  of  strong  acid  to  four  of  water)  and  thoroughly 
washed.  The  broken  earthen wai-e  used  for  "  di-aiuage  "  at  the  bottoms 
of  the  pots  was  subjected  to  the  same  treatment  and  one  hundi-ed 
grams  were  used  in  each  pot. 


T/^e  ExperimmU  </  1901. 

These  investigations  were  vitiated  by  the  very  hot  weather,  the 
attacks  of  insect  pests,  and,  in  the  case  of  barley,  by  the  depredations 
of  sparrows.  They  are  briefly  described  because,  although  the 
examination  of  the  crops  was  not  completed,  the  qualitative  results 
may  be  of  some  interest. 

The  three  plants  selected  for  experiment  were  :  (1)  Barley  (Garton's 
'' Standwell") ;  (2)  Turnip  ("  Tweedale  Green  Globe");  (3)  Horse 
Bean  (variety  not  ascertained). 


Pot. 

1, 

la,  and  16 

2, 

2«,    „    26 

3, 

3a,    „    36 

4, 

4a,    „    46 

5, 

5a,    „    56 

6, 

6a,    „    66 

7, 

7a,    „     76 

8, 

8a,    „    86 
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Eight  pots  were  assigned  to  each  crop,  numbers  1  to  8  to  barley,  1  a 
to  8a  to  turnips,  and  16  to  86  to  beans. 

The  soil  allotted  to  each  pot  is  shown  in  the  following  table  : 

Soil. 
Original  soil. 
"Water- washed  soil. 

Extracted  soil  +  lime,  phosphate,  and  potash. 
Extracted  soil  +  lime  and  potash. 
Extracted  soil  +  lime  and  phosphate. 
Extracted  soil  only. 
Extracted  soil  +  lime. 
Extracted  soil  +  potash  and  phosphate. 

The  lime,  potash,  or  phosphoric  acid  restored  to  the  extracted  soil  in 
certain  of  the  pots  was  equal  to  that  removed  from  the  original  soil  by 
the  citric  acid  treatment.  The  lime  was  added  in  the  form  of 
precipitated  calcium  carbonate,  the  potash  as  potassium  nitrate,  and  the 
phosphoric  acid  as  sodium  phosphate.  The  two  latter  were  added  in 
aqueous  solution,  whilst  the  calcium  carbonate  was  well  mixed  with  the 
soil.  The  soils  were  moistened  from  below  with  distilled  water,  and  on 
June  4th  were  seeded. 

Seedlings  were  visible  in  all  the  barley  and  turnip  pots  by  the  10th 
of  this  month,  but  the  beans  were  not  all  up  before  the  18th. 

The  barley  and  turnip  seedlings  in  the  extracted  soil  (pots  6  and  6a) 
were  very  feeble  from  the  first,  and  the  turnips  in  6a  were  dead  on  the 
22nd.  Additional  seeds  were  sown  in  this  pot  on  the  19th,  and  as  it 
was  thought  that  the  death  of  those  fix'st  sown  might  be  due  to  lack  of 
nitrates,  about  0  15  gram  of  sodium  nitrate  was  applied  in  solution  to 
the  surface  soil  in  this  pot. 

In  the  case  of  the  turnips,  and  to  a  less  extent  with  the  barley,  tlu; 
signs  of  starvation  soon  showed  themselves  in  the  extracted  soil  (pots 
6  and  6a),  as  did  also  the  advantages  of  a  liberal  supply  of  plant  food 
(greatest  and  most  readily  available  being  in  pots  3  and  3a).  With 
beans,  these  differences  were  not  so  apparent  in  the  early  stages  of 
growth,  although  they  became  so  later. 

Unfortunately,  the  tin-nips,  and  to  a  less  extent  the  beans,  suffered 
BO  much  from  the  attacks  of  aphides,  and  the  barley  was  so  damaged 
by  sparrows,  that  it  was  deemed  inadvisable  to  expend  the  time  and 
labour  necessary  for  their  analysis. 

With  beans,  the  following  are  the  weights  of  the  air-dried  plants 
(without  roots)  at  the  on<l  of  thoir  growth  ; 


INQLE:   THE   AVAILABLE   PLANT   FOOD   1\   SOILS.  47 

Pot.  Weight  in  grams.  Pot.  Weight  in  grams. 

U 5-305  56  20-441 

26 12-385  66 1047 

36 26-385  76 1454 

46  not   recorded  86 17-975 

With  barley,  less  differences  were  shown,  except  with  pot  6,  the  dry 
weight  of  the  whole  plants  in  this  pot  being  about  one-seventh  of  that 

of  the  others. 

Summary  qf  the  1901  Exptriintnts. 

The  following  general  conclusions  may  be  drawn  : 

(1)  In  soil  treated  for  seven  days  with  ten  times  its  weight  of  a 
1  per  cent,  solution  of  citric  acid,  the  growth  of  plants  is  greatly 
hindered,  especially  at  first,  and  the  total  produce  is  very  small. 

(2)  The  restoration  of  an  amount  of  potash  and  phosphoric  acid,  in 
soluble  form,  equal  to  that  removed  by  the  citric  acid  treatment 
enables  the  extracted  soil  to  yield  a  larger  crop  than  could  be  obtained 
from  the  original  soil.  In  other  words,  the  restored  plant  food  is  more 
"available  "  than  that  originally  present. 

(3)  Extraction  with  a  I  per  cent,  solution  of  citric  acid  for  seven 
days  does  remove  from  a  soil  at  least  the  greater  portion  of  the 
"  available  "  potash  and  phosphoric  acid.  In  this  connection,  it  must  be 
borne  in  mind  that  the  available  mineral  plant  food  in  a  soil  is  being 
continually  renewed  by  processes  of  weathering,  and  that  even  if  its 
quantity  were  absolutely  nil  at  the  commencement  of  the  experiment, 
it  would  not  remain  so,  but  would  increase  by  the  action  of  moisture 
and  air  on  the  mineral  matter. 

Another  weakness  of  the  method  is  also  realised,  namely,  that  the 
bacteriological  condition  of  the  soil  may  be  affectetl  by  the  treatment, 
and  this  may  have  an  effect  on  the  growth  of  the  plants.  How  far  the 
results  are  affected  by  this  influence,  the  writer  is  unable  to  say. 

The  Experiments  qf   1902. 

In  1901,  the  plants  had  to  be  grown  at  Garforth,  at  some  distance 
from  the  laboratory,  and  considerable  difficulty  was  experienced  in 
properly  attending  to  them.  In  1902,  advantage  was  taken  of  the 
offer  of  one  of  the  writer's  students,  Mr.  W.  H.  Dobson,  lo  undertake 
the  personal  supervision  of  the  growth  of  the  plants  at  Stapleton  Park 
Gardens,  near  Pontefract.  Mr.  Dobson,  who  is  an  experienced 
horticulturist,  took  the  greatest  care  of  the  plants,  and  when  he 
i-eturned  them  at  the  end  of  their  growth  they  were  in  perfect 
condition,  not  a  leaf  being  deranged  on  any  of  them. 
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In  this  investigation,  parallel  growths  of  barley  and  beans  were 
made  in  the  original  soil  and  in  the  citric  acid  extracted  soil.  In  each 
case,  the  soil  was  mixed  with  10  per  cent,  of  its  weight  of  white  sand 
which  had  been  thoroughly  extracted  with  hydrochloric  acid,  as  in  the 
previous  year's  experiments.  The  pots  used  and  the  earthenware 
employed  for  "  drainage "  were  also  treated  with  acid  and  well 
washed. 

Eight  pots  were  used,  four  for  barley  and  four  for  beans.  Pots  1,  2, 
5,  and  6  contained  the  original  soil  to  which  10  per  cent,  of  washed 
sand  had  been  added ;  pots  3,  4,  7,  and  8  held  a  mixture  of  the  citric 
acid  extracted  soil  with  10  per  cent,  of  sand. 

Each  pot  held  1475  grams  of  the  mixture  of  soil  and  sand.  As  it 
was  thought  that  the  extraction  and  washing  of  the  soil  might  affect 
the  early  growth  of  the  plants  by  the  removal  of  nitrates,  the  contents 
of  all  the  pots  were  moistened  with  distilled  water  containing  10 
grains  of  ammonium  nitrate  to  the  gallon  (0'143  gram  per  litre). 

On  May  2nd,  when  the  soil  was  thought  to  be  in  a  suitable  condition 
as  to  moisture,  barley  was  planted  in  pots  1,  2,  3,  and  4.  The  next 
day,  beans  were  planted  in  pots  5,  6,  7,  and  8.  The  plants  were  sub- 
sequently watered  as  required  with  distilled  water. 

From  notes  taken  by  Mr.  Dobson,  the  following  are  the  chief 
points  observed  with  respect  to  the  growth  of  the  plants : — 1.  With 
the  comparatively  small  seeds  of  barley,  the  appearance  of  the  seed- 
lings above  the  ground  was  considerably  retarded  in  the  extracted 
soil,  the  dates  at  which  the  young  plants  were  first  visible  in  the 
various  pots  being : 


May    9  th  in  Pot  No.  1,  that  is,  7  days  after  sowing. 
May  10th         „       „    2,       „        8 
May  14th         „       „    3,       „      12         „ 
May  15th         „       „    4,       „      13 


In  the  case  of  the  beans,  witli  their  larger  .seeds,  no  such  effect 
was  noted,  .seedlings  appearing  on  May  22nd  in  Pots  5  and  8  and  on 
May  23r(l  in  Pots  6  and  7.  This  is  doubtless  due  to  the  growth 
of  the  barley  being  more  dependent  on  an  early  supply  of  nutri- 
ment from  thr  Koil  than  that  of  tlie  beans,  the  larger  seeds  of  which 
Mupply  nourishniont  to  the  young  plant  for  a  longer  period. 

2.  With  both  barley  and  bcan.s,  the  inferiority  of  the  plants  in  the 
extracted  boII  wer  groatesi  (hiring  the  early  periods  of  growth  and 
became  Ioah  marked  in  the*  later  stagen,  probably  because  the  changes 
in  the  extracted  noil   would  gradually  render  available  Home  of    the 
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mineral  matter  originally  preseat  in  an  unavailable  condition.  The 
following  tal>le  gives  the  average  height  of  the  barley  plants  in  each 
poL  at  the  various  dates : 


Date.  Pot  1. 

June  20th 5*8 

July  4tli 12-8 

July  18th  16-2 

August  1st 20-0 

August  ir>th  V'l  0 


Aveitige  height  iii  iuche«. 


Pot  2. 

Pot  3, 

Pot  4 

4-9 

3-3 

106 

81 

18-3 

•Jo 

100 

21  0 

13-> 

14-« 

210 

155 

Pot    1 


Original  soil.  Citric  acid  extractoj  soil. 

Plate  I. — BarUy,  1902  fxperimeiU. 


With  the  beans,  the  relative  progress  may  be  gathered  from  the 
following  table,  giving  the  height  in  inches  of  each  plant  at  the  various 

dates  : 

Pot  '..                    Pot  ti.  Pot  7.                  Pot  S. 

Date.                   a.       h.    Mean.     a.       b.    Meau.  a.       b.    Mean.     a.       h.    Mean. 

Juue  6th 1-5     2-3     19       lo     20     IS  10     1-3     12      2a     lo     20 

June  20th  9-0     —     90       7-0     6-5     6-8  4-5     3-0     3-8      6-0    5-0     h:> 

July  4th 19-3     50  121     183  U'O  166  7-8     4-8    6"?    ll'O    9-5  10-3 

August  15th  ...  37-0  160  265     SO'O  .30-0  300  17-0  170  170    210  16-0  18-5 

VOL.   LXXXVll.  E 
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It  is  to  be  noted  that  in  Pot  3  (barley  in  extracted  soil)  two 
of  the  four  plants  became  very  sickly  about  the  end  of  July,  and 
were   dead    on    August  1st,  and  that  one  bean  of    the  two    in   Pot 


Ori^iiiul  soil.  Extracted  soil. 

I'latk  II. — Beans,  1902  experivient. 


6  became  **  blind  "  in  June,  but  put  out  lateral  shoots  and  afterwards 
grew  vigorously. 

The  plants  were  photographed  on  October  8th,  by  which  date  they 
had  completed  their  growth  and  ripened  their  seed.  They  wore  kept  in 
the  laboratory  until  November  17th,  when  they  wore  cut  off  at  the 
surface  of  the  soil  and  preserved  for  analysis. 
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Analy$U  of  the  Plants. 

The  following  determinations  were  made  in  the  yield  from  each 
pot : 

Weight  of  the  whole  air-dried  plants.  Weight  of  silica  in  atraw. 

,,         seed.  ,,        phoaphorio  acid  in  straw. 

,,         Ktraw.  ,,        potash  in  straw. 

,,         dry  uiatter  in  straw.  ,,        pboephoric  acid  iu  SMd. 

,,         ash  in  Btmw.  ,,        jtotash  iu  seed. 

The  determinations  of  silica  are  not  very  accurate,  inasmuch  as  some 
of  the  lower  leaves  and  straw,  especially  in  the  case  of  beans,  wore 
contaminated  with  particles  of  soil  which  it  was  difficult  to  remoTO 
entirely.  The  chief  interest,  however,  attaches  to  the  amounts  of 
potash  and  phosphoric  acid  contained  in  the  plants. 

In  the  following  tables  are  given  the  data  for  each  pot,  the 
mean  amounts  for  the  two  pots  containing  original  soil  and  for 
the  two  containing  the  extracted  soil,  and  also  the  ratio  of  these 
means. 

Barley,   1902. 

Original  soil.  Extracted  soiL 

, • V  ^  *                   ^  Ratio 

Pot  1.     Pot  2.      Mean.  Pot  3.  Pot  4.  Mean,  of  mean*. 

Weight  of  whole  crop.     4*9060    53382    51221  1-9000  21250  2  0125  2  55:1 

„         straw   2-6276     2-9030     2  7653  12228  12101  1-2166  2-27:1 

grain    2  2784    2Ad5-i    23568  0-6772  0-9146  07959  2  95  :  I 

Number  of  grains 54            72           63           23  30           27  2  32:1 

Average  weight  of  one 

grain  0  0420    0  03-24     0  0372  0  0291  0  0305  0  0298  1-25:1 

In  tfte  wJiole  plant  : 

Phosphoric  acid    00206     00167     00187     00040     0-0051     0-0045     4-15:1 

Totash    0-0702     00662     00682     00188  !  —        360:1 

In  the  alratc  : 

Phosphoric  acid    00040  0  0020  '  0  0030  00012  0-0018  0-0015  2-00:1 

Potash    0-0548  00472     0-0510  00172  00267  0-0219  2-35  :  1 

Silica 01072  01168     0  1138  01-200  0-1046  01123  100:1 

Total  dry  matter 23263  2  5636    2  4449  11073  11808  1*1440  2  15:1 

Ash 0-2472  0-2345     02408  01780  0*1678  0*1729  1-40:1 

In  the  grain  : 

Phosphoric  acid    00166     00147     0-0157     0*00*28    00033    0  0031     4-75:1 

Potash    00154     00197     0-0172     0-0016         ?  —      110    :1 

The  weight  of  the  barley  grains  used  as  seed  in  each  pot  was  on  the 
average  0-0528,  the  total  weight  therefore  of  4  seeds  would  be  0-2112 
gram.  The  phosphoric  acid  contained  in  the  4  grains  would  amount  to 
000065,  the  potash  to  0*00009  gram. 

E  2 
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£eans,  1902. 
Original  soil. 

Pot  5.  Pot  6.  Mean. 

Weight  of  whole  crop.  14-2802  11-3890  12-8346 

straw   8-3312  73875  7-8594 

seed 5-9490  4-0015  4-9752 

Number  of  seeds  9  7             8 

Average  weight  of  one 

seed    0-6610  0-5736  0-6163     0-3260     0-2300     0-2780     2-2:1 

/?i  the  whole  plant : 

Phosphoric  acid    0-0341     0-0171     00256     0-0100     0-0089     0-0094     2-7:1 

Potash    ■. 0-1297     0-0848     0-1073     0-0465     0-0568     00516     2-1:1 


Extracted  soil. 

Ratio 

Pot  7.     Pot  8.      Mean. 
2-4444     2-7122     2-5783 
1-7924     2-2522     2-02-23 
0-6.520     0-4600     0  5560 
2              2              2 

of  means 
50  :  1 
3-9  :  1 
8-9  :  1 
4-0  :  1 

In  the  straw: 

Phosphoric  acid    0'0130  0-0082  0-0106  0-0042  0-0053  0-0047  2 

Potash    0-0928  0-0495  0-0711  0-0424  0-0545  00484  1 

Silica  0-0537  00750  0-0643  0-0474  0-0146  0*0310  2 

Total  dry  matter  7-1700  6-2662  6-7181  15622  1-9432  17527  3 

Ash 0-8538  0-7184  07861  0-1820  0-1770  0-1795  4 

In  the  seed  : 


2  :  1 

5  :  1 

1  :  1 

9  :  1 

4  :  1 


Phosphoric  acid    0-0211  0-0089  0-0150     0-0058     0-0036     0-0047     3-2:1 

Potash    0-0369  00353  0-0361     0-0041     0-0023     0  0032  11-3:1 

The   folio-wing    are    the  most  important    points    indicated    in  the 
foregoing  tables : 


1.   Weight  of  the  Whole  Air-dried  Crop. 

This  was,  in  every  case,  much  greater  in  the  pots  containing  the 
original  soil.  With  barley,  the  total  produce  of  Pots  1  and  2  amounted 
to  10*2442  grams,  that  of  the  t-wo  pots  containing  the  extracted  soil  to 
4*0250  grams,  these  numbers  being  in  the  ratio  of  2*55  to  1. 

In  the  case  of  beans,  the  difference  was  greater  ;  the  two  pots  of 
original  soil  yielded  a  total  crop  of  25*6692  grams,  whilst  the  two  pots 
of  extracted  soil  only  gave  5 "1566  grams,  these  numbers  being  in  the 
ratio  of  nearly  5  to  1. 

2.   Weight  of  the  Seed, 

The  barley,  126  seeds,  from  the  two  pots  of  original  soil  weighed 
4*7136  grams,  that  from  the  two  pots  of  extracted  soil,  53  seeds, 
1'6918  grams,  these  numbers  being  in  the  ratio  of  295  to  1,  With 
beans,  the  difference  in  yield  was  greater,  the  aggregate  weights  being 
9*9605  from  the  original  and  1*1120  from  the  extracted  soil,  a  ratio  of 
8*9  to  1. 

The  seeds  produced  in   the  original   soil  were  not  only  numerically 
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greater — barley,  126  against  53,  beans,  16  against  4 — but  the  average 
weight  of  the  individual  seeds  was  much  greater,  especially  in  the  cm6 

of  the  beans. 

3.   Th&  Amounta  of  Potaah  arui  Fko$phorie  Acid  in  tfie  Planta. 

This  was,  perhaps,  the  most  important  part  of  the  investigation. 
The  tables  sliow  that  the  barley  plants  were  able  to  abstrac-t  more 
than  four  times  as  much  phosphoric  acid  and  nearly  four  times  fta 
much  potash  from  the  original  soil  as  they  could  from  the  extracted 
soil. 

From  the  manner  in  which  the  barley  grew  in  the  extracted  soil,  it 
appeared  highly  probable  that  the  phospliatee  and  potash  were 
assimilated  mainly  in  the  later  periods  of  growth,  and  that  at  first 
the  plants  were  able  to  obtain  very  little  of  these  substancM  from  the 
soil. 

With  beans,  similar  results  were  obtained,  except  that  the  planta 
were  able  to  take  much  larger  quantities  from  the  soil,  especially 
from  the  extracted  soil. 

The  figures  in  the  table  show  that  the  beans  grown  in  the  original 
soil  contained  more  than  twice  as  much  potash  and  more  than  twice  as 
much  phosphoric  acid  as  those  grown  in  the  extracted  soil. 

It  would  thus  appear  that  beans  are  more  capable  than  barley  of 
readily  assimilating  both  potash  and  phosphates.  In  this  connection, 
it  is  well  to  remember  that  the  larger  store  of  plant  food  contained  in 
the  seed  of  the  bean  would  be  able  more  effectually  to  tide  the  young 
plant  over  the  early  period,  during  which  the  soil  was  unable 
to  supply  potash  and  phosphates,  than  would  be  the  case  with  the 
smaller  seeds  of  barley.  It  is  also  noteworthy  that  Dyer,  in  his  deter- 
minations  of  the  acidity  of  the  root  juices  of  various  plants,  found 
higher  values  for  Leguminosa  tlian  for  cereals  (Trans.,  1894,  66, 
133 — 134).     His  numbers  are  as  follows  : 

Sap  acidity. 


In  terms  of  hydrogen.  In  terms  of  citric  acid. 

Beans  (field  grown) 00159  1*11  percent. 

Barley  00054  0-38       „ 

After  the  conclusion  of  the  experiment,  the  soil  from  Pots  3,  4,  and 
7  (extracted  soil)  were  examined  by  Dyer's  method  for  available  pot- 
ash and  phosphoric  acid,  due  allowance  being  made  for  the  presence  of 
the  added  sand.  As  was  expected,  these  soils,  which  had  been  deprived 
of  their  available  plant  food  at  the  commencement  of  the  experiment, 
were  found  at  its  conclusion  to  contain  considerable  quantities  of  both 
potash  and  phosphates  soluble  in  1  per  cent,  solution  of  citric  acid. 
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The  numbers  were  as  follows  : 

Available  phosphoric  acid.  Available  potash. 

Pot  3  0-021  per  cent.  0-0147  per  cent. 

Pot  4.... 0-018       „  0  0147       „ 

Pot  7  0-010      „  0-0072       „ 

These  figures  show  that  by  the  chemical  change  which  went  on 
in  the  soil  during  the  growth  of  the  plants  large  quantities  of 
mineral  plant  food,  particularly  of  potash,  became  soluble  in  citric  acid 
solution.  In  fact,  the  amount  of  this  regained  "  available  potash  "  in 
the  case  of  the  barley  pots  exceeds  that  removed  by  treatment  with 
citric  acid  at  the  commencement  of  the  experiment  (0-0110  per  cent.). 

These  results  indicate  that  soils,  under  favourable  conditions  as  to 
moisture,  are  possessed  of  remarkable  recuperative  powers,  and  that  the 
renewal  of  the  available  plant  food  may  take  place  with  considerable 
rapidity. 

Summary. 

The  general  conclusion  to  be  drawn  from  the  results  of  this  investiga- 
tion is  that,  whilst  Dyer's  method  affords  a  satisfactory  means  of 
measuring  the  relative  amounts  of  available  plant  food  in  two  soils  at 
a  given  time,  it  may  not  accurately  gauge  their  relative  fertility, 
inasmuch  as  it  leaves  undetermined  the  relative  rapidity  with  which 
the  available  plant  food  is  renewed  by  the  processes  of  weathering 
and  decay.  However,  under  similar  climatic  conditions,  the  rate  will 
probably  be  approximately  the  same  for  most  soils. 

The  method,  therefore,  should  be  of  great  value  in  comparing  soils, 
the  conditions  of  which  as  to  climate,  (tc,  are  similar.  But  its  indica- 
tions might  lead  to  erroneous  views  as  to  the  relative  fertility  of  soils 
from  tropical  countries  when  compared  with  those  in  temperate 
climates,  since  in  the  former  a  smaller  amount  of  available  plant  food 
in  the  soil,  if  renewed  more  rapidly,  as  it  probably  is,  might  furnish  to 
the  plants  an  actually  greater  quantity  of  nutriment  than  would  be 
yielded  by  a  soil  containing  a  considerably  larger  amount  of  available 
food,  but  in  which  the  processes  by  which  the  unavailable  become 
available  went  on  more  slowly. 

Of  the  probable  truth  of  these  (conclusions,  the  writer,  from  a  coui- 
jparison  of  his  analyses  of  the  soils  of  the  Transviuil  with  those  of 
English  soils,  is  fully  jHirsuaded,  although  he  fully  realises  the  favour- 
ing influencoN  of  abundunt  sunshine  and  high  temperature  which  affect 
the  growth  of  plants  in  South  Africa,  and  whicli  help  to  explain  the 
fact  that  luxuriant  crops  are  yielded  by  soils  which,  on  analysis,  appear 
to  be  extreiiioly  deficient  in  plant  food. 
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IX. — The  Constitution  of  Nitrogen  Iodide. 

Jiy  Uhwald  Silbkkmad,  Ph.D. 

Since  its  discovery  in  1812  by  Courtois,  the  explosive  compound  pro- 
duced by  the  action  of  ammonia  on  iodine  has  been  repeatedly 
investigated,  with  a  view  to  establishing  its  chemical  constitution, 
but  many  of  the  results  given  in  the  older  cheuiical  litei-ature  have 
been  subsequently  shown  to  be  erroneous.  The  difficulties  expm- 
enced  by  all  workers  in  investigating  the  constitution  of  nitrogen 
iodide  are  mainly  due  to  the  extreme  sensitiveness  of  the  comjMund 
in  the  dry  state.  Originally,  the  compound  was  believed  to  be  simply 
an  iodide  of  nitrogen  containing  no  other  element.  Marchand  showed, 
however  (J.  jtr.  Chem.,  1840,  10,  1),  that  when  nitrogen  iodide  was 
detonated,  ammonium  iodide  was  one  of  the  products,  thus  proving 
the  presence  of  hydrogen.  By  combustion  over  heated  lead  chromate, 
he  showed  that  the  percentage  of  hydrogen  must  be  very  small. 

Bunsen  showed  {Annalen,  1852,  84,  1)  that  nitrogen  iodide  could 
l)e  prepared  from  ammonia  and  iodine  in  the  complete  absence  of  water, 
thus  proving  that  oxygen  was  not  present.  He  also  showed  that  the 
only  by-product  formed  was  hydrogen  iodide,  from  which  it  follows 
that  the  reaction  is  one  of  dii-ect  substitution,  and  that  nitrogen  iodide 
is  still  a  compound  of  the  ammonia  type. 

The  observation  of  Gladstone  {Chem.  Gazette,  1851,  9,  269)  that 
ammonia  is  set  free  in  the  preparation  of  niti-ogen  iodide  from  am- 
monium iodide  and  bleaching « powder  does  not  give  any  definite 
indication  as  to  the  formula  of  the  compound,  although  Gladstone 
considered  it  an  argument  in  favour  of  the  formula  NHI,. 

Szuhay  found  {Ber,,  18i>3,  26,  1933)  that  when  ammonia  interacted 
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with  iodine,  half  the  iodine  was  converted  into  nitrogen  iodide,  the 
othei*  half  being  found  as  ammonium  iodide.  This  gives  no  informa- 
tion as  to  the  composition  of  the  nitrogen  iodide,  however,  but  only 
shows  that  nitrogen  iodide  is  a  direct  substitution  product  of  ammonia, 
that  is,  one  molecule  of  hydrogen  iodide  (and  hence  of  ammonium 
iodide)  is  formed  for  each  atom  of  iodine  which  enters  into  combination 
with  the  nitrogen. 

Thus,  taking,  for  instance,  the  formula  NgHgIg,  the  formation  of 
nitrogen  iodide  would  be  represented  by  the  equation 

5NH3    +    3I2   =   NaHgly    +    3NH4I. 

Chattaway's  experiments,  in  which  nitrogen  iodide  was  slowly 
decomposed  by  a  stream  of  water  and  the  residue  analysed,  can  hardly 
be  regarded  as  evidence  for  one  formula  more  than  another.  In  this 
connection  it  should  be  pointed  out,  firstly,  that  the  ratio  of  1  : 2-54 
found  by  him  is  very  little  nearer  to  1:3,  which  would  favour  the 
formation  of  Stahlschmidt's  compound.  Nig  (Poggendoi'ff's  Ann.,  1862, 
115,  653),  than  it  is  to  the  ratio  1  :  2,  which  agrees  with  Szuhay's 
formula,  NHIg  {loc.  cit.),  and,  secondly,  that  the  quantity  of  free 
iodine  increased  so  much  during  the  progress  of  the  decomposition 
(amounting  to  44" 8  per  cent,  in  the  example  quoted  by  Chattaway) 
that  it  could  probably  only  be  very  imperfectly  allowed  for  by  the 
differential  method  of  analysis  employed. 

The  analy.ses  of  the  products  obtained  by  different  workers  have  led 
to  a  number  of  different  formulae, '  the  following  having  been  put 
forward  by  certain  of  the  earlier  workers  : 

NI3  (Gay-Lussac,  Htahlschmidt,  NHjI  (Millon,  Marchand). 

Mallet).  NgHgIg  and  NgHgl^g  (Bunsen). 

NHI2  (Bineau,  Gladstone,  Kas-  NjHjIjq  and  NgHgl^g  (Guyard). 

chig,  Szuhay,  Seliwanoff). 

The  conflicting  results  arrived  at  by  different  workers  led  to  the 
belief  that  several  iodides  of  nitrogen  existed.  Indeed,  certain  in- 
vestigators found  that  under  different  conditions  the  composition  of 
the  products  varied.  Thus,  Stahlschmidt  {loc.  cit.)  believed  that  he 
produced  from  aqueous  ammonia  and  an  alcoholic  solution  of  iodine  a 
coiiipound  having  the  formula  Nl.,,  whereas  from  alcoholic  animonia 
and  iodine  he  obtained  a  product  which  hu  formulated  as  Nlli^. 
Mallet  ((Jlvem.  Newn,  1879,  39,  257)  stated  that  the  concentration  of 
the  aqueous  ammonia  employed  influenced  the  composition  of  the  final 
product. 

Later  work  has  shown  that  the  varying  results  obtained  by  different 
workers  were  chiefly  due  to  impurities  present  in  the  nitrogen  iodide 
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owing  to  the  unsuitable  experimental  conditions  and  to  the  decompos- 
ing action  of  light.  Besides  tliis,  however,  the  analytical  methods 
employed  were  in  most  instances  faulty,  and  this  ailded  to  the  uncer- 
tainty of  the  results  obtaineil. 

The  main  difficulty  in  the  determination  of  the  composition  of 
nitrogen  iodide  is  due  to  the  fact  tliat  the  dry  subfitaoce  can  only  be 
handled  with  extreme  caution.  For  this  reason,  direct  analyeee  with 
weighed  quantities  of  the  dry  com]x)und  have  only  recently  been  oarried 
out.  In  all  the  earlier  investigations,  unknown  quantities  were  treated 
in  various  ways,  and  conclusions  were  drawn  from  the  ratios  between 
the  quantities  of  the  different  products.  The  reagents  mainly  em- 
ployed for  the  decom|>osition  were  hydrogen  sulphide  and  sulphurous 
acid. 

Thus  Biueau  (Compt.  rettd.,  1844,  19,  764)  and,  later,  Gladstone 
(toe.  cit.)  used  hydrogen  sulphide  and  determined  the  relative  quanti- 
ties of  hydi'iodic  acid  and  ammonia  formed.  Bansen  {AniuUtn,  1S52, 
84,  1)  decomposed  the  comjMJuxid  with  hydrochloric  acid  and  estimated 
the  relative  amouuts  of  ammonia  and  hydriodic  acid  produced.  Mallet 
{loc.  cit.)  used  a  solution  of  sodium  sulphite  and  estimated  the  nitrogen 
as  ammonia  and  the  iodine  as  silver  iodide.  Szuhay  {Ber.,  18i)3,  26, 
1933)  used  fi'ee  sulphurous  acid  of  known  strength  and  det«rmined  the 
io<line  and  ammonia.  The  above  methoils  are,  however,  all  open  to 
objection,  since  the  reduction  to  ammonia  never  takes  place  quantita- 
tively, a  certain  amount  of  free  nitrogen  being  always  libei"ated,  as 
was  shown  by  Chattaway  {Ainer.  Cfiem.  J.,  1900,  24,  138).  The  most 
satisfactory  method  is  that  adopted  by  this  investigator  {loc.  cit.),  in 
which  the  nitrogen  iodide  is  ti*eated  in  the  dark  with  standard  soilium 
sulphite ;  the  excess  of  sulphite  is  then  titrated  with  standard  iodine 
solution,  and  the  ammonia  is  subsequently  distilled,  after  the  addition 
of  alkali. 

In  some  experiments,  Chattaway  used  weighed  quantities  of  the  dry 
nitrogen  iodide,  thus  gaining  an  additional  check  on  the  results 
obtained.  By  means  of  a  series  of  analyses  carried  out  on  products 
prepared  by  different  methods,  Chattaway  showed  that  the  same  com- 
pound was  obtained  in  every  instance  {Am&r.  Chem.  J.,  1900,  23,  363, 
369;  1901,  24,  138,  159,  318,  331,  342).  He  found  the  composition 
to  agree  in  all  cases  with  the  formula  originally  assigned  by  Bunseu, 
namely,  N0H3I3,  and  ascertained  further  that  the  iodide  is  a  definite 
chemical  compound,  neither  iodine  nor  hydriodic  acid  being  present  in 
loose  molecular  combination,  as  in  periodides  or  acid  iodides.  Each 
atom  of  iodine  was  shown  to  be  univalent  and  dii-ectly  linked  to 
nitrogen. 

Hugot  has  shown  (Compt.  rmid.,  1900,  130,  505)  that  at  low  tem- 
peratures compoixnds  exist   having  the  formuhe  N3Hgl3  and  N^H^Ig. 
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These  are,  however,  only  capable  of  existence  in  presence  of  excesss  of 
ammonia  at  very  low  temperatures,  and  dissociate  very  readily,  re- 
generating ammonia  and  the  compound  NgHglg.  This  compound  is  thus 
the  only  one  which  need  be  considered  at  the  ordinary  temperature. 

Although  the  empirical  formula  has  been  thus  established,  no 
investigations  have  hitherto  given  any  insight  into  the  constitution  of 
nitrogen  iodide.  Evidence  as  to  the  structure  of  the  nitrogen  iodide 
molecule  can  evidently  only  be  obtained  by  a  study  of  its  dei'ivatives. 
The  conclusions  drawn  from  the  metallic  derivatives  have  hithei'to 
been  rather  misleading  than  otherwise.  The  compound  formulated  by 
Guyard  {Compt.  rend.,  1884,  97,  526)  as  Cul2,2NH2l  cannot  be 
regarded  as  evidence  in  favour  of  the  formula  NHgl  for  nitrogen 
iodide,  for  the  number  of  hydrogen  atoms  in  the  molecule  is  difficult 
to  determine  by  analysis.  Thus,  whereas  the  above  compound  would 
theoretically  contain  0*66  per  cent,  of  hydrogen,  a  compound  having 
the  formula  Cii2l2>2NH3Nl3  would  contain  0*50  per  cent.,  so  that  no 
reliable  deductions  could  be  made  fx-om  Guyard's  analyses  as  to  the 
constitution  of  the  compound  (compare  the  following  paper). 

8zuhay  {Ber.,  1893,  26,  1933)  obtained  a  silver  derivative  of 
nitrogen  iodide,  to  which  he  ascribed  the  formula  AgNIg.  This 
appeal's  to  render  the  formula  NHIg  probable  for  nitrogen  iodide. 
In  the  following  paper,  however,  the  pui'e  compound  is  shown  to  be  a 
direct  silver  derivative  of  NgHgl.^. 

The  reactions  of  nitrogen  iodide  with  organic  compounds  have  as 
yet  been  very  little  studied.  The  experiments  of  Stahlschmidt 
{Poggendorff' s  Ann.,  1863,  119,  421)  should  be  noticed,  although 
the  conclusions  dr<awn  by  him  from  the  results  were  erroneous. 
By  the  action  of  methyl  iodide  on  nitrogen  iodide,  he  obtained  the 
following  products  ;  nitrogen,  hydriodic  acid,  ammonium  iodide,  tetra- 
methylammoniura  pentaiodide,  iodoform,  iodine,  and,  further,  a  small 
quantity  of  an  insoluble  compound  which  was  not  further  investi- 
gated. From  the  mother  liquor,  on  addition  of  caustic  potash,  he 
obtained  ammonia  and  di-iodomethylamine. 

In  view  of  the  conflicting  evidence  as  to  the  constitution  of  nitrogen 
iodide  obtained  by  different  authors,  the  preparation  of  direct  sub- 
stitution products,  which  should  leave  no  doubt  as  to  the  constitution 
of  tliiH  compound,  was  desirable.  Tlie  problem  lias  now  been  delinitely 
Holvf«l  by  a  study  of  the  interaction  of  zinc  ethyl  and  nitrogen  iodide. 
Jn  this  way,  tlio  formula  NJIglNIg  has  boon  established. 

JJeforo  carrying  out  tin's  work,  tho  question  of  the  applicability  of 
jiiagnoHiiun  alkyl  iodides  was  also  considered,  as  tlieir  use  would 
jirobably  be  experimentally  easier ;  but  since  tho  complete  exclusion  of 
alkyl  iodideH  is  of  great  importance,  their  ujiplication  was  regarded  as 
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unsatisfactory.  For  the  maguesium  alkjl  iodides  may  contain  traces 
of  alkyl  iodide,  or  may  possibly  themselves  act  in  an  analogous 
manner  to  alkyl  iodides,  which  would  greatly  complicate  the  reaction. 
By  using  zinc  ethyl,  which  could  be  obtained  completely  free  from 
iodine  compounds,  on  the  other  hand,  this  objection  was  satisfactorily 
overcome. 

It  was  established  by  Chattaway's  work  that  the  empirical  formula 
of  the  comiKJund  was  N.2H3T3.  From  this  it  is  seen  that  only  two 
different  constitutional  formula'  ai-e  pi-obable,  namely,  NH,IINHIj  and 
NH3INI3.  These  two  compounds  may  be  assumed  to  react  with  zinc 
ethyl  in  the  mauner  represented  by  the  equations  : 

I.  2NH2i:NHl2  +  6Zn(C,H5),  " 

6Zn(C^5)I  +  2C^5-NH,+  2NH(C,H,V 

I  r.  2NH3NIJ  +  6Zn(CjH5),  =  6Zn(C,H5)I  +  2NH3  +  2N(C3H5)5. 

The  latter  of  these  equations  was  proved  to  be  correct  by  the 
identification  of  ammonia  and  triethylamine  as  the  products  of  the 
reaction. 

Experimental. 

Preparation  qf  Nitrogen  Iodide. — The  nitrogen  iodide  required  for 
this  investigation  was  pi-epared  by  allowing  iodine  chloride  to  act  on 
aqueous  ammonia  (compare  Bloxam's  Chemistry,  4th  edition,  1880, 
p.  180,  and  also  Chattaway  and  Orton,  J.  Amer.  Chem.  Soe.,  1900,  23, 
363). 

Action  qf  Zinc  Ethyl  on  Nitrogen  Iodide. — In  the  first  place,  it  was 
necessary  to  find  a  solvent  for  zinc  ethyl  which  would  not  interact  in 
any  way  with  nitrogen  iodide,  and  preliminary  experiments  showed 
that  ether  was  the  best  suited  to  the  purjK)se,  whilst  from  the 
following  results  it  will  be  seen  that  the  pm-e  solvent  is  entirely 
without  action  on  nitrogen  iodide.  In  each  experiment,  100  c.c.  of 
ether  were  used  and  allowed  to  remain  at  0°  for  various  periods, 
after  which  the  nitrogen  iodide  was  filtered  off  and  the  uncombined 
iodine  in  solution  shaken  out  with  excess  of  .tV/lO  sodium  thio- 
sulphate  and  estimated.  The  combined  iodine  was  then  estimated 
by  boiling  the  ether  for  24  hours  with  finely  gi-anulated  .sodium, 
dissolving  the  latter  in  water,  and  determining  the  iodine  with  silver 
nitrate. 


k 
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Time  during  which  Unchanged  nitrogen 

nitrogen  iodide  and  iodide  removed 

ether  were  (titrated  in                      Free                  Combined 

left  together.  filtered  residue).                iodine.                   iodine. 

(rt)  With  methylated  ether  (sp.  gr.  0720)  which  had  been  left  for  three  weeks 
over  ground  caustic  soda  and  subsequently  distilled. 


)  hour 

1  '358  gi-ams 

0-118 

0-0013 

4  hours 

1-570     ,, 

0-135 

0-0015 

48     „ 

1-326      „ 

0-446 

0  0055 

{b)  With  the  above  ether  further  purified  by  boiling  for  twenty-four  hours  with 
finely  granulated  sodium  (this  ether  was  used  in  Experiments  1 — 4  described  below). 

„ ,  ,  _  Not  Less  than 

24  hours  :,  grams  estimated.  0-0003 

(c)  With  ether  purified  as  described  below  and  used  in  Experiment  5. 

48  hours  5  gi-ams  —  No  coloration  with 

starcli  solution. 

On  repeating  this  first  series  of  experiments  and  allowing  the  ether 
to  evaporate  spontaneously,  iodoform  was  readily  detected  by  its 
odour  ;  from  this  it  would  appear  probable  that  the  reaction  observed 
with  less  carefully  purified  ether  is  due  to  traces  of  alcohol.  Indeed, 
the  reaction  appears  to  lend  itself  to  the  detection  of  very  minute 
traces  of  alcohol  in  ether,  A  suitable  diluent  having  been  thus 
obtained,  it  became  necessary  to  ascertain  the  nature  of  the  reaction. 
To  this  end,  a  series  of  preliminary  experiments  was  carried  out  with 
very  small  quantities  of  nitrogen  iodide,  which  established  the  following 
points  : 

(a)  That  it  is  impracticable  to  work  with  dry  nitrogen  iodide  in 
any  quantity,  as  explosions  cannot  be  avoided ;  it  was  therefore  used 
under  ether. 

(6)  That  ammonia  is  among  the  prodixcts. 

(c)  That  the  reaction  proceeds  quietly  and  slowly,  and  that  even  a 
slight  evolution  of  heat  was  noticeable  only  during  the  addition  of 
the  first  portion  of  zinc  ethyl. 

The  following  experiments  were  then  carried  out,  the  work  being 
always  conducted  in  red  light : 

Expt.  1. — Eleven  grams  of  nitrogen  iodide  (prepared  from  100  c.c. 
of  a  14  j)or  cent,  solution  of  iodine  (Oiloridc)  were  thoroughly 
wa.shod  by  decantation,  first  with  dilute  ainmoniii,  tlien  ton  times 
with  absolute  ahroliol,  until  the  latter  gave  no  coloration  with  anhydrous 
copper  sulphate,  and  after  that  as  many  times  with  ab.solute  ether 
which  had  been  prepared  by  leaving  methylated  othor  -(sp.  gr,  0-720) 
over  ground  caustic  soda  for  throe  weeks  and  then  boiling  for  24  hours 
with  finely  granulated  sodium,  A  fresh  quantity  of  absolute  ether 
(DO  c.c.)  was  run   in,  and  then   14  grams  of  '/.hw.  ethyl  di.ssolvod  in 
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25  c.c.  of  ether  were  introduced.  The  whole  was  then  left  for  48  hours 
in  the  dark,  after  which  the  mixture  was  worked  up  in  the  nianner 
described  below. 

On  distilling  into  water  the  product  obtained  by  the  action  of  the 
bases  on  etliyl  oxalate,  tlie  latter  became  strongly  alkaline.  Since 
ammonia,  mono-  and  di-ethylamines  all  react  with  ethyl  oxalate,  it 
appeared  probable  that  this  base  waa  trietbylamine.  The  quantity, 
however,  was  too  gmall  to  establish  its  identity. 

Expt.  2. — A  duplicate  experiment  was  therefore  made  with  120 
grams  of  nitrogen  iodide,  and  on  tliis  occasion  the  reaction  was 
accompanied  by  a  distinct  effervescence,  the  product  showing  signs  of 
clogging  together,  so  that  it  was  found  neces.sary  to  leave  the  mixture 
for  four  days  before  it  could  be  worked  up  with  safety.  On  doing  so, 
however,  a  distinct  quantity  uf  the  alkaline  distillate,  which  failed  to 
react  with  ethyl  oxalate,  was  obtained.  This  was  concentrated  with 
excess  of  hyilroohloric  acid  and  ti*eated  with  a  drop  of   \  '-en- 

trated  platiuic  chloride  solution,  when  a  readily  soluble  pl.t  tide 

wa^  obtained. 

001677  gave  000561  Pt.     Pt  =  33-45. 

[NH(0,H5)J^PtCla  requires  Pt  =  31-84. 
[NHj(CjHj)j]jPtCl^  requires  Pt  =  3506  per  cent. 

The  quantity  was,  however,  so  small  that  the  analytical  results  were 
not  of  sufficient  accuracy  to  be  regarded  as  establishing  the  nature  of 
the  compound. 

Expt.  3. — The  foregoing  experiment  was  repeated,  but  in  this  case 

the  flask  was  fitted  with  stirring  gear.  Unfortunately,  the  stirrer 
slipped  before  many  c.c.  of  the  zinc  ethyl  solution  had  been  added, 
and,  falling  on  some  unchanged  nitrogen  iodide,  caused  a  violent 
explosion  and  considerable  conflagration. 

Expt.  4. — The  experiment  was  accordingly  repeated,  and  this 
time  successfully  ;  but  on  working  up  the  product  of  the  action  of 
ethyl  oxalate  on  the  bases  no  better  results  were  obtained. 

Expt.  5. — Finally  it  was  decided  to  work  with  1  kilogram  of  nitrogen 
iodide,  as  this,  judging  from  Experiment  2,  should  yield  Ul4  gram  of 
the  platinichloride,  which  ought  to  be  sufficient  to  obtain  a  reliable 
analysis. 

It  had  been  noticed  throughout  that  a  slight  evolution  of  heat 
occurred  during  the  addition  of  the  first  portions  of  the  zinc  ethyl, 
but  as  the  reaction  between  zinc  ethyl  and  nitrogen  iodide  is  so 
slow,  the  evolution  of  heat  could  hardly  be  traced  to  this  cause ; 
indeed,  it  appeared  far  m  >re  likely  that  it  was  due  to  the  presence  of 
some  impurities  either  in  the  ether  or  in  the  nitrogen  iodide.  It  was 
therefore  decided  to  exercise  the   utmost  care  in  order  to  ensure   the 
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highest  degree  of  purity  in  both  these  compounds,  and  to  this  end  the 
reaction  was  carried  out  in  red  light  and  in  a  refrigerator  kept 
approximately  at  0°,  the  following  precautions  being  observed. 

Purification  of  the  Ether. — Two  hundred  grams  of  caustic  potash, 
dissolved  in  100  c.c.  of  water,  were  added  to  each  of  6  "Winchester 
quarts,"  each  containing  1500  c.c.  of  methylated  ether  (sp.  gr.  0*720). 
These  bottles  were  then  agitated  in  a  shaking  machine  for  two  days, 
after  which  the  ether  was  poured  on  to  1  kilogram  of  finely  ground 
caustic  soda  contained  in  a  10  litre  flask  immersed  in  a  large  water- 
bath,  and  ,the  mixture  boiled  with  a  reflux  condenser  for  24  hours. 
The  ether  was  next  decanted  into  another  10  litre  flask,  treated 
with  50  grams  of  finely  granulated  sodium,  and  again  boiled  for 
24  hours,  after  which  it  was  distilled  off.  These  last  two  operations 
were  repeated  until  the  ether  ceased  to  tarnish  the  sodium  on  boiling 
for  24  hours.  During  distillation,  the  ether  was  collected  in  bottles 
filled  with  dry  carbon  dioxide  in  order  to  prevent  absorption  of 
moisture  or  auto- oxidation  on  evaporation. 

Purification  of  the  Nitrogen  Iodide. — One  kilogram  of  well  washed 
nitrogen  iodide  was  transferred  to  a  10  litre  flask  by  means  of 
absolute  alcohol ;  it  was  then  further  washed  9  times  with  this  solvent, 
until  the  liquid  gave  no  coloration  with  anhydrous  copper  sulphate, 
and  then  ten  times  with  purified  ether,  1  litre  being  used  for  each 
washing.  The  ether  used  for  the  last  three  washings  contained  no 
combined  iodine,  and  gave  no  reaction  with  nitrogen  iodide  on  stand- 
ing for  48  hours. 

The  flask  containing  1  kilogram  of  nitrogen  iodide  and  about 
1  litre  of  ether  was  then  fitted  up  as  shown  in  the  diagram 
and  all  the  air  displaced  by  means  of  dry  carbon  dioxide.  The 
stirrer,  d,  was  then  set  in  motion  with  just  sufficient  rapidity  to 
cau.<5e  the  nitrogen  iodide  lying  on  the  bottom  of  the  flask  to  change 
its  position  continuously.  A  slow  stream  of  pure  ether  was  allowed  to 
flow  in  from  the  vessel,  c,  through  the  tube,  /,  and  out  through  the 
tube,  g,  the  pressures  on  the  surface  of  the  liquid  in  the  flask  and 
in  the  ether  reservoir  being  rendered  identical  by  means  of  the  carbon 
dioxidu  generator,  which  was  connected  to  tlie  ether  reservoir  through 
the  tube,  //,  and  to  the  flask  through  b.  The  tap,  h',  was  so 
adjusted  that  a  few  bubbles  of  carbon  dioxide  passed,  from  time  to 
time,  flowly  up  iho  tube,  g,  together  with  the  spent  other.  The 
level  of  the  liquid  in  the  flask  was  thus  kept  constant.  Tlie  washing 
with  ether  was  continued  for  4  hours,  during  which  time  about 
4  litreB  of  ptire  other  wore  passed  through  the  flask.  The  spent 
ether,  uftor  filtration  from  a  few  grams  of  nitrogen  iodide  which 
liad  be«n  carried  over,  was  found  to  contain  very  minute  traces  of 
frefe  iodine,  but  no  combined  iodine  whatever. 
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Action  of  Zinc  Ethyl  on  the  Furijied  N^itrogen  Iodide. — The  tube 
through  which  the  ether  made  itg  exit  was  then  closed  by  me*nK  of  the 
cock,  c,  2i  litres  of  pure  ether  were  run  into  the  flask,  the  dis- 
placed carbon  dioxide  beiug  allowed  to  escape  through  the  mercury 
trap,  k,  by  menus  of  the  tube,  c,  the  cock,  c,  having  been  previously 
ojieued  for  this  pur[)ose. 

The  tlask  was  then  Kurroundud  with  a  freezing  mixture,  aud  as  soon  as 
the  temperature  of  its  contents  had  fallen  to  —5^  the  addition  of 
zinc  ethyl  was  commenced.  In  this  manner,  13U0  grams  of  zinc 
ethyl  dissolved  in  2^  litres  of  pure  ether  were  added  from  the  con- 


tainer, /.*     From  time  to  time  during  the  addition  of  the  zinc  ethyl,  and 
also  at  subsequent  stages  of  the  experiment,  samples  were  run  off  by 

*  Tlie  advantages  of  the  piece  of  apiiaratus  I  will  be  obvioas  from  the  diagram  ; 
it  was  so  eonstmcted  that  ethet  could  be  forced  in  from  the  reservoir  e  by  means  of 
the  earlx)n  dioxide  pressure  on  its  surface,  and  that  the  whole  apparatus  could 
readily  be  connected  with  the  carlx)n  dioxide  system  through  hi  m',  so  that  the  drj- 
gas  displaced  the  zinc  ethyl  solution  as  it  flowed  thi-ough  the  cock  I".  The  cock 
/'"  was  attached  in  order  to  render  it  iwssible  to  refill  the  apparatus  with  zinc 
ethyl  solution,  as  it  was  not  large  enough  to  hold  the  complete  charge  ;  in  doing  so, 
the  charge  enters  through  the  tap  I'"  and  I",  whilst  the  displaced  carbon  dioxide 
^Kisses  out  through'/'. 
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means  of  the  three-way  cork,  c'.  In  every  instance,  even  after  the 
first  addition  of  a  few  c.c.  of  the  zinc  ethyl,  it  was  found  that  unaltered 
zinc  ethyl  was  present  in  the  solution. 

The  stirring  was  continued  for  48  hours  ;  during  the  first  24  hours, 
the  refrigerator  was  kept  at  0°,  but  subsequently  was  allowed  to 
warm  up  to  the  ordinary  temperatux-e.  The  black  nitrogen  iodide 
slowly  changed  into  a  white,  amorphous  powder.  The  reaction  pro- 
ceeded quite  quietly,  and  no  evolution  of  heat  was  noticeable, 
indeed,  the  thermometers  in  the  flask  and  in  the  cooling-bath 
indicated  the  same  temperature  during  the  whole  of  this  period.  Half 
a  litre  of  ether,  which  had  previously  been  shaken  with  water,  was 
then  added,  and  as  this  produced  no  effervescence  it  was  concluded 
that  the  reaction  was  completed,  and  excess  of  water  was  accordingly 
added  and  the  mixture  again  stirred  for  24  hours.  Excess  of 
hydrochloric  acid  was  then  run  in  and  the  ether  removed  by  distilla- 
tion. 

At  the  commencement  of  the  distillation,  a  large  quantity  of 
inflammable  gas  passed  over.  A  sample  of  this  was  collected 
over  mercury,  freed  from  ether  vapour,  and  analysed.  It  was  not 
absorbed  by  fuming  sulphuric  acid  or  concentrated  nitric  acid, 
and  proved  to  be  a  mixture  of  paraffins,  evidently  butane  and 
ethane. 

Dry  gas  before  explosion  at  992°  and  757  mm.  =  32  c.c. 

„      ,,    together  with  oxygen  added  at  99*2°  and  769  mm.  =  532  c.c. 
Moist  gas  after  explosion  at  17*5°  and  757  mm.  =  36 '8  c.c. 

„    ,,      ,,     absorbing  carbon  dioxide  vnih.  caustic  potash  at  17'5° 
and  757  mm.  =  290  c.c. 

The  volumetric  composition  of  the  gas  coi*responds  with  46  per  cent, 
of  butane  and  54  per  cent,  of  ethane. 

It  was  foreseen  that  zinc  ethyl  would  first  form  double 
zinc  amides  with  the  amines  formed  (except  tertiary  amines)  with 
evolution  of  ethane  (Frankland,  Jahresber.,  1857,  418).  These  zinc 
amides  hydrolyse  readily,  however,  with  hydrochloric  acid  to  zinc 
chloride  and  the  original  amines.  Thus  the  solution  contained  the 
hydrochlorides  of  the  amines  formed.  From  these,  the  bases  were 
liberated  with  alkali  and  distilled  into  hydrochloric  acid.  The  mixture 
of  chlorides  obtained  on  evaporation  was  then  extracted  several 
times  with  alcohol,  in  which  all  the  ethylamine  hydrochlorides  are 
much  more  readily  soluble  than  ammonium  (rliloride.  The  least  soluble 
fraction  waa  recrystallised  from  water,  aftur  wliich  a  small  portion  was 
convertfld  into  its  platinichloride  and  analysed. 

Oil  82  gave  00517  Ft.     Ft -43-74. 

(NllJ.Ptn,,  io(|iiiros  Pt-43'91  per  cent, 


SILBERRAD:   THE   CONSTITUTIOX   OF   N'lTROGEN    IODIDE.        65 

The  yield  of  ammonium  chloride  was  125  grams,  or  95  per  cent,  of 
the  theoretical.  For  the  identification  of  the  organic  amines  present, 
Hoffmann  and  Wallach's  method  of  separation  was  adopted 
{Jahresber.,  1861,  495;  Aimalen,  1876,  184,33).  The  alcoholic  extract 
of  the  hydrochlorides  was  evaporated,  distilled  with  very  concentrated 
caustic  soda,  and  the  distillate  collected  in  absolute  alcohol  at  QP.  A 
slight  excess  of  ethyl  oxalate  was  added  and  the  mixture  allowed  to 
remain  at  a  low  temperature  for  15  hours.  On  distillation  from  a 
water-bath,  a  strongly  alkaline  distillate  pa  flood  over,  which  proved  to 
be  triethylamine. 

A  crystalline  deposit,  which  formed  in  the  distilling  flask,  was 
recry stall ised  from  alcohol,  and  in  this  way  separated  into  two 
compounds.  The  major  portion  consisted  of  ethyl  uxamate,  melting  at 
114°. 

00983  gave  104  c.c.  moist  nitrogen  at  16°  and  753  mm.  N- 12-28. 
CONH./CO^-C\Hs  requires  N«  120  per  cent. 

The  second  product,  which  was  sparingly  soluble  in  alcohol,  occurred 
only  in  a  very  small  quantity  ;  it  melted  at  210 — 211°  and  probably 
consisted  of  oxamic  acid.  The  formation  of  ethyl  oxamate  confirmed 
the  presence  of  ammonia  in  the  original  product.  The  oxamic  acid  waa 
evidently  produced  as  a  by-product  of  the  same  reaction.  Derivatives 
of  primary  or  secondary  amines  were  entirely  absent. 

Since  only  the  tertiary  amines  are  unacted  on  by  ethyl  oxalate,  it 
was  to  be  expected  that  the  distillate  from  the  product  obtaine<l  by 
the  action  of  the  amines  on  this  ester  would  consist  of  triethvl- 
amine. 

The  yield  was  far  greater  than  was  expected,  and  in  order  to 
determine  it  the  distillate  was  made  up  to  250  c.c.  and  an  aliquot 
portion  titrated  with  iV/10  acid  with  the  following  result:  3  c.c. 
required  93  c  c.  X  10  hydrochloric  acid  ;  the  yield  was  therefore  78 
gi'ams  or  3*5  per  cent. 

In  order  to  establish  the  identity  of  the  base,  the  remainder  of  the 
distillate  was  acidified  with  excess  of  hydrochloric  acid,  concentrated 
to  a  small  bulk,  and  the  hydrochloride  converted  into  the  readily 
soluble  platinichloride. 

0-3704  gave  Oil  843  Pt.     Pt  =  31-98. 

[NH(C2H5)3].2PtClg  requires  Pt  =  31-84  per  cent. 

It  thus  becomes  evident  that  the  reaction  is  greatlv  dependent  on 
the  experimental  conditions.  The  fact  that  the  success  of  the 
reaction  demands  the  entire  absence  of  impurities  is  a  definite  proof 
that  the  formation  of  triethylamine  is  due  to  the  interaction  of  zinc 
ethyl   on  nitrogen  iodide,  indeed  in  no  other  manner  can   the  entire 
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absence  of  mono-  or  di-ethylamine  in  the  presence  of  so  large  an  excess 
of  ammonia  be  explained. 

My  thanks  are  due  to  Mr.   Smart  for  his  assistance  and  to  the 
Explosives  Committee  for  pei'mission  to  publish  these  results. 

Research  Laboratories, 
Royal  Arsenal. 


X. — The  Metallic  Derivatives  of  Nitrogen  Iodide  and 
their  Bearing  on  its  Constitution. 

By  Oswald  SiLBteRRAD,  Ph.D. 

In  the  preceding  paper,  the  author  has  given  a  definite  proof  of  tlie 
constitution  of  nitrogen  iodide,  and  has  at  the  same  time  shown  the 
uncertainty  of  much  of  the  earlier  work.  For  this  reason,  it  appeared 
of  interest  to  undertake  a  revision  of  the  more  important  work  on 
the  derivatives  of  this  compound,  because,  although  a  number  of 
derivatives  have  been  obtained  by  the  action  of  metallic  salts  ou 
nitrogen  iodide  or  by  the  action  of  iodine  on  ammoniacal  salt  solu- 
tions, great  uncertainty  exists  as  to  the  composition  of  these  sub- 
stances. A  review  of  this  work  has  shown  that  both  the  methods 
of  preparation  and  of  analysis  were  very  unsatisfactory. 

The  Copper  Derivative. — Guyard  (Cmnpt.  rend.,  1884,  97,  526) 
ascribed  the  formula  Cu^J^,2NH.,I  to  the  compound  which  he  obtained 
by  the  action  of  a  potassium  iodide  solution  of  iodine  on  copper  ammo- 
nium sulphate.  He  did  not,  however,  support  this  formula  by  any 
analytical  data,  nor  did  he  give  any  description  of  his  methods  of 
analysis.  Further  investigations  of  the  subject  have  rendered  it 
probable  that  he  deduced  the  above  formula  from  estimations  of 
the  iodine  only.  He  based  its  relationship  to  nitrogen  iodide  on  the 
fact  that  on  treatment  with  excess  of  ammonia  the  copper  passed  into 
solution  with  a  simultaneous  i)rocipitation  of  nitrogen  iodide. 

It  must,  however,  bo  remarked  that  the  copper  compound  itself 
possesses  no  explosive  properties  whatever,  a  circumstance  which  at 
once  renders  Quyard's  formula  doubtful.  The  following  investigation 
shows  that  the  compound  is  a  cuprosamine  jaaiodido.  The  compound 
in  prepared  by  dropping  a  20  per  cent.  8olution  of  potassium  iodide 
(100  c.c.)  containing  5  grams  of  iodine  into  an  aqueous  solution  con- 
tainiog  a  slight  oxcohh  of  cuprammoniuni  sulphate  in  1200  c.c.  of  wutor 
ftt   the    ordinary    tem{K.tratiin>,     The   coinpoutKl    separates  in    sinall, 
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crystalline  plates.  Owing  to  its  insolubility,  it  cannot  be  recrystal* 
iised  from  any  solvent,  and  considerable  care  is  therefore  neoesaury 
for  the  production  of  the  compound  in  a  pure  state.  It  was  found 
necessary  to  devise  special  methods  of  analysis,  and  the  following 
procedure  was  eventually  selected  as  being  most  satisfactory.  The  com- 
pound was  first  warmed  with  dilute  alkali  and  metallic  aluminium  for 
half  an  hour  on  the  water-bath.  This  brought  about  complete  precipita- 
tion of  the  copper.  The  precipitate  was  well  waahed  with  hot  water, 
redissolved  in  a  little  hot  nitric  acid,  and  reprecipitated  as  cupric 
oxide  and  weighed. 

After  the  removal  of  the  copper,  the  filtrate  was  acidified  in  the 
cold  with  dilute  sulphuric  acid  and  treated  with  hydrogen  peroxide 
and  chloroform  to  extract  the  iodine.  The  chloroform  solution  was 
then  titrated  with  standard  thiosulphate  solution.  For  the  estimation 
of  the  nitrogen  in  this  compound,  Dumas'  method  was  found  to  be  the 
most  satisfactory. 

For  comparison,  the  pei*centage8  required  by  a  compound  having 
the  formula  suggested  by  Guyard  are  piven  in  the  final  column  of  the 
following  table  : 

^  '■                ^  requires  requires 

Copper 12-87  12-96  12-82  19-08 

Iodine  7619  76-43  7675  7611 

Nitrogen  ..          7-53  7-32  7-08  421 

The  compound  manifests  the  characteristics  of  a  periodide  in  many 
ways.  On  heating,  it  evolves  iodine  vapour ;  by  treatment  with 
potassium  iodide  solution,  the  loosely  combined  iodine  is  removed 
quantitatively,  and,  on  titrating  this  solution  with  sodium  thiosul- 
phate, the  following  results  were  obtained  : 

Loosely  combined  iodine  found 51-20         51  "12  per  cent. 

CuXlNHjy^.HoO  requires  5116       „ 

The  behaviour  of  the  cuprosamine  periodide  towards  ammonia,  which 
was  taken  by  Guyard  to  be  indicative  of  its  relationship  to  nitrogen 
iodide,  must,  however,  be  regarded  as  distinct  evidence  of  its  periodide 
chai-acter.  According  to  the  above  formulation,  the  loosely  combined 
iodine  interacts  with  ammonia  in  a  manner  precisely  similar  to  that 
in  which  potassium  periodide  acts  on  ammonia.  It  thus  becomes 
evident  that  Guyard's  formula  for  this  compound  is  incorrect,  and  con- 
sequently that  its  existence  is  no  support  of  the  formula  NH,I  for 
nitrogen  iodide. 

Cuprosamine  7o<^trf«,  Cu.,I.»NH3,4H.,0. — When,  in  order  to  remove 
the  loosely  combined  iodine,  the  above  periodide  is  treated  with  potass- 
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ium  iodide— preferably  by  warming  with  a  25  per  cent,  solution — a 
green,  crystalline  residue  is  left,  which,  when  thoroughly  washed  and 
dried,  is  obtained  as  an  olive-green  powder  insoluble  in  water,  but 
soluble  in  ammonia,  forming  a  blue  solution. 

Founl.  Cu2l2,NH3,4H20 

^ -^ ^  requires 

Copper  27-10         27-21  27-08 

Iodine    53-94         54-16  54-03 

Nitrogen   3-10  302  2-98 

By  the  foregoing  treatment,  the  cuprosamine  periodidehas  therefore 
lost  both  iodine  and  ammonia. 

The  Silver  Derivative. — It  was  shown  by  Szuhay  {Ber.,  1893,  26, 
1933)  that  a  silver  compound  could  be  obtained  from  nitrogen  iodide 
which  was  in  all  probability  a  direct  derivative  of  the  latter.  He 
prepared  this  silver  compound  by  the  addition  of  an  ammoniacal  solu- 
tion of  silver  nitrate  to  nitrogen  iodide  suspended  in  water,  and 
ascribed  the  formula  AgNI^  to  the  product  on  the  basis  of  determina- 
tions of  the  ratio  of  the  elements  to  one  another. 

It  is  obvious,  however,  from  Szuhay's  paper  that  insufficient  pre- 
cautions were  taken  for  the  production  of  a  pure  homogeneous  com- 
pound ;  for,  since  the  substance  cannot  be  recrystallised,  it  is  necessary 
to  take  extreme  care  to  ensure  absolute  purity  in  the  first  instance. 
It  is  hardly  to  be  expected  that  the  conversion  of  one  solid  compound 
into  another  in  this  way  will  give  rise  to  a  pure  derivative.  The 
heterogeneous  character  of  Szuhay's  product  is  shown  by  the  following 
analysis  of  three  different  preparations  carried  out  exactly  as  prescribed 
by  him  with  the  exception  that  the  experiments  were  performed  in  the 
dark  and  at  0°  in  order  to  minimise  the  decomposition  of  the  com- 
pounds. 

Analytical  results 

(weight  in  grams).  Atomic  proportions. 

(1)                  (2)  (3)  (1)  (2)  (3) 

Nitrogen    0-06623  0  04956  0  05696  4-r»8  6-98  4-75 

Silver    0-09469  0  05479  0  09243  100  1-00  100 

Iodine    0-5364  0-4197  0.5327  482  6*51  490 

ThcHe  niimberH  show  that  it  iH  practically  impossible  to  obtain  a 
homogeneous  product  by  Szuhay's  method.  The  agreement  of  his 
analytical  results  with  the  fornuila  AgNl,  must  therefore  have  been 
accideDtal. 

The  weak  point  in  Szuhay's  procedure  appeared  to  be  that  the 
purity  of  the  (compound  depended  on  the  complete  conversion  of  one 
insoluble  solid  itito  another.  This  difficulty  was  overcome  in  the 
following  manner. 
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Twenty  eight  c.c.  of  a  5  per  cent,  solution  of  eilver  nitrate  were 
added  to  30  c.c.  of  10  per  cent,  ammonia  ;  the  mixture  was  then 
cooled  to  C  and  treated  with  6  c.c.  of  a  14  per  cent,  solution  of  iodine 
chloride  (corresponding  with  0'8  gram  of  iodine)  also  cx>oled  to  0**. 
The  black  precipitate  was  washed  by  decantation  in  the  dark. 

On  attempting  to  dry  this  silver  derivative,  it  underwent  dec<  mposi- 
tion  with  formation  of  silver  iodide.  In  order  to  Oktablish  its  com- 
position, it  therefore  bec*ame  necessary  to  determine  the  ratio  of  the 
elements  present  by  working  with  the  substance  suspended  in  water. 

The  analytical  methods  used  by  Szuhay  were  examined  and  found 
to  be  0|>en  to  criticism.  He  treated  the  precipitated  compound  with 
aluminium  turnings  in  order  to  reduce  the  silver  to  the  metallic  con- 
dition and  the  nitrogen  to  ammonia.  The  ammonia  was  thereupon 
distilled  oil'  and  estimated,  the  other  elements  being  determined  in  the 
residue.  He  assumed  that  no  loss  of  nitrogen  would  take  place  in  this 
way.  Trials  of  his  method  have  shown,  however,  that  the  evolution 
of  traces  of  nitrogen  is  pnictically  unavoidable.  After  trying  various 
methods,  the  following  mode  of  procedure  was  found  to  give  the  most 
satisfactory  results. 

The  compound  suspended  in  water  is  first  treated  with  sodium  thio- 
sulphate.  The  nitrogen  is  thus  converted  quantitatively  into  ammonia, 
which,  after  the  addition  of  caustic  soda,  is  distilled  off  and  estimated. 
The  residue  is  then  ti*eated  with  finely  divided  aluminium  j  the  silver 
is  thereby  reduced  to  the  metallic  state  and  can  be  filtered  off,  dis- 
solved in  nitric  acid,  and  estimated  in  the  usual  way.  The  iodine 
remains  in  solution  as  sodium  io<.lide  and  can  be  readily  estimated. 
The  following  analytical  results  were  obtained  in  this  way  with  four 
different  preparations  : 

Aualytical  results 

(weight  in  grams).  Atomic  proportioiu. 


(1)  (2)             (3)  (4)  (1)  (2)  (3)  (4) 

Silver 0  1895  0-2141  0  1890  0  2105  100  1-00  100  100 

loaiue 01)753  0  7252          —  07437  303  288        —  801 

Nitrogen..         —  OOotiO  00525  00549  —  2  02  214  2  01 

The  foregoing  samples  were  prepared  as  follows  ; 

Expts.  1  and  3. — 22 "8  c.c.  of  a  5  per  cent,  solution  of  silver  nitrate 
were  treated  with  just  sufficient  10  per  cent,  ammonia  to  redissolve 
the  precipitate,  cooled  to  0^,  and  6  c.c.  of  a  l-l  i)er  cent,  solution  of 
iodine  chloride  added. 

Expt.  2. — 22*8  c.c.  of  a  5  per  cent,  solution  of  silver  nitrate  weie 
treated  with  30  c.c.  of  10  per  cent,  ammonia  cooled  to  0^,  and  6  c.c.  of 
a  14  per  cent,  solution  of  iodine  chloride  added. 

Expt.  4. — This  specimen  was  prepared  from  cyanogen  iodide  as 
described  below. 
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The  ratio  Ag  :  I :  N  is  thus  undoubtedly  1:3:2.  The  compound  is 
therefore  derived  from  nitrogen  iodide  by  the  replacement  of  one  atom 
of  hydrogen  by  silver,  and  possesses  the  formula  NHgAgNIg. 

The  substance  decomposes  readily  when  left  at  the  ordinary  tem- 
perature, especially  when  exposed  to  light.  In  the  dry  state,  it  explodes 
on  the  slightest  friction. 

The  Fotassium  Derivative. — Szuhay  observed  that  the  foregoing 
silver  derivative  dissolved  readily  in  a  solution  of  potassium  cyanide, 
and  that  on  subsequent  addition  of  ammoniacal  silver  nitrate  the 
original  compound  was  regenerated.  He  did  not,  however,  succeed  in 
isolating  any  soluble  derivative. 

Regarded  in  the  light  of  the  above  investigation,  the  potassium 
derivative  would  receive  the  formula  NIgNHgK,  and  although  a  silver 
compound  of  this  formula  might  well  be  formed  it  is  very  improbable 
that  a  direct  derivative  of  potassamide  would  exist  in  aqueous  solution. 
In  order  to  gain  some  insight  into  the  nature  of  the  reaction,  the  effect 
of  potassium  cyanide  solution  on  nitrogen  iodide  itself  was  first 
studied. 

Action  of  Potassium  Cyanide  on  Nitrogen  Iodide. — It  was  observed 
by  Millon,  in  1839,  that  nitrogen  iodide  dissolves  in  potassium  cyanide, 
but  the  products  of  the  reaction  have  hitherto  remained  uninvestigated. 

For  the  elucidation  of  the  mechanism  of  the  reaction,  experiments 
were  first  made  to  ascertain  the  relative  quantities  of  nitrogen  iodide 
and  potassium  cyanide  taking  part  therein.  The  nitrogen  iodide  was 
prepared  by  the  addition  of  a  standard  solution  of  iodine  chloride  to 
dilute  ammonia.  From  blank  experiments  carried  out  in  a  precisely 
similar  manner  with  the  same  solutions,  the  yield  of  nitrogen  iodide 
was  found  to  be  97  per  cent,  of  that  calculated  from  the  strength  of 
the  iodine  chloride  solution  used.  The  amount  of  a  standard  solution 
of  potassium  cyanide  necessary  to  dissolve  a  known  amount  of  nitrogen 
iodide  prepared  as  indicated  above  was  then  estimated.  In  this 
way,  10  c.c.  of  standard  iodine  chloride  solution,  corresponding  with 
0*3t*5  gram  of  iodine,  were  converted  into  nitrogen  iodide  and  titrated 
with  a  standard  potassium  cyanide  (containing  0  01 784  gram  per  c.c). 
The  volume  required  to  cause  complete  solution  of  the  nitrogen  iodide 
was  (1)  11-27,  (2)  ir21,  mean  =11-24  c.c;  that  is,  after  correcting 
for  the  yield  of  nitrogen  iodide,  1  atom  of  iodine  corresponds  with 
1-034  molecule  of  potassium  cyanide.  Hence  one  molecule  of  nitrogen 
iodide  (NHj!Nij)  refjuires  3  molecules  of  potassium  cyanide  for  its 
Holution.  Ex[)erimont8  in  which  varying  (juantitios  of  ammonia  were 
viKud  showed  that,  provided  the  (piantity  pre.sont  is  sulHcient  to  suppress 
the  hydrolysis  of  the  cyanide,  excess  of  ammonia  is  without  influence, 
on  till!  ntnount  of  |)otaH8ium  cyanide  necessary  for  complete  solution  of 
the  niti();'<'n  iodido. 
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For  the  investigation  of  the  products  of  the  reaction,  a  quantity  of 
well  washed  nitrogen  iodide  was  covered  with  a  little  ice-cold  water, 
and  then  treated  with  a  concentrated  solution  of  potassium  cyanide, 
also  at  0°,  until  the  black  precipitate  had  disappe&red.  A  white,  in- 
soluble residue  remained,  but  this  passed  into  solution  on  allowing  the 
liquid  to  attain  the  ordinary  temperature.  A  quantity  of  the  white 
residue  was  collected  at  0"'  and  recrystallised  from  ether ;  it  melted 
at  HC^  and  its  properties  agreed  with  those  of  cyanogen  iodide  (m.  p. 
146 '5°).  The  identity  was  confirmed  by  analysis  : 

01716  gave  136  c.c.  moist  nitrogen  at  185°  and  765  mm.    N  -9-21. 
CNI  requires  N«9'18  per  cent. 

A  further  quantity  of  this  product  was  obtained  by  extracting  tl»e 
solution  with  ether.  A  portion  of  the  solution  which  had  not  been 
thus  extracted  with  ether  was  allowed  to  evaporate  in  a  Tacuam 
desiccator  over  concentrated  sulphuric  acid.  Ammonia  and  cyanogen 
were  evolved,  the  former  in  large  quantities.  As  the  solution  became 
concentrated,  crystals  slowly  separated  ;  these  were  collected  in  four 
fractions  and  found  to  consist  of  the  following  salts  : 


let  Fi-action. 

KI  =  75*0  per  cent. 

K^CO,  =  23-8  per  cent. 

2nd        ., 

KI  =  91-9 

K/^03=    7-99 

3rd 

KI  =  93-5 

4th 

KI  =  78-5 

The  fourth  fi*action  contained,  in  addition,  a  quantity  of  potassium 
cyanate,  which  was  identified  by  conversion  into  urea.  With  this 
object  in  view,  the  remainder  was  treated  with  ammonium  sulphate 
and  carefully  evaporated  to  dryness.  The  residue  was  dissolved  in  a 
little  water  and  a  small  quantity  of  50  per  cent,  nitric  acid  added  to 
the  cold  solution.  The  crystalline  precipitate  of  urea  nitrate  which 
rapidly  separated  w^as  collected,  washed  with  water  and  alcohol  to 
remove  a  small  quantity  of  free  iodine  present,  and  further  identified 
by  means  of  the  biuret  test.  The  products  thus  isolated  were  am- 
monia, cyanogen,  potassium  iodide,  potassium  cyanate,  and  potassium 
carbonate. 

It  was  shown  above  that  each  molecule  of  nitrogen  iodide  re- 
quired 3  molecules  of  potassium  cyanide  for  complete  solution,  thus  : 

3KCN  +  NH3NI3  +  3H3O  =  3CNI  -I-  3K0H  +  2NH3. 

The  cyanogen  iodide  was  partially  isolated  as  such,  but  if  left  in 
solution  it  gradually  interacted  with  the  free  potassium  hydroxide.  The 
other  compounds  isolated  must  be  considered  as  products  of  this 
secondary  decomposition.  Cyanogen  chloride  is  known  to  yield  potassium 
cyanate  when  treated  with  caustic  potash.     Hence  it  is  not  surprising 
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to  find  that  cyaaogeu  iodide  behaves  in  a  similar  manner,  yielding 
potassium  cyanate  and  iodide.  The  potassium  carbonate  and  ammonia 
found  were  evidently  products  of  the  hydrolysis  of  potassium  cyanate. 

As  previously  shown,  the  cyanogen  iodide  is  present  as  an  unstable, 
intermediate  product,  and  is  only  isolated  as  a  solid  compound  if 
the  temperature  is  kept  low  and  the  solution  sufficiently  concentrated 
to  prevent  the  iodide  from  dissolving  and  undergoing  further  decom- 
position. 

Action  oj  Potassium  Cyanide  on  iJie  Silver  Compound. — The  forego- 
ing experiments  show  that  the  solubility  of  the  silver  compound  in 
potassium  cyanide  is  more  likely  to  be  due  to  the  formation  of  cyanogen 
iodide  than  to  any  soluble  potassium  derivative  of  nitrogen  iodide.  In 
order  to  elucidate  this  point,  a  freshly  prepared  and  carefully  washed 
sample  of  the  silver  derivative  was  suspended  in  a  little  water  and 
treated  with  four  molecular  proportions  of  potassium  cyanide  at  0°. 
A  thick  precipitate  resulted,  which,  after  filtration,  proved  to  be  very 
sparingly  soluble  in  ether.  The  soluble  portion  con!>isted  of  cyanogen 
iodide  (m.  p.  146°)  and  the  insoluble  portion  of  silver  iodide  mixed  with 
a  small  quantity  of  the  cyanide.  The  aqueous  solution  yielded,  on  evapora- 
tion, the  same  compounds  as  those  obtained  when  nitrogen  iodide  itself 
is  treated  with  potassium  cyanide,  together  with  a  small  quantity  of 
silver  iodide  which  separated  from  solution  daring  evaporation.  The 
reaction  is  thus  to  be  represented  as  follows  : 

NIgNHjAg  +  4K0N  +  4Hp  =  3CNI 4-  AgCN  -f-  4K0H  -i-  2NH3. 

As  already  indicated  the  production  of  potassium  carbonate  was 
evidently  due  to  secondary  reactions. 

When  the  ice-cold  solution  of  the  silver  derivative  in  potassium 
cyanide  is  allowed  to  attain  the  ordinary  temperature,  cyanogen  is 
evolved,  and  the  precipitate  consists  only  of  silver  iodide.  A  second 
portion  of  the  silver  compound  was  therefore  treated  with  a  large 
excess  of  potassium  cyanide.  This  increased  the  formation  of  cyan- 
ogen iodide  considerably,  upwards  of  30  per  cent,  of  the  iodine  being 
recovered  as  such.  On  acidifying  the  pota.ssium  cyanide  solution, 
after  extraction,  61  "5  per  cent,  of  the  total  iodine  was  recovered 
as  silver  iodide.  It  appears  therefore  that  cyanogen  iodide  is  not 
stable  in  presence  of  silver  cyanide  unless  potassiuui  cyanide  is  present 
in  sufficient  excess  to  prevent  the  precipitation  of  silver  iodide. 

It  still  remained,  however,  to  explain  the  regeneration  of  the  silver 
compound  on  the  addition  of  ammoniacal  silver  nitrate.  In  order  to 
elucidate  this  point,  the  action  of  cyanogen  on  amuiouia  and  ammoniacal 
silver  solutions  was  Ktudied. 

Experiment  shows  that  cyanogen  iodide  does  not  precipitate  nitrogen 
iodide  from  ammonia  in  the  absence  of  silver.     Jf,  however,  an  ammo- 
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niacal  solution  of  silver  oxide,  nitrate,  or  cyanide  is  added  tu  cyanogen 
iodide,  the  silver  compound  is  immediately  precipitated. 

Thus  22  8  c.  c.  of  a  5  per  cent,  solution  of  silver  nitrate  war*  treated 
with  30  c.c.  of  10  per  cent,  ammonia,  cooled  to  0°,  and  treated  with 
bO  c.c.  of  a  2  per  cent,  solution  of  cyanogen  iodide  to  which  2  c.c  of 
30  per  cent,  ammonia  had  been  previously  added.  The  washed  precipi- 
tate gave  the  following  analytical  results  : 


Ag. 

I. 

N. 

0-2105 

07437 

0-0549 

100 

SCO 

2  09 

Weight  in  grams 
Atomic  proportions 

The  mechanism  of  the  regenemtiun  of  the  silver  compound  is  thus 
explained.  Evidently  cyajiogen  iodide  reacts  with  ammonia,  forming 
traces  of  nitrogen  iodide,  but  the  concentration  does  not  reach  the 
pi)int  at  which  the  compound  is  precipitated.  On  the  addition  of  silver 
solution,  the  mure  spiu'ingly  soluble  silver  compound  at  once  Sf  itanites 
out,  and  thus,  by  removing  the  nitrogen  iodide  from  the  sphere  of  action, 
admits  of  its  further  formation. 

In  conclusion,  I  wish  to  express  my  thanks  to  Mr.  Smart  for  his 
assistance  and  to  the  Explosives  Committee  for  permission  to  publish 
these  results. 

Research  Laboratories, 
Royal  Ahsknal. 


XI. — The    Diazo- derivatives   of   the   Benzenesulphonyl' 
phenylenediamines. 

By  Gilbert  Thomas  Morgan  and  Frances  Masy  Gork 

MK'KLKTHWAIT. 

The  study  of  the  diazo-reaction  is  often  rendered  inconclusive  owing 
to  the  unstable  and  eveu  explosive  chai-acter  of  many  of  the  products, 
and  the  authors  have  been  engaged  for  some  time  in  endeavouring  to 
prepare  stable  diazouium  salts  in  order  to  obtain  from  them  well- 
defined  diazo-derivatives  which  might  be  useful  in  investigations  bearing 
on  the  constitution  of  compounds  of  this  class. 

In  the  diazonium  sulphate  of  6-aminocoumarin  recently  described 
(Trans.,  1904,  86,  1235),  a  considerable  degree  of  stability  is  attained, 
the  dry  salt  being  apparently  non-explosive  and  remaining  unchanged 
for  several  months.*      Nevertheless,  the  diazoc-yanides  derived  from 

*  Quite  recently,  a  series  of  stable  crystalline  chromates  has  been  described  by 
Meldola  and  Eyuon  (this  vol.,  p.  1),  and  Cain  (this  vol.,  p.  7)  has  obtained  4'-hydr- 
oxy-3-ethoxydiphenyl-4-diazonium  sulphate,  a  salt  which  also  possesses  great 
stability. 
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this  substance  were  not  so  stable  as  might  have  been  anticipated,  and  ■ 
it  was  therefore  not  found  possible  to  extend  the  study  of  the  diazo- 
reaction  in  this  direction. 

Experiments  were  then  instituted  with  the  view  of  obtaining  diazo- 
derivatives  containing  an  optically  active  substituent  in  order  that 
the  constitutional  changes  undei'gone  by  these  substances  under  the 
influence  of  acids  and  alkalis  might  to  some  extent  be  traced  polari- 
metrically,  even  although  the  products  might  prove  to  be  too  unstable 
to  admit  of  their  being  isolated. 

d-Camphor-fi-suljihonT/l-p-nitroaniline,  the  substituted  sulphonamide 
produced  by  the  interaction  of  j9-niti'oaniline  and  Reychler's  (Z-camphor- 
sulphonic  chloride,  when  reduced  in  such  a  manner  that  the  camphor- 
sulphonyl  group  is  not  eliminated,  yields  d-camphor-ft-sulphonyl-j)-pheni/l- 
euediamine,  C^QHj^O'SO^'NH'CgH^'NHj,  an  optically  active  base,  the 
hydrochloric  acid  solution  of  which,  when  diazotised  in  the  ordinary 
way,  yields  a  diazonium  chloride,  CioHjjO-SOj'NH'CgH^'NgCl.  This 
salt,  when  treated  with  dilute  aqueous  sodium  carbonate,  sodium 
acetate,  or  ammonia,  does  not  yield  the  corresponding  diazo-hydroxide, 
but  gives  rise  to  a  sparingly  soluble  crystalline  yellow  diazoimide.  The 
analysis  of  this  product  indicates  that  it  is  formed  by  the  elimination 
of  hydrogen  chloride  from  the  diazonium  salt,  its  composition  corre- 
sponding with  the  formula : 

Although  compounds  of  this  type  have  been  obtained  from  certain 
acyl  (acetyl  and  benzoyl)  derivatives  of  o-phenylenediamine  {Annalen, 
1887,  240,  119;  1888,  249,  363;  Ainer.  Chem.  J.,  1895,  17,  452), 
this  condensation  has  not  hitherto  been  noticed  to  occur  among 
the  monoacylated  /j-phenylenediaraines.  The  investigation  was  there- 
fore extended  to  the  simpler  case  of  benzenesulphoni/l-^-pheiii/lenediamine, 
and  the  behaviour  of  this  substance  towards  nitrous  acid  was  compared 
with  that  of  its  ortho-  and  mota-isomerides  under  similar  conditions. 

Benzonesul phony  1-jophenylonediamine,  when  diazotised  in  moderately 
concontmted  hydrochloric  acid,  yields  a  diazonium  cidoride, 

C^ll5-SU./NU-Coll^-N.Cl, 
which  separateH  out  from  the  acid  solution  and  is  quite  stable  in  the 
dry  state.  An  aqueous  solution  of  this  salt,  when  treated  with 
sodium  acetate,  gives  rise  to  a  spai'ingly  soluble  diazoiuiido  which 
separates  in  Hinall,  yellow  needles,  closely  resembling  the  foregoing 
(/ camphorsulphonyl  derivative.  This  diazoimide  is  formed  directly 
when  the  substituted  diamine  is  treated  with  sodium  nitrite  iti  cold 
glacial  acetic  acid. 
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BenzeDesulphonyl-o-phenyleDediamine,  when  treated  with  nitrite 
iu  cold  hydrochloric  acid  solution,  at  once  yields  a  colourless  diazo- 
imide.  lu  this  case,  the  formation  of  an  intermediate  diazonium  salt 
could  not  be  detected  even  when  a  large  excess  of  acid  was  employed. 

The  distinctly  yellow  hue  of  the  diazoimides  derived  from  (i-camphor- 
/3-sulphonyl-/*-phenylenediamine  and  benzenesulphouyl-/>-phenylenedi- 
amine  as  contrasted  with  the  colourless  appearanc*  of  the  compound 
from  beiizenesulphonyl-o-phenylenediamine  suggests  that  the  para- 
derivatives  may  have  a  constitution  differing  from  that  of  the  ortho- 
compound.  The  diazoimide.s  of  the  mouoacylated  o-diaminea  have  been 
hitherto  regarded  as  being  derived  from  azimiuobeoaene,  and  in 
accordance  with  this  view  the  foregoing  colourless  oriho-diazoimide 
{benzenefulphonyl-o-phenylenediazoimide)  should  have  a  constitution  re- 
presented by  the  formula 


I        I 


n:n 


Since,  however,  the  substance  is  formed  in  strongly  acid  solutions  in 
which  the  diazo<^omplex  might  be  expected  to  exist  in  the  diazonium 
form,  the  following  alternative  configuration, 


cannot  altogether  be  ignored.  The  former  formula,  containing  the 
tive-membered  ring,  is  the  more  likely,  as  the  formation  of  the  cyclic 
compound  occurs  equally  readily  in  the  absence  of  mineral  acids.  In 
the  case  of  the  isomeric  coloured  para-diazoimide,  two  alternative 
methods  of  formulating  the  structure  of  the  compound  are  possible  : 


N-SOj-C.Hj 

^^N.SO,.C,H, 

11      II 

1      II 

or 

/\ 

N=N 

I.  II. 

The  former  of  these  formulte  represents  the  substance  as  a  cyclic 
para-diazoimide  {benzenesulphonyl-^p/tenylenediazoimid^),  whereas  the 
latter  indicates  a  quinonoid  con^gumtion^benze^iegulp/ionylimino-T^benzo- 
quinonediazide).  With  this  substance  there  can  scarcely  be  any  ques- 
tion of  a  diazonium  structure,  sinee  the  compound  is  not  formed  uutil 
the  diazonium  chloride  is  decomposed  by  sodium  acetate  or  a  weak 
alkali. 
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The  difEerence  in  stability  between  the  colourless  ortho-diazoimide 
and  the  yellow  para-diazoimide  is  very  great.  The  former  is  not  more 
sensitive  to  light  than  other  colourless,  aromatic  acylated  bases,  and 
may  be  boiled  with  50  per  cent,  aqueous  caustic  potash  without  under- 
going any  change  ;  moreover,  it  is  not  attacked  by  concentra*  ed  hydro- 
chloiic  acid.  The  latter  is  extremely  sensitive  to  light,  its  bright 
yellow  colour  changing  to  a  dull  brown  on  exposure  for  a  lew  hours  ; 
it  is  decomposed  into  resinous  products  by  hot  aqueous  alkalis,  or  even 
by  boiling  water,  and  it  readily  dissolves  in  cold  concentrated  hydro- 
chloric acid  to  regenerate  quantitatively  the  original  benzenesulphonyl- 
j9-aminobenzenediazonium  chloride  which  subsequently  crystallises  from 
the  acid  solution. 

Further  experiments  will  be  made  in  order  to  ascertain  within  what 
limits  the  formation  of  these  coloured  para-diazoimides  is  possible,  and 
whether  the  condensation  occurs  when  other  acyl  groups  are  sub- 
stituted for  the  benzenesulphoayl  complex.  In  this  connection,  it  is  of 
interest  to  notice  that  Nietzki,  who  first  diazotised  acetyl-jo-phenylene- 
diamine,  does  not  record  the  formation  of  an  acetyl-jt>-diazoimide  of  this 
type  (Ber.,  1884,  17,  344). 

Benzene8tdphonyl-m.-phenylenediamine  differs  considerably  from  its 
two  isoraerides  in  its  interaction  with  nitrous  acid  and  does  not  appear 
to  have  any  tendency  to  form  a  cyclic  diazoimide  by  internal  condensa- 
tion. When  diazotised  in  modei'ately  concentrated  hydrochloric  acid, 
it  yields  a  diazonium  chloride  which  separates  out  from  the  acid  solu- 
tion. This  salt  is,  however,  less  stable  than  the  corresponding  para- 
compound,  and,  when  washed  with  water  or  alcohol  until  free  from 
acid,  it  undergoes  partial  decomposition  and  acquires  a  red  tint.  This 
change  may  be  brought  about  more  readily  by  the  action  of  aqueous 
sodium  acetate,  when  a  molecule  of  the  diazonium  salt  loses  its  diazo- 
nitrogen  and  becomes  converted  into  a  phenolic  derivative  which  at 
once  condenses  with  a  second  molecule  of  the  diazonium  salt  to  form  a 
somewhat  ill-defined,  yellowish-red  azo-compound,  which  has  a  com- 
position corresponding  approximately  with  the  formula 

CVH,'SO,-NH-CeH,-N2-C,H3(OH)-NH-SO,-C,H,. 
This  change  is  complete  in  about  30 — 40  minutes,  even  at  the  ordinary 
temperature,  the  amount  of  nitrogen  eliminated  agreeing  closely  with 
the  (juantity  required  by  theory. 

The  distinctive  character  of  the  behaviour  of  each  of  the  three 
bonKonenul])honylphenylenodiamine8  towards  nitrous  acid  disappears 
when  the  iminic  hydrogen  atom  of  the  substituent,  CuITj'SO^'Nlf,  is 
roplHced  by  a  methyl  group.  fiH-Benzeneatdphovylviethyl-m-phtxylene- 
diamine  yields  a  diazonium  chloride,  Ihe  aqueous  solution  of  which  is 
not  appreciably  aflFected  by  sodium  acetate.    ua-Benzeneeulphonylmet/iyl- 
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o-plt/tnyUnediamine  also  gives  rise  to  a  diazonium  chloride,  the  forma- 
tion of  a  cyclic  diazoimide  by  internal  condensation  being  no  longer 
possible  ;  this  is  also  true  of  the  diazonium  salt  derived  from  a»- 
benzeneaulphonylmethyl-^-phenyleiudiuinine.  That  these  diazo-compounds 
are  really  normal  diazonium  salts  is  shown  by  condensing  them  with 
yS-nnphthol  in  alkaline  solution,  when,  in  each  caae,  an  insoluble  azo- 
^-naphthol  derivative  is  at  once  precipitated. 

The  diazonium  salts  from  (2-camphorsulphonyl-/>-phenylenediamiDe 
and  the  benzenesulphonyl  derivatives  of  m-  and  />-phenyIenediaminea 
also  yield  azo-compounds  with  ^-naphthol,  but  in  these  instanoM 
the  products  at  first  remain  dissolved  in  the  alkaline  solution  and  after- 
wards separate  slowly  in  the  form  of  sparingly  soluble  alkali  deriva- 
tives, which  are  readily  decomposed  by  acetic  acid,  yielding  the  free 
azo-)3-naphthols.  This  difference  in  the  behaviour  of  the  two  series 
of  azo-/3-naphthol  derivatives  is  undoubtedly  due  to  the  acidic  charac- 
ter of  the  iminic  hydrogen  of  the  complex  RSO,*NH-  which  is 
present  in  the  latter  series,  the  azo-derivative  losing  its  acidic  charac- 
ter in  aqueous  solution  when  this  hydrogen  atc^m  is  replaced  by  methyl 
as  in  the  azo-compouuds  derived  from  the  three  oa-benzenesul phony  1- 
methylphenylenediaminea. 

The  foregoing  results  indicate  that  in  order  to  study  the  diazo- 
reaction  more  completely  with  the  optically  active  base  containing  the 
camphor  residue  it  will  be  necessary  to  alkylate  the  group 

and  thus  prevent  the  formation  of  the  cyclic  diazoimide  by  internal  con- 
densation. Experiments  with  this  end  in  view  are  in  progress, 
together  with  others  having  for  their  object  the  more  extended 
examination  of  the  new  series  of  acyl  para-diazoimides,  the  existence 
of  which  has  been  demonstrated  by  the  investigations  described  in  this 
papei". 

Experimental. 

d-Caynp/ior-^-sulphonyl-p-nitroanUiiM,  Cjj^HjjO'SOj'NH'CgHj'NOj, 
was  prepared  by  heating  together  on  the  sand-bath  10  parts  of  Rey- 
chler's  rf-camphorsulphonic  chloride  with  12  parts  of  p-nitroaniline 
(2  mols.)  in  30  parts  of  toluene.  At  tirst  the  substances  mixed  com- 
pletely, yielding  a  clear  solution,  but  a  precipitate  rapidly  formed  which, 
after  two  hours,  was  removed  and  the  filtrate  further  heated,  when  a 
second  crop  of  the  solid  was  obtained.  The  product  was  dissolved  by 
boiling  with  excess  of  aqueous  sodium  carbonate,  the  solution  was 
allowed  to  cool  until  the  excess  of  />-nitroaniline  had  again  separated, 
when   the   (Zcamphoriulphonyl    derivative  was  precipitated   from  the 
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filtrate  with  hydrochloric  acid  and  crystallised  from  dilute  alcohol,  being 
finally  obtained  in  lustrous,  amber-coloured  needles  melting  at 
145°. 

0-1972  gave  0-3963  COo,  0-1046  H^O.     C  =  54-82  ;  H  =  5-89. 
0-1920     „     12-6  c.c.  nitrogen  at  17-5°  and  775  mm.     N  =  7-78. 
0-1799     „     0-1242  BaSO^.     8  =  9-48. 
C'leHjoOgNgS  requires  C  =  54-80  ;  H  =  5-67  ;  N  =  7-95  ;  S  =  9-10  per  cent. 


dL-Gamplior-^-stdphonyl-T^-phenylenediamine, 

The  foregoing  nitro-compound  (6  grams),  suspended  in  200  c.c.  of  hot 
water  acidified  with  1  gram  of  glacial  acetic  acid,  was  treated  with 
6  grams  of  iron  filings ;  the  mixture  was  boiled  for  about  an  hour  after 
the  introduction  of  the  metal,  rendered  alkaline  with  1-8  grams  of 
potassium  hydrogen  carbonate,  and  filtered  rapidly  at  the  pump.  Since 
the  benzenesulphonyldiamine  has  sufficiently  acidic  properties  to  re- 
main dissolved  in  the  alkaline  solution,  the  filtrate  was  neutralised  with 
acetic  acid  and  then  allowed  to  crystallise.  The  greater  part  of  the 
base  remained  in  the  oxide  of  iron  precipitate,  and  was  extracted  then  - 
from  by  boiling  alcohol.  The  total  yield  from  the  alcoholic  and  aqueous 
solutions  was  5  grams. 

The  new  diamine  is  insoluble  in  light  petroleum  (b.  p.  60 — 80°),  but 
dissolves  in  water,  chloroform,  acetone,  ethyl  acetate,  benzene,  or 
toluene ;  it  crystallises  most  readily  from  its  solutions  in  alcohol  or 
pyridine,  and  separates  in  almost  colourless,  acicular  prisms  melting  at 
186°.  Prolonged  boiling  with  these  solvents  tends  to  darken  the 
product. 

0-2099  gave  16-25  c.c.  nitrogen  at  15-5°  and  760  mm.     N  =  9-08. 
0-2537     „     01893  BaSO^.     8=10-24. 

CiflHgaOgNgS  requires  N  =  8-70  ;  8  =  10-00  per  cent. 

A  specimen  of  the  base  crystallised  from  pyridine  and  dissolved  in 
acetone  was  examined  in  the  polarimeter :  04084  in  25  c.c.  of  acetone 
gave  a=  1-50°,  whence  [a\o  =  +45-8°. 

</-Camphor-/3-8ulphonyl-7)-phenylenedianiine  (4  grams)  was  diazotised 
in  8  c.c.  of  hydrochloric  acid  (sp.  gr.  117)  diluted  with  100  c.c.  of  ice- 
water  by  the  action  of  6  c.c.  of  20  per  cent,  sodium  nitrite  solution.  The 
clear  Holution  thus  obtained  was  divided  into  two  equal  parts,  one  of 
which  was  filtered  and  treated  with  excess  of  iKjueous  sodium  acetate. 
The  yellow,  cryHtalline  precipitate  which  rapidly  separated  was  collected 
and  washed  «uc<'OHsivoly  with  water,  alcohol,  and  light  y)otroloum. 
i\-Cavt^plior(i-8ulphoiiyl-\>-j>lienyleiudiazoimide,  (!^lljI[Ny|-80^,'Cn,II,r,0, 
thus  obtained,  watt  analyued  without  further  purification. 
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01672  gave  187  c.c.  nitrogen  at  18°  and  756  mm,     N  =  12-85. 
CjgHjgOgNgS  requires  N=  1261  per  cent. 

This  substance  decomjwses  violently  at  118 — 120°  when  quickly 
heated,  but  when  the  temperature  is  raised  more  slowly  it  darkens  at 
this  temperature  and  gi-adually  chars,  becoming  quite  black  above  200°. 

The  new  diazoimide,  although  decomposed  on  boiling  with  alcohol, 
may  be  crystallised  from  benzene,  but  in  this  case  also  prolonged 
digestion  with  the  hot  solvent  causes  decomposition.  It  dissolves  in 
cold  concentrated  hydrochloric  acid  or  in  50  per  cent,  sulphuric  acid  to 
foinn  the  corresponding  colourless  diazouium  Rait,  which  couples  with 
alkaline  yS-naphthol,  yielding  the  following  azo-derivative, 

d-Camphor-fi-8ulphonyl-pMminobenzene  azo-p-nap/tt/toi, 

CioH,,oso,-nhc,h,-n:n-c\oH.-oh, 

•WHS  prepared  by  adding  the  second  portion  of  the  diazotised  solution 
to  a  solution  of  ^-naphthol  in  cold  a«jueou3  caustic  soda,  when  a 
gelatinous,  dark  red  substance  was  slowly  prei-ipitated  ;  this  compound 
redissolved  on  warming,  the  solution,  and  a  dark,  granular  precipitate 
with  a  green  reflex  separated  on  cooling.  This  product,  which 
appeared  to  be  a  sodium  derivative,  was  dissolved  in  hot  glacial 
ueetic  acid  and  the  free  azo-y9-naphthol  septarated  on  cooling  in  dark  red, 
nodular  crystals  with  a  green,  metallic  lustre ;  it  melted  at  192^. 

0-4183  gave  31  5  c.c.  nitrogen  at  19^  and  733  mm.     N-8-81. 
C'^flHjyO^NgS  requires  N  =  880  per  cent. 


Tfie  BeitzwiesulpJwnt/lnitroanUines. 

These  compounds,  which  have  already  been  described  by  Lellmann 
{£«r.,  1883,   16,  596 ;    Annalen,  1883,  221,    16),    were  prepared  by 

heating  1  mol.  of  benzeiiesulphonic  chloride  with  2  mols.  of  the  nitro- 
aniliue  dissolved  in  toluene.  This  condensation  is  effected  most  easily 
in  the  case  of  the  meta-base,  and  least  readily  with  the  ortho-isomeride. 
In  each  case,  the  crude  product  after  evapoi-ating  off  the  toluene  was 
boiled  with  an  excess  of  aqueous  sodium  carbonate  until  the  whole 
mass  had  dissolved.  The  solution,  when  allowed  to  cool,  deposited  the 
excess  of  nitroaniliue  (1  mol.),  and  the  tilti-ate  on  acidification  with 
hydrochloric  acid  yielded  the  benzenesulphonyl  derivative,  which  was 
purified  by  repeated  crystallisation  from  dilut-e  alcohol ;  the  yields 
given  below  were  in  each  case  obtained  from  28  grams  of  the  nitro- 
aniliue and  18  grams  of  the  acid  chloride. 

Benzeuesulphonyl-^-nitroaniUne  separated  in  pale  yellow,  prismatic 
needles  melting  at  139°  (Lellmann  gave  139°);  the  yield  was  about 
29  gi-ams. 
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Benzenesulphonyl-m-nitroaniline  crystallised  in  prismatic  crystals 
melting  at  133'5°  (Lellmann  gave  131 — 132°);  the  yield  was 
31  grams. 

Benzenesulphonyl-o-nitroaniline  crystallised  in  tabiilar  prisms  and 
melted  at  104°  (Lellmann  gave  104°) ;  the  yield  was  13  grams. 

The  Benzenesulph  o  nylphtnylenediamines. 

The  nitro-compounds  described  in  the  preceding  section  were  reduced 
with  iron  filings  and  hot  water  acidified  with  a  small  amount  of  acetic 
acid. 

Benzenesulphonyl-^-phenylenediamine,  CgIl5*S0.2'NH*CgH4*NH2,  was 
readily  obtained  in  almost  quantitative  yield  by  suspending  the 
corresponding  nitro-compound  (7  grams)  in  50  c.c.  of  hot  water  acidi- 
fied with  1  gram  of  glacial  acetic  acid  and  gradually  adding  5  grams  of 
iron  filings.  As  there  was  no  spontaneous  action,  the  mixture  was 
boiled  for  30 — 40  minutes,  50  c.c.  of  hot  water  being  added  as  the 
reduction  proceeded.  After  introducing  1*5  grams  of  sodium  hydrogen 
carbonate,  the  mixture  was  rapidly  filtered  whilst  hot ;  the  filtrate, 
when  cooled  and  neutralised  with  acetic  acid,  deposited  a  small  crop  of 
acicular  crystals,  but  as  the  greater  portion  of  the  substituted 
diamine  remained  in  the  oxide  of  iron  precipitate  this  residue  was 
extracted  with  boiling  alcohol.  The  extract,  when  filtered  and  cooled, 
deposited  colourless  crystals,  which  were  recrystallised  from  the  same 
solvent  and  then  melted  at  173° 

0  3150  gave  32  c.c.  nitrogen  at  19°  and  747  mm.     N  =  11-48. 
0-2724     „     0-2543  BaSO^.     8=12-81. 

Ci-jHijOgNgS  requires  N  =  11-29  ;  S=  12-90  per  cent. 

The  method  of  reduction  and  extraction  adopted  iu  the  foregoing 
preparation  was  also  applied  in  producing  benzenesulphonyl-o- 
phenylenediamine,  which  has  already  been  described  by  Lellmann 
{loc.  cit.),  who  gave  its  melting  point  as  168°.  Our  preparation,  which 
crystallised  from  dilate  alcohol  in  acicular  prisms,  melted  at  165 — 167°. 

0-1836  gave  18-3  c.c.  nitrogen  at  19°  and  752  mm.     N  =  11-33. 
CijH,202N^S  requires  N  =  11  29  per  cent. 

The  yield  obtained  by  this  method  of  reduction  was  almost  quantita- 
tiva 

JBenzeiutulphonyl-m-phenylenediamine  was  proiluced  by  reducing 
7  grams  of  the  corresponiiing  nitro  compound  with  5  grams  of  iron 
filinf^H,  100  c.c.  of  hot  wutor  (added  in  2  instalments),  and  1  gram  of 
glucial  acetic  acid.  In  this  oxiKjrimont,  the  boiling  was  discontinued 
15  mintiteH  nfter  the  last  lot  of  metal  had  been  introduced  ;  1-5  grams 
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of  sodium  hydrogen  carbonate  were  then  added  and  the  mixture 
rapidly  filteied.  The  residue  was  extracted  with  alcohol,  which,  how- 
ever, in  the  case  of  this  isomeride  deposited  very  little  of  the  base  on 
cooling.  The  crude  product  was  purified  by  crystallisation  from  water 
containing  a  little  alcohol,  some  animal  charcoal  being  employed  to 
decolorise  it.  The  purified  base  crystallises  in  pearly  platee  melting *t 
98 — 99^  ;  it  is  somewhat  too  soluble  to  cryetallise  well  from  ethyl 
acetate,  acetone,  or  the  alcohols. 

01 222  gave  122  c.c.  nitrogen  at  19°  and  756  mm.     N-  11  42. 
C^jHiP^NgS  i-equires  N  =  11-29  per  cent. 

BeiizeDesulphonyl-7>i-phenylenediamiue,  when  suspended  in  water 
and  treated  successively  with  diazobenzenesulphonic  acid  and  aodiom 
carbonate,  at  once  yields  a  deep  red,  soluble  azo-colouring  matter. 
Under  these  conditions,  its  ortho-  and  para-isomerides  at  first  give  a 
negative  result,  but  in  both  cases  the  mixture  subsequently  develops 
a  yellowish-brown  coloration. 

Action  of  Nitroua  Aeid  on  B«nx§Ha*ulpkonyl-o-pJk«n^»n0duumn§, 

BenzeneauJphonj/l-o-phenyletudiazoimide,  CjH^![N,]*80,*CuH5,  is  ob- 
tained by  adding  an  aqueous  solution  of  sodium  nitrite  (1  mol.)  to  a 
suspension  of  b.  nzenesulphonyl-o-phenylenediamine  hydrochloride  in 
cold  hydruchlorie  acid.  It  may  also  be  prepared  by  adding  the  nitrite 
to  a  solution  of  the  diamine  in  glacial  acetic  acid,  when  it  separates  in 
small,  colourless  needles  melting  at  130°.  The  yield  of  the  diazoimide 
by  tlie  former  method  of  preparation  is  practically  quantitative.  The 
compound  may  be  crystallised  from  benzene,  but  prolonged  boiling 
with  tuis  solvent  produces  a  discoloration  of  the  product. 

01274  gave  184  c.c,  nitrogen  at  18°  and  7 U  mm.     N - 16-32. 
02562     „     02263  BaSO^.     8  =  12  14. 

CjjH^O^N^S  requires  N  =  1621  ;  S=  12  35  per  cent. 

Three  determinations  of  the  molecular  weight  by  the  cryosoopic 
method  in  benzene  gave  M.  W.  =  229,  252,  243,  the  theory  requiring 
M.  W.  =  259. 

Action   of  Nitrous  Acid  on  BenzenestUphonyl-p-phenj/lenediamtne. 

BenzenestUphonyl-Tp-aminobemenediazoniufn  chloride, 
C^H^- bO^- N  H  •  C,H, -X^Cl, 
separates  out  as  a  bulky  precipitate  of  colourless,  felted  needles  on  adding 
aqueous  sodium   nitrite  to  a  solution  of  the  />-diamine  in  excess  of 
hydrochloric  atid  (3  parts  of  concentrated  acid :  10  parts  of  water);  when 
collected   and   washed   successively   with   water,    alcohol,   and     light 

VOL.   LXXXVll.  G 


82      MORGAN  AND  MICKLETHWAIT  :   THE   DIAZO -DERIVATIVES 

petroleum,  it  was  dried  in  the  desiccator,  and  then  gave  the  following 
result  on  analysis  : 

•  0-1680  gave  19-8  c.c.  nitrogen  at  16*5°  and  764-5  mm.     N-  13-77. 
OjgH^QOgNgOlS  requires  17  =  14-21  per  cent. 

This  salt  dissolves  in  cold  water,  giving  a  faintly  acid  reaction  with 
litmus  paper.  On  mixing  this  solution  with  one  of  /3-naphthol  in 
aqueous  caustic  potash,  an  azo-compound  was  immediately  produced, 
but  at  first  this  substance  remained  dissolved,  and  afterwards  gradually 
separated  in  the  form  of  its  potassium  derivative. 

£enzene8ulphon9/l-^-aminobenzeneazo-l3-na2)hthol, 

CeHg-SO^-NH-CgH^-NIN-CioHg-OH, 
is  produced  by  dissolving  the  preceding  potassium  compound  in  glacial 
acetic  acid ;  the  solution  on  cooling  deposits  scarlet  needles  melting  at 
239°. 

0-2788  gave  25-0  c.c.  nitrogen  at  19°  and  760  mm.     N  =  10-31. 
C22HJ7O3N3S  requires  N  =  10-42  per  cent. 

The  foregoing  diazonium  salt  yields  azo-colouring  matters  with  "  R 
salt"  and  also  with  "chromotrope  acid,"  but  in  the  former  case  the 
development  of  colour  takes  place  much  more  slowly  than  with 
)8-naphthol. 

Benzenesulpkonyl-p-phenylenediazoimide,  CgH^ ! [Ng] •  SOg*  OgH^,  crys- 
tal lises  out  in  yellow  needles  when  the  aqueous  solution  of  the  fore- 
going diazonium  chloride  is  either  treated  -with  excess  of  sodium 
acetate  or  rendered  alkaline  with  ammonia  or  sodium  carbonate.  It 
may  also  be  prepared  directly  by  adding  aqueous  sodium  nitrite  to  a 
cold  solution  of  benzenesulphonyl-^j-phenylenediamine  in  glacial  acetic 
acid. 

This  diazoimide  is  very  insoluble  in  the  organic  media,  but  when 
obtained,  by  either  of  the  foregoing  methods,  washed  successively  with 
water,  alcohol,  and  light  petroleum,  and  dried  in  the  desiccator,  it  is 
sufficiently  pure  for  analysis. 

0-2900  gave  40-3  c.c.  nitrogen  at  18°  and  757  mm.     N  =  16-00. 
0-1104     „     0-1000  BaSO,.     S=  12-44. 

CjjHeOjNsS  requires  N  =  16-21  ;  S  =  12-36  per  cent. 

The  substance  decomposes  violently  at  about  155°;  it  i-apidly 
darkens  on  exposure  to  light,  but  may  be  preserved  without  change  in 
the  dark.  It  is  insoluble  in  cold  aqueous  caustic  alkali  and  is  resinified 
by  the  boiling  solution  ;  alcoholic  potash  decomposes  it  giving  rise  to 
a  phenolic  substance,  which  gives  a  reddish-brown  coloration  with 
di&zobenzencsulphonic  acid.  The  diazoimide,  when  added  to  cold  con- 
centrated liydro«L-hloric  acid,  rapidly  dissolved,  and,  on  adding  a  few 
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fragments  of  ice  to  the  solution,  benzenes ul phenyl -/>-aminobenzene- 
diazonium  chloride  separated  in  colourless,  felted  needles ;  this  salt 
was  characterised  by  the  formation  of  the  azo-/3-napbthol  derivative. 


Action  qf  Nitrous  Acid  on  Benztnuulphonyl-m-jthenylenediatnmit, 

Bemenetulphoni/l-m-ami7iobenz«tudiazonium  chloride, 
C.H.SO/NII-C^H.-NjCl, 
was  produced  by  Hlowly  adding  aqueous  sodium  nitrite  (1  mol.)  to  a  oold 
suspension  of  the  substituted  ;/(-diamine  in  exoeM  of  ttroug  hydro- 
chloric acid,  and  carefully  tritui-ating  the  mixture  in  a  mortar  until  the 
whole  was  of  a  creamy  consistence.  The  precipitate  was  then  collected 
at  the  pump  and  washed  successively  with  water,  alcohol,  and  light 
petroleum.  During  this  opei-ation,  the  white,  sparingly  soluble  diaxo* 
nium  salt  assumed  a  reddish  tint.  The  chlorine  was  estimated  in  a 
portion  of  the  dried  product,  but  the  result  indicated  that  some  of  the 
diazonium  chloride  had  undergone  hydrolysis.  The  nihstanee  was 
accordingly  characterised  by  means  ai  its  aao-/3-naphthol  dwivative. 

Benzemsulphonyl  va-am inohanrnnaazo-fi-naphtholt 

C^Hj-SOj-NHCaH^-NIN-CioHj-OH, 
produced  in  the  ordinary  way  from  the  forgoing  diazonium  chloride 
and  /3-Daphtbol,  slowly  separates  from  the  alkaline  solution  in  the  form 
of  an  ill-defined  potassium  derivative ;  this  is  decomposed  by  glacial 
acetic  acid  yielding  the  azo-^-naphthol,  which  separates  from  its  solu- 
tions in  this  solvent  as  bright  red,  hard,  prismatic  and  nodular  ciystals, 
melting  at  218°  and  having  a  metallic  lustre. 

01316  gave  1210  c.c.  nitrogen  at  18°  and  773  mm.     N=  10-80. 
CjjHjyOgNgS  requires  N=  10  42  per  cent. 

The  diazonium  chloride  of  benzenesulphonyl-m-phenylenediamine, 
when  dissolved  in  cold  dilute  hydrochloric  acid  and  treated  with  excess 
of  sodium  acetate,  yields  an  orange-red  precipitate,  the  production  of 
which  is  accompanied  by  an  elimination  of  nitrogen.  The  precipitate 
was  washed  with  water  and  dried  on  porous  plate.  This  compound  was 
with  difficulty  obtained  in  a  crystalline  form  by  repeated  extraction 
with  benzene.     The  final  pi'oduct  melted  indefinitely  at  156 — 169°. 

01014  gave  100  c.c.  nitrogen  at  17°  and  770  mm.     N  =  1160. 
01020     „     0-0897  BaSO^.     S  =  1210. 

Cj^HjoO^N^S^  requires  N  =  11-02  ;  S  =  12-59  per  cent. 

These  results  agree  approximately  with  the  formula  of  an  azo-com- 
pound  produced  in  the  following  manner  : 

2C,H5-S02-NH-C,H,-N,-OH  =  N.,  -h  H^O  -f- 

c,4•so3•NH•u^,•^o•c,^,(OH)•^'^•so,•c«H5. 
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The  nitrogen  evolved  in  the  condensation  was  estimated  by  carrying 
out  the  process  on  known  quantities  of  the  diazonium  chloride  placed 
in  a  volumeter.  Weighed  amounts  of  the  «i-diamine  were  diazotised 
in  the  manner  previously  indicated  and  the  diazotised  product  rinsed 
with  hydrochloric  acid  into  the  outer  vessel  of  the  volumeter,  whilst  a 
strong  solution  of  sodium  acetate  was  placed  in  the  inner  tube.  The 
two  liquids  were  thoroughly  mixed  at  the  ordinary  temperature  and 
the  evolved  nitrogen  measux'ed  :  N  =  5-92  (over  water),  5*63,  5"64  (over 
mercury)  ;  the  theory  requires  N  =  5-64  per  cent. 

The  azo-compound  develops  a  brownish-red  coloration  with  con- 
centrated sulphuric  acid. 

When  diazotised  in  glacial  acetic  acid,  benzenesulphonyl-w-phenylene- 
diamine  yields  a  dark  brownish-red,  gelatinous  product  which  gave  an 
intense  blue  coloration  with  concentrated  sulphuric  acid. 

The  diazonium  chloride  of  the  m-diamine,  when  added  to  a  solution 
of  the  base  itself  in  glacial  acetic  acid,  gave  a  yellowish-red  azo- 
compound  which  developed  a  deep  red  coloration  with  concentrated 
sulphuric  acid. 


Preparation  of  the  s^^-Benze^ies^dphonyhiiethyljifienylenediaminea. 

Benze^iesulphonyliiiethyl-T^nitroaniline,  CgH5*S02'N(CH8)'CgH4*N02, 
was  readily  prepared  by  heating  5  grams  of  benzenesulphonyl-j»-nitro- 
aniline  (1  mol.)  and  I'l  grams  of  caustic  potash  (1  mol.)  in  25  c.c.  of 
alcohol,  to  which  are  gradually  added  3 '5  grams  of  methyl  iodide  mixed 
with  25  c.c.  of  alcohol,  the  boiling  being  continued  during  4  to  6 
hours.  At  first  a  crystalline  precipitate  of  the  potassium  derivative, 
Cgllj'SOj'NK'CgH^'NOo,  was  produced,  but  this  gradually  dissolved 
to  an  almost  colourless  solution.  The  solvent  was  partially  evaporated 
and  a  little  water  was  added,  when  the  methyl  derivative  separated  in 
hard,  massive  crystals  which  were  insoluble  in  aqueous  potassium 
hydroxide,  4 — 5  grams  being  thus  obtained.  The  new  compound 
readily  crystallised  from  alcoliol  in  transparent,  pale  yellow  crystals, 
which,  after  recrystallisatiou,  melted  at  120°. 

0'4818  gave  40-3  c.c.  nitrogen  at  18°  and  765  mm.     N  =  9-73. 
CjaHjjO^NjS  requires  N  —  9'58  per  cent. 

Jienzen«8tUphonylmethyl-o-nitrocmiline  was  produced  by  methylating 
benzenesulphonyl-o  nitroanilino  in  the  manner  indicated  in  the  pre- 
ceding experiment,  but  only  half  the  quantity  of  alcohol  was  employed. 
The  product  separated  in  large  plates  and  on  recrystallisation  from 
alcohol  was  obtained  in  the  form  of  polourless  needles  melting  at 
118—119° 
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0-2027  gave  170  c.c.  nitrogen  at  18°  and  774  mm.     N-9-85. 
Cj3HjoO^N.,S  requires  N  =  9*58  per  cent. 

Benzetiestdphonylmethyl-va-nitroaniline. — ^This  compound  wa«  pre- 
pai-ed  just  like  its  ortho-isomeride.  In  this  ca«e,  however,  there  was 
far  less  separation  of  potassium  derivative.  On  evaporating  off  the 
alcohol,  an  oil  separated  which  liai*dened  on  stirring.  This  product 
was  very  soluble  in  benzene,  ethyl  acetate,  and  the  alcoholn,  but  in> 
soluble  in  petroleum ;  it  was  crystallised  from  a  mixture  of  benzene 
and  light  petroleum  (b.  p.  40 — 60°),  when  it  separated  in  roeettee  of 
colourless  needles  melting  at  83°. 

0-2769  gave  236  c.c.  nitrogen  at  18^  and  772  mm.     N-  1000. 
OjjHjjO^NjjS  requires  N  »  958  per  cent. 


Reduction  of  the  BenxenenUphomylmiMkylniiroamlmu. 

In  the  preliminary  experiments  on  the  reduction  of  the  preceding 
methylated  nitro-derivatives,  it  was  found  that  this  reaction  took  place 
much  less  readily  than  in  the  case  of  the  unmethylated  compounds. 
Accordingly,  larger  amounts  of  acetic  acid  and  water  wei-e 
employed  with  a  greater  excess  of  iron,  and  the  heating  was  con- 
tinued for  a  longer  time,  usually  about  2  hours  ;  the  following  were 
found  to  be  convenient  proportions :  1  part  of  the  methylated  nitro- 
compound, 1  part  of  glacial  acetic  acid,  2  parts  of  iron  filings,  and 
30 — 40  parts  of  hot  water.  After  neutralising  with  sodium  hydrogen 
carbonate,  the  aqueous  solution  was  filtered  and  the  residue  extracted 
with  alcohol.  A  small  portion  of  the  base  separated  from  the  aqueous 
solutions,  but  the  larger  quantity  was  obtained  from  the  alcoholic 
extracts. 

As-Benzenesulphonj/lmetht/l-'p-pfient/lenediamine, 
CeH,-S02-N(CH3)-C,H,-KHj, 
crystallises   from    dilute  alcohol   in   colourless,   prismatic   needles   or 
elongated  plates  melting  at  119°. 

01490  gave  134  c.c.  nitrogen  at  19°  and  755  mm.     N=  10-29. 
CjjHj^OoNjS  requires  N=  1068  per  cent. 

ix&-Benzenesulp1ioni/linethyl-o-phenylenediavnne  crystallises  from  dilute 
alcohol  in  colourless  needles  melting  at  116°. 

0-2650  gave  24-4  c.c.  nitrogen  at  17°  and  771  mm.     N  =  1083. 
CjgHj^OjNgS  requires  N  =  1068  per  cent. 

&9-Benzenes%dphonylmethyl-m-phenylenediamine,    obtained     like     its 
isomerides,  crystallises  from  water  and  alcohol  in  lustrous,  colourless 
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needles,  or  from  a  mixture  of  benzene  and  light  petroleum  in  fern-like 
aggregates  of  prismatic  crystals  ;  it  melts  at  96°. 

0-1196  gave  10-9  c.c.  nitrogen  at  18°  and  766  mm.     N  =  1061. 
CjgHj^OgNgS  requii-es  N  =  10-68  per  cent. 

Diazotisation  of  the  as-Benzenesulphonylmethylphenylenediamines. 

The  foregoing  diamines  readily  dissolve  in  hydrochloric  acid,  and 
their  solutions,  when  treated  with  sodium  nitrite,  furnish  soluble 
diazonium  chlorides  which  do  not  undergo  condensation  on  treatment 
with  sodium  acetate;  the  solutions  remain  quite  clear,  and  when  they 
are  added  to  a  solution  of  y3-naphthol  in  aqueous  alkali,  insoluble  azo- 
compounds  are  produced  in  every  case. 

A  similar  result  is  obtained  when  the  nitrite  is  added  to  solutions  of 
the  bases  in  glacial  acetic  acid,  and  there  is  no  tendency  on  the  part 
of  rts-benzenesulphonylmethyl-?n-phenylenediamine  to  form  a  complex 
azo-compound  such  as  is  produced  when  the  unmethylated  base  is 
diazotised  in  this  manner  (compare  p.  84). 

The  diazonium  chlorides  of  the  as-benzenesulphonylmethylphenylene- 
diamines  yield  sparingly  soluble  crystalline  platinichlorides. 

Benzenesvlphonylmethyl-'^-aminohenzeneazo-^-najyhthol, 
CeH,-S02-K(CH3)-CcH4-N:N-CioH6-OH, 
separates  as  a  brick-red   precipitate  and  crystallises  from  alcohol  in 
lustrous,  cardinal  red  plates  and  flattened  needles;  it  melts  at  162-5° 
and  develops  a  crimson  coloration  with  concenti'ated  sulphuric  acid. 

0-1736  gave  15-6  c.c.  nitrogen  at  18°  and  775  mm.     N=  10-59. 
CjjHjgOgNjS  requires  N  =  10-31  per  cent. 

This  azo-compound  is  insoluble  in  aqueous  alkalis  or  benzene, 
moderately  soluble  in  alcohol,  and  dissolves  very  freely  in  glacial 
acetic  acid. 

lienzenesulphonylmethyl-Q-aminohenzeneazo-^-naphthol.  —  When  the 
aqueous  solution  of  benzenesulphonylmethyl-o-aminobenzenediazonium 
chloride  is  rendered  ammoniacal,  a  pale  yellow,  amorphous  precipitate 
is  obtained  which  probably  consists  of  a  diazo-hydroxide.  This  mix- 
ture, when  added  without  filtration  to  the  alkaline  /?-naphthol  solution, 
at  once  gives  an  orange-coloured  azo-derivative  which  readily  crystal- 
Hhos  from  alcohol  or  ethyl  acetate  iu  bright  red  leaflets  melting  at 
191°. 

0-1836  gave  166  c.c.  nitrogen  at  18-5°  and  770  mm.     N  =  10-61. 
OjjlfjyOjNgS  requires  N™  1031  per  cent. 

With  concentrated  sulphuric  a(!id,  this  azo-componud  develops  a 
cherry-red  coloration. 
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Benzene8iUphonyhnelhyl-vci-amxnohenz9neaxo-P-naphthol.  —  When  a«« 
benzenesulphonylmethyl-zn-phenylenediamine  is  diazotiiied  in  hydro- 
chloric or  acetic  acid  and  the  diluted  Bqlution  added  to  an  alkaline 
)3-DaphthoI  solution,  a  brownii»h-orange  azo-oomjtound  lepanttee.  This 
substance  crystallises  from  alcohol  in  i*ed  pritiuis  melting  at  129 —  ISl'^. 

01848  gave  166  c.c.  nitrogen  at  17°  and  771  mm.    N-10'59. 
CjjHjjOjjNjS  requires  N»  1031  per  cent. 

This  azo  derivative  develops  a  reddbh-violet  coloration  with  ooi^> 

centrated  sulphuric  acid. 

J{OYAL   CuLlEGK   OF   SclENCK,    L<'N|...v 

SouTU  Kensikqton,  8.\V 


Xir.  — 77^''  Reduction  Products  of  A-' '"  A^'^ 

By  John  Scott  Lumsdbv. 

When  anisic  acid,  dissolved  in  amyl  alcohol,  is  treated  with  sodium,  the 
products  of  reduction  are  hexahydwbenaoic  acid  and  5-ketohexahydro- 
benzoic  acid. 

This  reduction  was  tirbt  carried  out  by  me  in  Baeyer's  laboratory  in 
1895  (Iiuiug.  Diss.  Mutic/ten),  but  I  was  unable  to  identify  the  crystal- 
line acid,  easily  soluble  in  water,  which  was  produced  along  with  the 
hexahydi'obenzoic  acid.  It  was  expected  to  be  S-hydroxyhexahydro- 
benzoic  acid,  but  analysis  did  not  confirm  thi?,  and  the  usual  tests 
failed  to  show  the  presence  of  a  hydi-oxyl  group. 

Recently  (Trans.,  1904,  85,  416),  Perkin  has  prepared  synthetically 
8-ketohexahydrobenzoic  and  S-hydroxyhexahydrobenzoic  acids,  and  I 
find  that  the  product  of  i-eduction  of  anisic  acid  agrees  in  every  pro- 
perty with  the  S-keto-acid. 

The  formation  of  hexahydrobenzoic  acid  from  anisic  acid  may  Le 
represented  thus : 

/\  <^ 

I        I      +   811      =     V^2  V^^    ,    ( .u  -OH  • 

CO.H  \X 


COjH 


the  methoxy-jiiuup  i>  split  off  and  the  ring  completely  hydrogenated. 
This  I'emoval  of  the  alkoxy-group  seems  to  be  a  general  action,  as  it 

H  2 
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has  been  found  to  take  place  when  o-ethoxybenzoic  and  2-hydroxy-3- 
methoxybenzoic  acids  are  reduced  (Einhorn  and  Lumsden,  Annalen, 
1895,  286,  257). 

It  is  more  difficult  to  understand  the  formation  of  8-ketohexahydro- 
benzoic  acid  from  anisic  acid.  This  may  take  place  by  the  addition  of 
four  hydrogen  atoms,  then  the  methyl  group  in  presence  of  strong 
alkali  would  be  replaced  by  hydrogen,  and  this  hydrogen,  as  usually 
happens  in  the  case  of  the  hydrogen  of  a  hydroxyl  group  adjacent  to  a 
double  bond,  would  be  transferred  to  the  next  carbon  atom,  thus  : 


O-CHg 


0-CHo  0-H  O 

I         3  ,  ,1 

c  c  c 

/\  /%  /\ 

_v      CHo  CH         ^     CHn  CH         ^     CHo  CHo 

^      I     ^  I  — >■     I     ^  I  — >-     I     ^1     ^. 

CH2  CH2  CHg  CH2  CHo  CHo 

CO2H  \/  \/  \/ 

CH  CH  CH 

CO2H  CO2H  CO,,H 

To  confirm  this  view  of  the  action,  several  attempts  were  made  to 
obtain  the  keto-acid  from  jo-hydroxybenzoic  acid  by  means  of  sodium 
and  amyl  alcohol,  but  without  success;  the  acid  remained  unaltered. 
It  is,  however,  possible  that  the  change  takes  place  by  the  addition  of 
four  hydi'ogen  atoms,  then  by  the  agency  of  one  molecule  of  water  the 
methyl  is  removed  as  methyl  alcohol,  and  hydrogen  is  added  to  the 
y-carbon  atom,  thus  : 


9-CH3   OH  f) 


C 


+   CHg-OH 


C 

/% 
(fH2  ^H   H         ^         CH2  CH2 

CH-  CHo  CH2  CH2 

\/  \^ 

(^H  (pH 

CO2H  CO2H 

This  interpretation  is  not  improbable  when  it  is  remembered  how  fre- 
(juontly  changes  taking  place  in  concentrated  alkaline  solutions  may 
be  represented  by  the  interaction  of  the  elements  of  water. 

2'/ie  Jieductlou  of  Anisic  Acid. 

Ten  gramH  of  acid  and  150  c.c,  of  amyl  alcohol  were  placed  in  a 
round -bottomed  litre  flask  which  was  connected  to  a  condenser  by  a 
branched  tube,  the  upriglit  limb  of  which  held  a  dropping  funnel.  The 
llriHk  was  supported  on  an  asbestos  baskotand  heat  applied  until  all  the 
ncid  was  dissolved  nnd  the  alcohol  boiled  j  the  funnel  was  then  removed 
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and  5  grams  of  sodium  were  dropped  in.  There  was  an  immediate 
separation  of  the  sodium  salt  of  the  acid,  and  soon  sodium  amyloxide 
appeared  as  a  gelatinous  mass  and  the  contents  of  the  llask  became  a 
pasty  solid.  Ten  grams  of  sodium  were  then  added,  and  while  the 
heating  was  continued  the  flask  waa  shaken  to  iwevent  the  solid 
adhering  to  the  glass.  Gradually  the  contents  of  the  flask  liquefied, 
and  in  about  30  minules  u  clear  fluid  was  obtained.  More  sodium  and 
alcohol  were  added  from  time  to  time,  until  in  all  30  grama  of  sodium 
had  been  used  together  with  3oO  c.c.  of  alcohol.  TBe  contents  of  the 
flask  were  now  allowed  to  cool  to  about  100'',  then  an  equal  volume  of 
water  was  added ;  this  decomposed  the  sodium  amyloxide  and  the 
alcoliul  formed  a  layer  on  the  surface.  When  the  liquid  was  quit«) 
cold,  the  alcohol  was  separated,  washed  twice  with  water,  and  the 
washings  added  to  the  alkaline  fluid.  This  fluid  was  boiled  for  some 
time  to  drive  off  dissolved  alcohol,  cooled,  and  aciditied.  It  was  then 
extracted  three  times  with  ether,  and  the  residue,  after  distilling  off  the 
solvent,  was  a  mixture  of  unaltei-ed  anisic  acid,  hexahydrobenzoic  acid, 
and  S-ketohexahydrobenzoic  acid. 

The  keto-acid  is  very  isoluble  in  water,  whilst  the  other  two  acids 
are  very  s|Mringly  soluble.  The  residue  was  therefore  <>h*k»n  with 
several  small  quantities  of  water,  and  when  these  were  evapwrated  to 
a  small  volume,  crystals  of  the  keto-acid  separated  out,  and,  after  drying 
on  a  porous  tile,  were  i*ecrystalli8ed. 

The  hexuhydrobenzoic  acid  was  obtained  free  from  anisic  acid  by 
steam  distillation.  The  voluminous  distillate  was  neutralised  with 
sodium  carbonate,  evaporated  to  a  small  volume,  acidified,  and  extracted 
with  ether.  From  the  ether,  the  hexahydrobenzoic  acid  was  obtained 
as  a  pale  yellow  oil.  The  yield  varies,  but  from  10  grams  of  anisic 
acid  7  grams  of  hexahydrobenzoic  acid  and  1  gram  of  the  S-keto-acid 
have  been  obtained.  When  greater  quantities  of  anisic  acid  are  used 
at  one  operation,  there  is  a  smaller  pei-centage  of  reduced  products. 

^-Ketohe-mhydrohenzoic  Acid,  CO(CHj-CH,,),:CH-CO,H.— This  sub- 
stance is  very  soluble  in  water,  and  separates  from  solution  in  crystals 
containing  1  mol.  of  water  of  crystallisation.  Good  crystals  are 
obtained  from  a  mixture  of  ligroin  and  ether  (m.  p.  67^). 

0-3330  acid  heated  for  two  hours  at  110°  lost  00356  H^O  or 
11*56  per  cent.,  the  calculated  loss  for  1  mol.  water  being  11*26  per 
cent. 

0*1875  of  the  dried  acid  gave  0*4068  COj  and  0*1213  H.p. 
C  =  59*17;  H  =  718. 

CyHioOj  requii-es  C  =  59*16  ;  H  =  7-04  per  cent. 

Calcium  Salt,  [CO{0li.,'GK^).;.Gll-CO.^\CaL,B..f>.—This  was  pre- 
pared  by  warming  a  solution  of   the  acid   with  calcium   carbonate, 
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filtering,  and  evaporating  ;  it  forms  long,  silky  needles  with  1  rnol.  of 
water. 

0-2154  heated  at  110°  lost  0-0126  water  or  5-84,  the  calculated  loss 
W  1  mol.  water  being  5*29  per  cent. 

0-2027  dried  salt  gave  0-0849  CaSO^  or  12-32,  the  calculated 
amount  being  12-43  per  cent. 

The  barium  salt  was  prepared  like  the  calcium  salt,  but  using  barium 
carbonate ;  it  is  very  soluble  in  water,  and  definite  crystals  could  not 
be  obtained  as  there  is  decomposition  during  evaporation; 

0-2330  gave  0-1321  BaSO^  or  Ba  =  33-30;  the  calculated  value  being 
Ba  =  32-70  per  cent. 

The  Semicarhazone. — This  compound  separates  at  once  when  semi- 
carbazide  hydrochloride  is  added  to  a  solution  of  the  acid  mixed  with 
sodium  acetate.  It  is  a  fine,  white  powder,  sparingly  soluble  in  water 
and  insoluble  in  ether  or  benzene;  it  softens  at  198°,  and  at  199° 
melts  and  decomposes. 

The  propei^ties  of  the  keto-acid  and  the  semicarhazone  correspond 
exactly  with  those  observed   by  Perkin. 

To  obtain  pure  hexahydrobenzoic  acid  from  the  product  of  reduc- 
tion, the  acid  obtained  from  several  operations  was  dried  in  ether 
and  distilled  under  reduced  pressure.  After  the  first  few  drops  had 
passed,  a  perfectly  colourless  distillate  was  obtained,  boiling  at 
115 — 117°  under  13  mm.  pressure.  The  acid  distilled  under  the 
ordinary  pressure  without  ajiparent  decomposition,  the  boiling  point 
being  232 — 233°.  On  standing,  or  at  once  on  cooling  in  ice,  crystals  of 
the  acid  separate,  but  the  whole  liquid  does  not  solidify.  The  crystals 
are  large  and  well  formed,  and  when  freed  from  adhering  liquid  acid 
by  drying  on  a  porous  plate  they  melt  at  29°.  The  properties  of 
this  acid  and  its  derivatives  are  detailed  in  the  succeeding  paper. 


XUl. — The  Physical  Properties  of  Ileptoic,  Hexahydro- 
benzoic, and  Benzoic  Acids  and  their  Derivatives. 

IJy  John  Scott  Lumsden. 

By  the  reduction  of  anisic  acid,  as  described  in  the  preceding  paper,  a 
quantity  of  lioxiihydrobcnzoic  acid  was  obtained  in  a  very  pure  state. 
This  i«  the  simplest  acid  with  a  hoxamethylone  ring,  and  for  the 
inir|)OHo  of  gaining  information  regarding  the  physical  properties  of 
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this  ling  formation  the  derivativcB  of  hexahydrobcnzoic  acid  have 
been  prepared  and  compared  with  the  corresponding  derivatives  of 
heptoic  acid,  in  which  the  six  carbon  atoms  form  a  chain,  and  with 
benzoic  acid,  in  whicli  the  eix  carbon  atoms  form  a  benzene  nucleus. 
It  was  particularly  desirable  to  obtain  a  knowledge  of  the  influence  of 
the  presence  of  a  hexamethylene  ring  on  the  boiling  point,  the  mole- 
cular volume,  and  the  molecular  refraction  of  a  compound,  and  these 
constants  have  been  carefully  determined.  The  acids  and  their 
derivatives  will  be  Arst  described,  and  then  by  arrangement  in  tabular 
form  their  relationships  will  be  made  evident. 

Ilexahydrohemoic  Acid,  CHj(OH/CH,),:CH'CO^H.— This  substance 
as  prepared  from  anisic  acid  is  a  colourless  liquid,  which  boils  at  232'5'^ 
under  the  ordinary  pressure.  It  crystallises,  on  cooling,  in  well-formed, 
mouoclinic  prisms,  which  melt  at  29°  and,  on  exposure  to  the  air, 
become  wet  and  lose  their  glassy  appearance.  Although  the  acid  is 
soluble  in  most  organic  solvents,  it  separates  from  these  always  as  a 
liquid,  and  crystals  could  only  be  obtained  by  cooling  the  distilled 
acid.  The  presence  of  traces  of  water  or  other  impurity  prevents  the 
acid  crystallising.  In  the  solid  state,  hexahydrobenzoic  acid  is  almost 
odourless,  but  when  liquid  or  in  solution  in  a  olatile  solvents  it  has 
a  most  disiigreeable  rancid  odour,  not  unlike  valeric  acid.  The  solu- 
bility of  the  acid  in  water  is  very  small,  as  100  grams  of  water  at  15° 
only  dissolve  0  201  gram,  or  the  solubility  is  0-201  100/15°.  The 
sp.  gr.  of  the  liquid  acid  at  15°  was  obtained  by  using  an  apparatus 
with  capillary  ends,  which  allowed  of  the  determination  being  made 
before  crystallisation  took  place.  The  value  found  was  TOISO  15°/ 4°, 
and  the  molecular  volume  was  therefore  128/(/-il22  4  c.c.  The 
refractive  index  for  sodium  light,  using  a  Pulfrich's  refractometer,  was 
A'Na/15^  1-46952. 

The  electrical  conductivity  at  25°  was  as  follows  : 


/*ac    -J 

74-0 

M.W.  in  litres. 

/«• 

100  »/i. 

K^\(^k. 

64 

10-40 

2-777 

0  001-23 

1-28 

1472 

3-941 

0-001-25 

•25(5 

20-97 

5  601 

0-00128 

51-2 

29  19 

6  •0-21 

0-00128 

10-24 

40-t)3 

10  800 

0-001-28 

Affinity  constant  K  =  0  00126 

A  quantity  of  liquid  hexahydrobenzoic  acid  was  obtained  from 
Kahlbaum,  which,  on  cooling  and  adding  a  crystal  of  the  pure  acid, 
partially  soliditied.  This  acid  was  of  good  quality,  and  was  used  to 
prepare  a  few  of  the  following  derivatives. 

Esters  of  Hexahydrobenzoic  Acid. — These  esters,  which  were  pre- 
pared by  the  action  of  hydrogen  chloride  on  a  solution  of  the  acid  in 
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excess  of  the  alcohol,  are  fragrant  liquids  ;  their  physical  constants 
are  as  follows : 

B.  p.  Sp,  gr.  1574°.  Mol.  wt/d.  11  Na/15°. 

Methyl  ester    183-0'  0-9954  143-1  1-45372 

Ethyl      „        196-5  0-967-2  161-3  1-45012 

Propyl    ,,       215-5  0-9530  178-3  1-44862 

Eexahydrohenzoyl  Chloride,  CH2(CH2-CH2)2:CH-C0C1.— This  was 
obtained  by  treating  the  acid  with  rather  more  than  the  calculated 
quantity  of  phosphorus  pentachloride  in  a  distilling  flask.  After  the 
action  was  completed,  the  phosphorus  oxy chloride  was  distilled  off  at 
107°,  and  the  new  product  was  obtained  between  180°  and  190°.  After 
fractionation,  the  acid  chloride  was  obtained  pure  as  a  colourless 
liquid  boiling  at  184°  and  with  a  pungent  odour  resembling  benzoyl 
chloride. 

Sp.  gr.  1-0962  15°/4°,  mol.  wt./c^=  133-6,  R  Na/15°  =  1-47662. 

Hexahydrohenzoic   Anhydride,  pxT'/pTT^.prr^x'^'pTT.ppj^O. 

To  obtain  this  substance,  the  sodium  salt  of  hexahydrohenzoic  acid 
was  prepared  and  carefully  dried  at  140°;  it  was  then  powdered  and 
added  in  slight  excess  to  freshly  distilled  hexah}  drobenzoyl  chloride. 
Warming  took  place,  the  odour  of  the  chloride  disappeared,  and  the 
new  odour  of  the  anhydride  became  apparent.  After  heating  at  100° 
to  complete  the  action  and  then  cooling,  the  anhydride  was  extracted 
by  dry  Ijenzene  from  the  sodium  chloride  and  unaltered  sodium  salt  of 
the  acid.  When  the  benzene  was  distilled  off,  the  anhydride  was 
fractionated  and  obtained  as  a  colourless  liquid  with  a  faint  character- 
istic odour.  On  cooling  in  ice,  a  mass  of  soft  crystals  was  obtained, 
and,  after  being  dried  on  a  porous  tile,  the  crystals  melted  at  25°.  The 
constants  for  the  liquid  anhydride  are:  b.  p.  280 — 283°,  sp.  gr. 
1-0585  15°/4°,  mol.  wt./d=  224-85,  R  Na/15°=  1-48189. 

Ilexahydrohenzamide,  CH2(CH.^'CH2)5,ICH*CO*NH2. — This  amide 
was  prepared  by  the  action  of  phosphorus  pentachloride  on  the  acid, 
the  product  being  poured  into  concentrated  ammonium  hydroxide 
saturated  with  ammonium  carbonate.  The  amide  separated  at  once, 
and,  after  crystallising  several  times  from  water  and  dilute  alcohol,  it 
was  obtained  in  fatty  flakes  molting  at  184°.  Markownikoff  prepared 
this  comiKjund  and  found  that  it  melted  at  185 — 186°. 

Ilexahyd/robenzaailide,  Cli2(CH2'(-'ll^)2:CII-CO-NH-(!„ll5.— To  ob- 
tain this  substance,  the  acid  was  heated  for  sovorjil  hours  with  a 
small  excess  of  aniline.  A  solid  mass  separated  on  cooling,  and  this, 
after  washing  with  dilute  hydrochloric  acid,  was  dried  and  oi-ystallised 
from  alcoh(W.     'J'hn  anilide  forms  flat,  silky  plates  melting  at  139°. 


BENZOIC,   AM)   BENZOIC   ACIDS  AND  THEIR   DERIVATIVES.      93 


Heptoic  Acid,  CH3(CH,)5*COjH,  and  iU  Derivative. 

The  following  compounds  have  been  prepared  from  heptoic  acid 
obtained  from  Kahibaum  by  the  same  methods  used  for  the  prepara- 
tion of  the  derivatives  of  hexahydrobenxoie  acid.  The  boiling  pointa 
given  are,  however,  those  very  carefully  determined  by  Perkin  (Trans., 
1884,  45,  484)  and  Gartenmeister  (AnnaUii,  1886,  233,  249). 

M.  p.  B.  p.  Sp.  gr.  15V4'.  MoL  wt/A      R  X«/15*. 

Heptoic  acid -10'         223-0'{P.)  0-M12  lll'l  1-42505 

Methyl  ester  1721   (G.)  OtSOd  1«3  5  1-41JM 

Ethyl       „  1871  (G.)  08714  1**!  3  1-4US6 

Propyl      „    20«-4  (G.)  O'SCSS  1-41885 

Heptoyl  chloride .  1750  (P.)  0-M«9  1-48447 

Heptoic  anhydriJi' .  1.        255—258  0-»217  ^'^^  o  1-48848 

Heptauiiile    9«              —                        —  —  — 

Heptaniliile  71              —                        —  —  — 

The  solubility  of  heptoic  acid  in  water  was  found  to  be  0-241  100/16°, 
and  the  attinity  constant,  calculated  from  the  conductivity  at  25°  by 
Franke  {Zeit.  physikiU.  Chem.,  1895,  16,  463),  is  iT-OOOlSl. 


Benzoic  Acid  and  its  Derivatives. 

These  compounds  were  either  obtained  from  Kahibaum  or  specially 
prepared.  The  values  given  for  the  boiling  pointa  are  those  found  by 
Perkin  (Traixs.,  1896,  60,  1025)  or  they  are  the  mean  values  of  the 
observations  of  other  worker-s. 

Benzoic  acid  melts  at  121 -5^  and  boils  at  2492°.  The  solubility  in 
water  was  found  to  be  0258  100  50°,  and  the  affinity  constant  at  25° 
calculated  by  Kohlniusch  from  the  determination  of  the  conductivity 
by  Ostwald  is  A'=  0  0060. 

The  sp.  gr.  of  the  solid  acid  was  obtained  by  melting  a  weighed 
quantity  in  a  sp.  gr.  bottle,  the  rest  of  tbe  bottle  being  filled  with 
aniline.  By  this  means,  air  bubbles  were  effectually  removed.  The 
value  found  was  12659  at  1574°.  As  the  sp.  gr.  of  heptoic  and  hexa- 
hydrobenzoic  acids  were  determined  in  the  liquid  state,  in  order  that 
benzoic  acid  might  be  compared  with  them,  it  was  necessary  to  find,  if 
possible,  what  the  sp.  gr.  of  benzoic  acid  would  be  if  it  were  liquid  at 
15°.  At  the  melting  point,  the  sp.  gr.  of  benzoic  acid  is  1-0800  (Schiff, 
Annalen,  1884,  223,  264),  and,  assuming  that  the  rate  of  expansion  is 
the  same  as  that  of  heptoic  acid  (Zander,  Annalen,  1884,  224,  92),  the  sp. 
gr.  would  be  1-1470  at  15'^/4^\  The  sp.  gr.  was  then  determined  in  benzene 
solution,  it  being  assumed  that  the  benzene  undergoes  no  change  in 
volume.  A  solution  containing  40076  grams  of  acid  and  959924 
grams  of  benzene  had  a  sp.  gr.  of  089071,  whilst  the  sp.  gr.  of  the 


94       LUMSDEN:   PHYSICAL   PROPERTIES   OF   HEPTOIC,   HEXAHYDRO- 


benzene  was  0-88249.  From  these  numbers,  the  sp.  gr,  of  the  dissolved 
acid  was  1-1463  at  15°/4°,  which  is  like  the  value  deduced  from  the  com- 
parison with  heptoic  acid.  The  sp.  gr.  in  benzene  solution  is  therefore 
taken  as  the  sp.  gr.  of  the  acid  if  it  were  liquid  at  the  same  tem- 
perature. The  molecular  volumes  are  :  122/c^  liquid  =  106-42  ;  solid  = 
96-37. 

The  index  of  refraction  was  determined  in  the  same  benzene  solution. 
KanonnikofE  [Ber.,  1883,  16,  3048)  has  shown  that  the  refraction  of  a 
solution  is  the  sum  of  the  refractions  of  the  dissolved  body  and  the 

iV"— 1         n-\  n' -\  , 

solvent,  therefore  P- —  p ■{■  p — ; — ,  where  P,  ^),  and  p  are 

D  d  d 

the  weights  of  solution,  solid,  and  solvent  respectively,  these  values 

being  multiplied   by  the   corresponding  specific  refractions.     If  the 

weight  r  is  made  100,  and  p  and  p    are  given  in  percentages,  the 

equation  arranged  for  finding  the  specific  refraction  of  the  dissolved 

body  is  — ~~-  =  100  -  ~  -  -  (100  -p)^~    p-    4-0076  grams  of  benzoic 
d  D  d   I 

acid  in  95-9924  grams  of  benzene  had  a  refractive  index  of  1-50531, 
that  of  the  benzene  being  1*50420,  therefore  ^~  ^  =0-47084.     If  the 

sp.    gr.  is   1-1463,    the   refractive   index   is   (0  47084  x  M463)-|- 1  = 
1-53974  Na/15°. 
The  properties  of  the  derivatives  of  benzoic  acid  are  as  follows  : 


M.  p. 

B.  p.            Sp. 

gr.  1574°. 

Mol.  wt./rf. 

R  Na/15' 

Methyl  ester 

— 

198-6'' (P.) 

1-0937 

1-24-4 

1  -52049 

Ethyl        „    



211-8    (P.) 
2:J0  7    (P.) 
199  0 

1  -0509 

1428 

1  -50790 

Pronvl      

1  -0274 

159-6 

1  50139 

Heiizoyl  cliloiide  ... 

— 

1-2188 

115-3 

1  -55799 

Benzoic  anhydride . 

42° 

360-0 

1-1989 

188-5 

1  -57665 

Benziiniidu     

130 







— 

Beuzanilide   

160 

— 

— 

— 

— 

In  the  following  table,  the  constants  of  the  three  acids  and  their 
derivatives  are  arranged  for  the  purpose  of  comparison  : 


AcidH : 


Alfthyl  i"t)iir» 


Heptoic, 

Mi'lting  points -  10° 

Boiling  points  223° 

Sj).  gr.'  I.'i74''    ,.  0-9212 

Moi<!(Mihir  volume  15°...  141-1 

Il.'fnictivo  index  Na/15°  1-42505 

Solul)ility  15"   0-241 

Alllnily  constant  K 000131 

Boiling  pointn  1721' 

S|).  gr 0-8806 

Alolecular  volunio    163-5 

Kef mctivo  index   1-41366 


1  rcxaliydrobonzoic.  Benzoic , 


29° 

121-5° 

232-5° 

249-2° 

10480 

1-1463 

1224 

106-42 

1-46952 

1  -53974 

0201 

0-258 

000126 

0  0060 

183° 

198-6° 

0-9954 

1  -0987 

1431 

124-4 

1-45372 

1  -62049 
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Heptuic.  Hexahydrobeiizoic.  B«nzoii-. 

Ethyl  esters:  Boiling  jwinU  187  1*  196  5"  2118' 

Sn.gr 0-87U  0-9672  10509 

Molecular  volunif    181-3  161-3  1428 

Refractive  iudrx   1-4H36  145012  150790 

Propyl  esters :         Boiling  points  206-4'  ai6-5*  230  7* 

Sp.  gr 0-8682  0-2630  lt)274 

Molecular  volume     1981  178-8  152-6 

Refractive  indev   14 1835  1-44862  1-50139 

Ae id  chlorides :       Boiling  |>oiiii>  184  !;«•,> 

8it.gr ■     .  ..t  1  Oy()2  12188 

Molecular  volumt  i;53°()  115-3 

Refractive  index  ...  i   ij117  r47t>6-2  1-55799 

Ac'i<l  aiiliv.lii.lf.s:  Melting  poiut<i  17  25*                     42° 

Boiling  jwiuti  256  J82*  360" 

Si.,  gr 0  9217  1-0585              1-1989 

Molecular  volume    ...  ■J(32-5  224  86  188-5 

Refractive  index                     1-43346  1-48189            1-57665 

Acid  amides :  Melting  iwin;  i-  184'  180' 

Acid  anilides :         Melting  point-  71*  189*  160' 

It  is  seen  that  the  values  of  the  properties  of  hexahyJrobenzoic  acid 
and  its  compounds  are  iuterniediate  between  those  of  heptoic  and 
benzoic  acids.  The  melting  points,  boiling  points,  specific  gravities, 
and  refractive  indices  are  higher  than  those  of  heptoic,  and  lower  than 
those  of  benzoic  acid,  with  the  exception  of  the  melting  point  of  the 
amide,  which  is  higher  than  that  of  either  of  the  two  corresponding  com- 
pounds. The  solubility  of  the  acids  is  in  each  case  very  small,  and  that  of 
hexahydrobenzoic  acid  is  slightly  lower  than  the  othei-s.  The  affinity 
constant  of  the  hexahydro-acid  is  considerably  lower  than  that  of 
benzoic  acid,  and  is  very  similar  to  that  of  an  acid  of  the  fatty  series. 
The  relationship  of  the  boiling  points  is  worthy  of  further  considera- 
tion. As  the  corresponding  derivatives  of  the  acids  differ  by  the  same 
number  of  hydrogen  atoms  and  the  same  changes  in  constitution,  it 
was  to  be  expected  that  thei-e  would  be  a  considerable  regxilarity  in  the 
differences  of  the  boiling  points.  That  this  is  the  ease  is  seen  from  the 
following  table  : 

Builhig  Points. 


Heptoio  

Acid. 
22-3  0 

4S-0 

Acid 

chloride 

175 

1-5 

Methyl 
ester. 
173-5 

13-6 

Ethyl 
ester. 
187-1 

19-3 

Propy 
ester. 
206-4 

9-:. 

9 

9-5 

9-4 

9-1 

Hexahydrobenzoic. . 

232-5 

4S-:' 

184 

1-0 

183-0 

13-5 

196-5 

190 

215-5 

16-7 

15 

15-6 

15-3 

15-2 

Benzoic    

-249-2 

50  2 

199 

0-4 

198-6 

13-2 

211-8 

18-9 

230-7 
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There  is  an  increase  of  about  9°  from  the  heptoic  to  the  hexahydro- 
benzoic  series,  and  of  about  15°  from  that  to  the  benzoic  series.  The 
boiling  point  of  benzoic  acid  itself,  given  by  Kopp  {Jahresher.,  1855,  8, 
35),  seems  to  be  about  2°  too  high.  The  difference  between  the  boiling 
point  of  the  acid  and  any  particular  derivative  is  seen  to  be  the  same 
in  each  series,  bringing  out  the  interesting  fact  that  if  two  acids  have 
about  the  same  molecular  weight,  whether  they  belong  to  the  fatty, 
the  hexamethylene,  or  benzoic  series,  the  substitution  of  the  hydroxyl 
of  the  acids  by  an  element  or  group  will  produce  the  same  change  of 
boiliug  point  in  each  case.  The  difference  for  CHg  is,  as  usual,  smaller 
between  the  methyl  and  ethyl  esters  than  between  the  ethyl  and 
propyl  esters  due  to  the  association  of  the  methyl  compounds,  and  the 
table  shows  a  further  example  of  the  fact,  first  pointed  out  by  Schroder 
{Ber.,  1883,  16,  1312),  that  the  boiling  points  of  the  acid  chloride  and 
methyl  ester  of  the  same  acid  lie  very  close  together. 

The  Molecular  Contraction  due  to  the  Presence  of  a  Hexamethylene  Ring. 

From  the  observations  of  Traube,  the  volume  of  the  molecular 
weight  in  grams  of  a  substance  in  the  liquid  state  can  be  calculated  by 
adding  to  the  sum  of  the  atomic  volumes  the  co-volume  of  25*9  c.c. 
This  rule  holds  strictly  for  organic  compounds  in  which  the  carbon 
atoms  form  a  chain,  but  when  a  benzene  ring  is  present  in  the  molecule 
a  contraction  of  13  2  c.c,  due  to  the  shrinking  in  volume  in  the 
formation  of  the  ring,  must  be  allowed  for.  The  following  table 
shows  that  there  is  exactly  the  same  diminution  in  volume  due  to  the 
presence  of  a  hexamethylene  ring : 

Molecular  Volumes  16°. 

Acid           Mothyl        Ethyl         Propyl  An- 

Acid.         cliloriile.          ester.           ester.           ester.  hyihide. 

f  Found  141-1  12-4    1535    10*0  163-5  17-8  181-3  16-8  198-1  262-5 

Heptoic-^         D      3-2               0-7                2-2              0-5           -0-2  -0-9 

(Calc...  144-4    9-8    154-2    11-5  1657  16-1181-8  16-1197-9  261-6 

d     18-7  19-9  20-1  -200  l()-8  (19-4)    37-7 

Hcxu-    r  Found   122-4  11-2    133-6      9-5  143-118-2  161-3  17-0  178-3  224-8 

hydro-  •{         D      27  12  3  2  1-1  02  -2  0 

iMiiizoic.  [Calc...  1261    9-7    134-8    11-5  1463  16-1  162-4  16-1  178-5  222-8 

d    16-0  18-3  18-7  18-6  18-7(18-6)    36-1^ 

(Found  106-4    89    116-3      9-1  124-4  18-4  142-8  108  1696  1885 

D      0-1  0-P  3-3  10  0-3  -2-9 

Calc...  106-6    9-7    116-2    11-5  1277  161  1438  161  159  9  186-6 

The  values  found  represent  the  volumes  in  c.c.  of  the  molecular 
weight  in  grams  at  16°.     The  values  calculated  are  the  sum  of  the- 
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atomic  volumes  as  given  by  Tiaube,  namely,  carbon  99,  hydrogen  3*1, 
carbonyl,  ester,  and  anhydride  oxygen  5'5,  hydroxy]  oxygen  04, 
CO- volume  25*9,  with  a  deduction  for  each  benzene  and  hexamethylene 
ring  of  13-2  c.c.  The  differences  between  the  actual  and  the  calculated 
volumes  are  given  in  the  lines  Z),  and  in  lines  d  are  set  down  the 
differences  between  the  actual  volumes  in  the  adjacent  seriee,  the 
calculated  values  being  noted  at  the  ends  of  the  lines.  The  member* 
in  each  series  are  seen  to  vary  in  a  similar  manner ;  the  acids  and 
methyl  esters  are  lower  by  2—3  c.c.  than  the  calculated  values,  owing 
to  association,  except  in  the  case  of  benzoic  acid,  the  volume  of  which 
was  determined  in  benzene  solution,  where  association  was  obviated,  but 
the  other  numbers  are  as  close  as  the  error<  <^f  MYi.*-!iin«nt  would  lead 
one  to  expect. 

The  point  of  importance  is,  that  when  13  J  c.c.  are  deU  icted  from 
the  sum  of  the  atomic  volumes  the  values  are  as  close  to  the  actual 
volumes  in  the  case  of  the  hexahydrobenzoic  as  in  that  of  the  benioic 
compounds,  showing  that  the  volumes  of  a  hexamethylene  and  a  benzene 
ring  are  identical. 

It  is  usually  assumed,  by  consideration  of  the  tension  theory  of 
Baeyer  as  to  the  constitution  of  the  benzene  nucleus,  that  an  expansion 
of  the  ring  occurs  when  it  liecomes  hydrogenated,  but,  whatever  the 
structural  change  may  be  when  that  takes  place,  it  is  here  proved  that 
it  must  be  of  such  a  nature  that  it  is  accompanied  by  no  alteration  in 
volume  of  the  nucleus. 

A  liexaimthi/leue  ring  hiis  no  influence  on  the  refraction  of  a  com- 
pound :  In  the  table  on  p.  98,  the  refi-action  constants  for  the  three 
acids  and  their  derivatives  are  given.  The  first  column  contains  the 
refractive  index,  the  second  the  specitic  refraction,  the  third  the 
molecular  refraction,  the  fourth  the  molecular  refraction  calculated  fi-om 
the  sum  of  the  atomic  refractions,  the  values  used  being  those  deduced 
for  sodium  light  by  Zecchini  (Abstr.,  1893,  ii,  253),  namely, 
carbon  4'71,  hydrogen  147,  hydroxyl  oxygen  2  Sb,  carbonyl  oxygen 
333,  chlorine  1005  ;  the  last  column  contains  the  differences  between 
the  actual  and  the  calculated  values. 

The  sum  of  the  atomic  refnvctions  is  seen  to  agree  closely  with  the 
real  molecular  refractions  in  both  the  heptoic  and  hexahydrobenzoic 
series,  therefore  the  hexamethylene  structure  exerts  no  influence  on 
the  refraction  of  light.  In  the  benzoic  series,  the  sum  of  the  atomic 
refractions  is  much  less  than  the  molecular  refractions,  and  about  nine 
units  must  be  added  to  represent  the  additional  refraction  due  to  the 
benzene  nucleus.  It  will  be  noticed  that  the  molecular  refractions 
of  the  corresponding  benzoic  and  hexahydrobenzoic  compounds  are 
almost  identical,  although  the  latter  contain  six  hydrogen  atoms  more, 
showing  that  the  benzene  nucleus  causes  a  retardation  of  light  as 
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^Na/15°  =  ?(.         —3— 


Hoptoic  acid 

Hexahydrobenzoic  acid 
Benzoic  acid  


Methyl  heptoate    

, ,       liexahydrobenzoate 
, ,       beuzoate    

Ethyl  heptoate 

,,      hexahydvobenzoate  , 
,,     benzoate 


Propyl  heptoate    

,,      hexahydrobenzoate. 
,,      benzoate     

Heptoyl  chloride  

Hexahydrobenzoyl  chloride 
Benzoyl  chloride   


Heptoic 


Hexahy  d  robenzoic 
Benzoic  anhydride 


anhydride 


42505 
46952 
53974 

41366 
45372 
52049 

41436 
45012 
50790 

41835 
44862 
50139 

43447 
47662 
•55799 


1-43346 
1-48189 
1-57663 


n-1 
d 

0-5526 
0-4478 
0-4708 

0-4697 
0-4558 
0-4759 

0-4756 
0-4654 
0-4833 

0-4818 
0-4708 
0-4880 

0-4493 
0-4348 
0-4578 

0-4702 
0-4553 
0-4810 


59-98 
57-34 
57-44 

67-64 
64-91 
64-72 

75-]5 
72-59 
72-50 

82-87 
80-02 
80-03 

66-74 
63-70 
64-32 

113-79 
108-36 
108-70 


Sum 
atomic 
refractions. 

59-53 

56-59 

47-77 
(56-59) 

67-18 

64-24 

55-42 
(64-24) 

74-83 

71-89 

63-07 
(71-89) 

82-48 

79-54 

70-72 
(79-54) 

65-46 

62-52 

53-70 
(62-52J 
113-47 
107-59 

89-95 
(107-59) 


Diff. 
0-45 
0-75 
9-67 
0-85 
0-46 
0-67 
9-30 
0-48 
0-32 
0-70 
9-43 
0-61 
0-39 
0-48 
931 
0  49 
1-28 
1-18 

10-62 
1-80 
0-32 
0-77 

18-75 
1-11 


great  as  that  due  to  s'x  hydrogen  atoms.  When  this  value,  namely, 
6  -A  1'47  =  8'82,  is  added  to  the  sum  of  the  atomic  refractions  of  the 
benzoic  compound'^,  the  numbers  given  in  brackets  are  obtained  and 
the  differences  between  these  and  the  real  values  are  seen  to  be 
similar  in  the  other  series,  therefore  8*82  represents  the  refraction  of 
the  benzene  ring. 

The  results  of  the  foregoing  investigation  may  be  summarised  as 
follows:  the  properties  of  hexahydrobenzoic  acid  and  its  derivatives 
are  intermediate  between  those  of  heptoic  and  benzoic  acids.  In 
the  case  of  the  boiling  points,  the  hexahydro-derivatives  boil  9° 
higher  than  those  of  heptoic  and  \b°  lower  than  those  of  benzoic  acid. 
The  volume  of  a  hexamethyleno  ring  is  identical  with  that  of  a  benzene 
nucleu.s,  but  whilst  a  hexamethylene  ring  exerts  no  influence  on  the 
refraction  of  light,  the  retardation  by  a  benzene  nucleus  is  equal  to 
that  duo  to  six  hydrogen  atoms,  so  that  corresponding  derivatives  of 
benzoic  and  hexahydrobenssoic  acids  have  the  same  molecular 
refraction. 


I  bog  to  acknowledge  my  indobtednesH  to  the  (Jhomical  Society  for  a 
gnmt  from  the  Research  Fund  to  provide  the  materials  ro(iuirod  in  this 
invoHtigation. 
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XIV. — Transfoi'maticms  of  Deinvatives  of  s-TribromO' 

diazohenzene. 

By  Kennedy  Josepu  Pbevit*  Oeton. 

In  Htudying  the  reactions  of  the  «-trihalogendiazobenzenes,  the  author 
observed  {Proc.  Roy.  Soc,  1902,  71,  153  ;  Trans.,  1903,  83,  796)  that 
under  certain  well-defined  conditions  a  halogen  atom  occupying  the 
ortho- position  was  displaced  by  a  hydrox)  1  group,  a  quinonediazide 
(diazophenol)  being  produced,  thus  : 


N  N 

\^  \^ 

Br  Br 


HBr. 


According  to  the  author's  observations,  the  conditions  favouring 
this  interchange  were  the  simultaneous  presence  in  solution  of  the 
hydroxyl  ion,  (OH)',  and  the  diazonium  ion,  {C^H^Brj,*Nj)*.  Thus  the 
salts  of  a  strong  acid,  the  sulphate,  <&c.,  do  not  suffer  this  decomposi- 
tion. Similarly,  the  diazotates  in  the  presence  of  excess  of  hydroxide, 
that  is,  when  the  ions  (OH)'  and  (IVH^Brj-N^O)',  but  not  the  ion 
(CgHjBrg'Nj)*,  are  in  solution,  are  also  stable. 

In  the  course  of  this  investigation,  the  author  had  occasion  to  rejeat 
the  experiments  in  which  Hautz-oh  and  Pohl  {Ber.,  1902,  35,  2964) 
obtained  s-tribromophenylnitrosoamine,  O^-H^Brj'NH'NO.  According 
to  these  chemists,  this  substance  is  formed  under  the  very  conditions 
in  which  the  author  observed  the  production  of  the  quinonediazide. 
Hantzsch  and  Pohl  found  that  the  nitrosoamine  was  produced  on 
cautiously  neutralising  solutions  of  the  diazotateo,  or  in  the  decomposi- 
tion of  dilute  solutions  of  diazonium  salts  of  weak  acids.  They 
failed  to  observe  the  elimination  of  bromine,  and  believed  that  the 
amorphous,  yellow  substance  which  is  formed  under  these  conditions 
consisted  only  of  the  nitrosoamine.  According  to  the  author,  this 
yellow  material  consisted  in  all  tases  observed  by  him  of  a  mixture  of 
a  complex  substance  or  substances,  probably  azo-  or  hydroxyazo-deriva- 
tives,  and  3  :  5-dibromoquinonediazide,  which  formed  under  the  most 
favourable  conditions  some  25  per  cent,  of  the  mixture.*  On  no  occasion 
was  any  evidence  of  the  presence  of  Hantzsch  and  Pohl's  nitrosoamine 
obtained. 

In   a   subsequent   paper,    Hantzsch   (Ber.,    1903,   36,  2069),  as  a 

*  For  further  comparisons  between  the  materials  described  by  Hantzsch  and  Pohl 
and  Orton  respectively,  see  Orton,  Trans.    1903,  83,  798, 
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consequence  of  the  author's  results,  modified  some  of  the  statements 
previously  made,  now  finding  that  bromine  is  eliminated  always  in 
the  decomposition  of  s-tribromodiazobenzene  under  the  conditions 
described  above,  the  quinonediazide  being  produced.  Further,  he 
admits  that  the  substance  previously  described  as  the  hydrochloride  of 
the  nitrosoamine  is  in  fact  the  hydrochloride  of  the  quinonediazide. 
He,  however,  still  claims  that  the  nitrosoamine  is  formed  and  is 
present  in  the  yellow  solid,  although  he  no  longer  describes  it  as  a 
stable  substance,  but  states  that  it  decomposes  at  any  but  a  low 
temperature,  hydrogen  bromide  and  the  quinonediazide  being  formed. 
He  ascribes  the  author's  failure  to  recognise  the  presence  of  the 
nitrosoamine  to  the  fact  that  the  author  worked  at  too  high  a 
temperature ;  below  0°,  the  nitrosoamine  does  not  decompose  so 
rapidly.  He  concludes  that  the  author  is  in  eri-or  in  representing  the 
decomposition  as  being  primarily  a  replacement  of  bromine  by 
hydroxyl.  Under  all  conditions,  he  believes  that  the  nitrosoamine  is 
the  first  product  of  the  change  of  a  diazonium  salt  or  diazotate,  and 
that  it  subsequently  decomposes  into  the  quinonediazide  with  the 
elimination  of  bromine. 

On  account  of  the  discrepancy  between  these  series  of  observations, 
and  still  more  from  the  fact  that  from  the  author's  point  of  view  it  is 
important  that  it  should  be  decided  whether  the  quinonediazide  is 
formed  directly  from  the  diazo-compounds,  a  view  which  all  the 
author's  experience  with  these  substances  has  gone  to  confirm  (Trans., 
1903,  83,  799,  &c.),  or  through  the  intermediary  stage  of  the 
nitrosoamine,  a  fresh  series  of  experiments  has  been  made  to 
investigate  the  decomposition  of  s-tribromodiazobenzene. 

Since  in  any  case  it  is  now  admitted  that  the  .v-tribromoplienyl- 
nitrosoamine  is  unstable  and  cannot  be  isolated  free  from  (Quinone- 
diazide, <kc.,  in  an  analysable  condition,  it  now  only  remains  to  be 
demonstrated  that  the  product  first  formed  at  low  temperatures 
contains  the  nitrosoamine,  and  secondly  that  this  proiluct  can  be 
shown  to  decompose  into  quinonediazide  or  otlier  substances  with  the 
elimination  of  bromine.  If  it  can  be  shown  that  the  yellow  product 
of  the  decomposition  not  only  contains  quinonediazide,  but  also  that 
the  proportion  of  diazide  neither  increases,  iior  do  any  subsequent 
decomjwHitions  take  place,  then  it  would  appear  that  generally,  at 
least,  no  nitrosoamine  is  formed  under  these  conditions,  or  at  any  rate 
that  it  does  not  decompose  into  the  (juinonediazide. 

Hantzsch  states  in  his  last  paper  (1)  that  the  i)rimary  yellow 
amorphous  product  contains  «-tribromophonylnitrosoamine,  since,  when 
treated  with  alcoholic  ^-naphthol,  «-tribroinobonzeneazo-/3-naphthol  is 
formed,  and  (2)  tliat  the  yellow  aqueous  extract  of  this  solid  is  a 
iiolution  of  the  nitrosoamine ;  this  solution,  according  to  llantzsch, 
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gives  no  precipitate  of  silver  bromide  until  it  is  warmed,  and  con- 
sequently the  nitrosoamine  decomposed,  and  at  first  gives  merely  the 
ordinary  coupling  with  y3-naphthol,  and  only  after  heating  the 
characteristic  colour  of  the  quinonediazides  with  this  reagent. 

The  following  experiments  have  been  made  to  throw  light  on  these 
points. 

lavestiyatioii    of    the    Decomposition    qf    Sodium    a-2Wftronto&0n2«iM- 
diazotate  hy  the  Addition  qf  Add. 

A  0*75  per  cent,  solution  of  the  diazotate  was  prepared  by 
adding  0"5  gram  of  the  diazonium  hydrogen  sulphate  in  50  c.c.  of 
water  to  25  c.c.  of  a  10  per  cent,  solution  of  sodium  hydroxide  cooled 
to  0°.  The  colourless  mixture  was  cooled  until  it  partially  frose,  the 
temperature  being  -  1°,  obviously  the  lowest  temperature  obtainable. 
A  current  of  carbon  dioxide  was  now  passed  in  until  a  copious,  yellow 
precipitate  was  formed.  The  temperature  w»g  then  allowed  to  rise 
until  the  whole  of  the  ice  had  melted  ;  it  never  exceeded  -  0"5^.  The 
yellow  solid  was  rapidly  collected  on  an  ice-cold  filter  and  washed  with 
ice-cold  water.  The  yellow  filtrate  was  directly  i*eceived  into  cooled 
dilute  nitric  acid  in  order  to  stop  the  decomposition  of  the  diazo- 
compound,  and  the  bromide  immediately  precipitated  by  silver  nitrate, 
when  0*1 688  gi-am  of  silver  bromide  was  found,  this  being  equivalent 
to  79  per  cent,  of  one  atomic  proportion  of  bromine. 

In  the  author's  first  experiments  (Trans.,  1903,  83,  808),  which 
were  carried  out  in  a  cooled  solution,  82  per  cent,  of  one  atomic 
proportion  of  bromine  was  eliminated.  On  keeping  the  filtrate  from 
the  silver  bromide  for  24  hours,  no  further  precipitation  of  bromide 
was  observed. 

The  Yellow  Solid. — A  portion  of  the  yellow  solid  directly  after 
collection  and  washing  with  ice-cold  water  was  suspended  in  water 
and  kept  for  24  hours  (temperature,  15 — 17*^).  The  yellow  filtrate 
thus  obtained  gave  no  precipitate  with  silver  nitrate.  If  the  unstable 
nitrosoamine  were  present  in  the  yellow  solid,  then,  according  to 
Hantzsch,  when  treated  in  this  manner,  it  should  have  decomposed  into 
the  quinonediazide  and  hydrogen  bromide,  which  should  have  been 
recognisable  in  the  solution. 

The  remainder  of  the  yellow  solid  was  suspended  in  alcoholic 
/3-naphthol  and  kept  for  24  hours  ;  the  orange-coloured  liquid  was  then 
filtered  from  yellow  solid  and  cautiously  precipitated  with  water.  The 
very  small  quantity  of  red  flocks  which  separated  was  washed  with 
alcohol,  and  melted  directly  at  155 — 165^.  Hantzsch  gives  169°  as 
the  melting  point,  but  records  no  analysis  of  this  solid,  which  he  takes 
to  be  nearly  pure  s-tribromobenzeneazo-/3-naphthol  (m.  p.  179 — 180°). 

VOL.    LXXXVll.  I 
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When  the  aqueous  and  more  especially  the  alcoholic  alkaline 
solution  of  this  solid  (m,  p.  165°)  was  cautiously  neutralised,  the 
characteristic  colour-changes  of  the  coupled  product  of  a  quinone- 
diazide  with  ^-naphthol  were  observed.  The  alcoholic  extract 
contains,  however,  besides  the  small  amount  of  coupled  /3-naphthol 
derivative,  a  considerable  quantity  of  3  : 5-dibromoquinonediazide, 
which,  on  adding  water,  is  partially  precipitated  with  the  ;8-naphthol 
derivative  ;  this  no  doubt  accounts  for  the  low  and  indistinct  melting 
point,  165°,  observed  for  the  red  flocks  ;  the  dibromophenolazo-^S- 
naphthol  melts  at  216 — 217°.  The  presence  of  the  quinonediazide  in 
the  alcoholic  [solution  of  the  )8-naphthol,  in  which  the  yellow  solid  has 
been  suspended,  can  be  very  readily  demonstrated  by  adding  a  drop  of 
sodium  hydroxide  solution  (see  p.  104).  The  characteristic  coupling 
of  a  quinonediazide  begins  immediately,  and  the  crystalline  product 
which  separates  melted  directly  at  210°.  Moreover,  the  quinonediazide 
can  itself  be  isolated  in  a  pure  and  crystalline  condition  (decomposing 
at  140°)  from  the  alcoholic  solution  of  )8-naphthol  used  for  extraction, 
by  carefully  regulated  addition  of  water. 

Decomposition  of  s-Tribromobenzenediazonium  Hydrogen  Carbonate. — 
Owing  to  the  length  of  time  required  for  the  diazonium  acetate  to 
change  to  an  appreciable  extent,  the  hydrogen  carbonate  was 
exclusively  used  in  these  experiments ;  it  was  prepared  by  adding  a 
slight  excess  of  sodium  hydrogen  carbonate  over  the  quantity  required 
by  the  ratio,  (CgHgBrg'Ng'^SO^) :  2(NaHC03),  to  the  aqueous  solution 
of  the  diazonium  hydrogen  sulphate. 

A  solution  of  0*5  gram  of  the  diazonium  hydrogen  sulphate  in  50  c.c. 
of  water  was  partially  frozen,  and  a  solution  of  0*2  gram  of  sodium 
hydrogen  carbonate  in  25  c.c.  of  ice-cold  water  rapidly  added. 
The  ice  was  allowed  to  melt  and  the  yellow  solid  collected  on  a  cooled 
funnel  within  20  minutes  of  mixing.  The  filtrate  was  received  into 
dilute  nitric  acid  and  the  bromide  precipitated, 

0"0858  gram  of  AgBr  was  found,  this  being  equivalent  to  40  per 
cent,  of  one  atomic  proportion  of  bromine. 

In  a  8e<!ond  experiment,  performed  in  an  exactly  similar  manner, 
0*0866  gram  of  Aglir  was  found,  an  amount  equivalent  to  40*5  per 
cent,  of  one  atomic  proportion  of  bromine. 

In  order  to  ascertain  if  the  yellow  solid  decomposed  on  keeping,  it 
waa  treated,  as  in  the  previous  experiment,  by  suspending  in  water  for 
24  hours.  No  broinido  was  found  in  the  liquid.  Moi*eover,  no  bromide 
wa«  formed  by  boiling  some  of  tho  yellow  solid  in  water  for  half  an 
hour. 

Another  portion  was  suspended  in  alcoliolin  /?-naphihol  ;  a  small 
amount  of  coupling  took  place,  the  coupled  product  behaving  as  in  tho 
Uut  experiment,  as  the  derivative  of  a  quinonediazide  ;  quinonediazide 
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was  also  extracted  from  the  yellow  solid  by  the  alcoholic  /3-naphthol, 
and  its  presence  demonstrated  by  making  the  solution  alkaline. 

It  will  V>e  noted  that  in  these  experiments  very  small  quantities  of 
diazonium  hydrogen  sulphate  were  used  at  any  one  time.  The  yellow, 
amorphous  precipitate  obtained  in  the  reaction  cannot  be  filtered  easily, 
and  is  accordingly  difficult  to  wash.  Rapidity  is  essential  in  dealing 
with  such  a  substance  as  the  nitrosoamine,  which  is  so  sensitive  to 
temperatures  above  QP.  Further,  since  the  recognition  of  the  nitroso- 
amine depends  mainly  on  the  formation  of  t-tribromobenzeneazo-/}- 
naphthol,  it  is  obvious  that  all  unchanged  diazonium  salt  adhering  to 
the  precipitate  must  be  washed  away  before  bringing  the  solid  into 
contact  with  the  alcoholic  ^-naphthol. 

In  the  experiment  just  du.scribed,  a  very  dilute  (leu  than  1  per 
cent.)  solution  of  tlie  diazonium  salt  was  used.  In  other  experiments, 
more  concentrated  solutions  up  to  10  per  oent.  have  been  employed, 
without,  however,  affecting  the  results. 

It  would  appear  therefore  as  if  the  yellow  solid,  prepared  by 
both  methods  at  the  lowest  attainable  temperature,  undergoes  on 
keeping  at  a  higher  temperature  no  decomposition  in  wliich  hydrogen 
bromide  is  eliminated  ;  further,  the  yellow  solid  always  contains  the 
quinonediazide. 

Behaviour  of  tlis  Aqueoiis  Extract  of  the  Yellow  Solid. — The  yellow 
solid  was  prepared,  as  above  described,  by  treating  a  solution  of  diazo- 
nium hydrogen  sulphate  (1  gram-mol.)  with  sodium  hydrogen  carbonate 
(2  gram-mols.).  Tlie  product,  the  temperatui-e  of  which  was  not 
allowed  to  rise  above  0"^,  was  extracted  with  100  c.c.  of  ice-cold  water 
for  half  an  hour.  The  yellow  solution  thus  obtained  gave  no  precipi- 
tate with  silver  nitrate ;  after  boiling,  a  cloudiness  was  observed, 
which  disappeared  on  the  addition  of  nitric  acid  and  could  not  there- 
fore l>e  a  pi"ecipitate  of  silver  bromide.  It  coupled  faintly  both  before 
and  after  boiling  with  ^-naphthol.  After  keeping  for  24  hours,  its 
behaviour  towards  silver  nitrate  was  unchanged.  On  shaking  with 
chloroform,  which  entirely  extracts  the  quinonediazide  (see  p.  104^  a 
colourless  liquid  remains,  showing  no  sign  of  coupling  and  giving  no 
precipitate  with  silver  nitrate.  The  diazophenol  in  the  chloroform 
extract  was  converted  into  the  /3-naphthol  derivative,  which  gave 
directly  the  correct  melting  point,  216 — 217'.  The  aqueous  ezti-act 
behaved,  in  fact,  exactly  as  if  it  were  an  aqueous  solution  of 
3  :  5-dibromoquinonediazide. 

Estimation  of  the  Quinonediazide  in  th«  Yellow  Solid. — In  order  to 
demonstrate  as  completely  as  possible  that  the  quinonediazide  does  not 
arise  from  a  decomposition  in  the  primary  yellow  solid,  attempts  were 
made  to  estimate  directly  the  proportion  of  the  diazide  present,  and 
at  the  same  time  to  show  that  this  quinonediazide  is  not  the  pi'oduct 

1  2 
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of  the  decomposition  of  the  nitrosoamine.  Since  the  latter  change 
must  be  accompanied  by  the  formation  of  hydrogen  bromide,  its 
extent,  if  it  occurs,  could  be  easily  measured. 

Detection  and  Estimation  of  the  Quinonediazide. — It  is  remarkable 
that  in  neutral  or  faintly  acid  solution  (either  alcoholic  or  aqueous), 
quinonediazides  couple  very  slowly  indeed  with  )8-naphthol,  but  in  the 
presence  of  a  minute  quantity  of  a  base,  either  a  hydroxide  or  such  a 
base  as  pyridine,  the  coupling  is  not  only  rapid  but  complete.  The  best 
method  of  coupling  a  quinonediazide  with  )8-naphthol  is  to  dissolve 
both  substances  in  alcohol  and  then  add  from  0*5  to  1  c.c.  of  0'5 
per  cent,  solution  of  sodium  hydroxide.  Coupling  begins  immediately, 
the  solution  acquiring  a  characteristic  purple  colour.  In  a  short  time, 
crystals  of  the  coupled  product  appear,  and  the  process  is  complete  in 
3  or  4  hours,  although  when  the  quinonediazide  was  to  be  estimated 
the  mixture  was  left  overnight ;  it  was  then  acidified  with  a  drop  of 
acetic  acid  and  the  solid  collected  on  a  Gooch  filter,  washed  with 
alcohol,  dried  at  100°,  and  weighed.  In  order  to  estimate  the  quinone- 
diazide in  aqueous  solution,  the  liquid  was  extracted  three  times 
with  chloroform,  which  removed  the  diazide  completely,  leaving  a 
colourless  solution ;  the  chloroform  was  evaporated  at  a  low  tempera- 
ture, and  the  residue  taken  up  in  alcohol,  in  which  the  coupling  was 
carried  out.  When  the  quinonediazide  has  to  be  extracted  from  a 
solution  containing  diazonium  salt,  the  chloroform  must  be  very  care- 
fully separated  from  the  aqueous  liquor.  Solids  containing  a  quinone- 
diazide can  be  extracted  directly  with  cold  alcohol. 

Comparative  experiments  were  made  with  jo-nitrophenylnitrosoamine, 
NOj'CflH^'NH'NO,  which  was  prepared  according  to  Schraube  and 
Schmidt's  directions  {Ber.,  1894,  27,  518).  In  alcoholic  solution,  the 
nitrosoamine  couples  very  rapidly  with  yS-najjhthol ;  the  reaction  does 
not  appear  either  to  be  accelerated  by  the  presence  of  bases  or  to  be 
rendered  more  complete.  This  nitrosoamine  therefore  offers  a  marked 
contrast  to  the  quinonediazides  in  this  respect. 

In  the  estimation  of  the  quinonediazide  in  the  original  yellow  solid 
by  conversion  into  the  ;8-naphthol  derivative,  the  formation  of  hydrogen 
bromide  during  the  operation  was  carefully  looked  for.  The  yellow 
solid  for  each  experiment  was  prepared  from  2  grams  of  s-tribromobenz- 
enedittzonium  hydrogen  sulphate,  which  was  dissolved  in  25  c.c.  of 
water,  the  Kolution  partially  frozen,  and  then  0  8  gram  of  sodium 
hydrogen  carbonate  (2*1  equivalents)  dissolved  u  26  c.c.  of  ice-cold 
water  added.  The  ice  in  the  mixture  was  allowed  to  melt,  the  tem- 
perature never  rising  above  C.  The  yellow  solid  was  xapidly  collected 
and  washed  with  ice-cold  water.  The  filtrate  contained  bromide 
uquivalont  to  41  por  cent,  of  one  atomic  proportion  of  bromine.  The 
■olid  WHH  left  in  contact  with  75  (i.e.   of  ice-cold  alcohol   for  half  an 
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hour ;  the  yellow  solution  was  filtered  and  1  gram  of  /3-naphthol  in 
15  c.c.  of  cold  alcohol  added.  On  introducing  0  005  gram  of  sodium 
hydroxide  dissolved  in  1  c.c.  of  water,  a  rapid  coupling  immediately 
began.  After  24  hours,  the  deeply -coloured  liquid  from  which  crystals 
had  separated  was  acidified  with  acetic  acid  and  the  solid  dibromo- 
phenolazo-^-naphthol  collected,  washed  with  alcohol,  and  weighed. 
The  weight  was  024  gram,  and  the  substance  melted  without 
recrystallisation  at  213°  instead  of  216°.  This  amount  of  coupled 
quinonediazide  represents  12'5  per  cent,  of  the  diazonium  salt  used. 
Tho  amount  of  (quinonediazide  does  not  correspond  to  the  bromine 
eliminated,  since  not  only  does  a  portion  remain  in  the  aqueous  liquor, 
but  also  part  condenses  forming  the  yellow  amorphous  powder. 

If  the  whole  of  the  quinonediazide  found  was  not  originally 
present  in  the  yellow  solid,  but  was  formed  secondarily  from  tho 
nitrosoamine  during  the  treatment  with  cold  alcohol,  or  after  addition 
of  sodium  hydroxide,  then  not  only  should  hydrobromic  acid  have  been 
formed,  thus  neutralising  the  alkali  (0005  gram  NaOH),  but  bromine 
ions  should  have  been  found  in  the  alcoholic  liquor.  The  liquid,  how- 
ever, remained  alkaline  during  the  24  hours  through  which  it  was  kept 
for  the  coupling  to  become  complete.  Finally,  the  bromide  was 
estimated  in  the  alcoholic  mother  liquor,  from  which  the  coupled 
product  had  been  filtered.  The  liquor  was  poured  into  500  c.c.  of 
water,  kept  for  24  hours,  and  the  )3-naphthol  filtered  off.  Silver 
nitrate  and  nitric  acid  were  then  added ;  a  slight  red  precipitate 
was  formed,  which  was  collected  in  a  weighed  Gooch  crucible  and 
there  washed  with  alcohol  and  finally  with  ether.  No  solid  remained 
in  the  crucible,  the  weight  of  which,  after  drying  at  150°,  was 
unchanged.  If  the  quinonediazide  which  was  found  had  been  entii-ely 
formed  from  nitrosoamine,  originally  present  in  the  yellow  solid,  01 07 
gram  of  silver  bromide  would  have  been  obtained. 

Repetitions  of  this  experiment  gave  exactly  similar  results,  0*23 
gram  and  0  2 3 2  gram  respectively  of  coupled  product  being  found 
and  no  silver  bromide  obtained  from  the  alcoholic  filtrate. 

In  another  experiment,  the  conditions  were  somewhat  varied ;  3 
instead  of  2'1  equivalents  of  sodium  hydrogen  carbonate  were  used,  and 
the  mixture  was  only  allowed  to  stand  for  15  minutes.  Fifty  per  cent, 
of  one  atomic  proportion  of  bromine  was  found  in  the  aqueous  filtrate. 
The  alcoholic  extract  of  the  yellow  solid  yielded  dibromophenolazo- 
^-naphthol,  representing  12*07  per  cent,  of  the  diazonium  salt  used. 

It  will  be  seen  therefore  from  the  above  experiments  that  not  only 
has  it  been  impossible  to  obtain  any  evidence  of  the  presence  of 
the  nitrosoamine  in  the  yellow  solid  formed  in  the  decomposition  of 
s-tribromobenzenediazonium  salts  of  weak  acids  (hydrogen  carbonates), 
but  it  seems  impossible  to  doubt  that  the  quinonediazide,  which  can  be 
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recognised  and  estimated  in  the  yellow  solid,  is  not  produced  even 
partly  from  the  nitrosoamine  originally  present  therein,  since  the 
other  product  of  the  decomposition,  hydrogen  bromide,  cannot  be  found. 
Up  to  the  present  the  author  has  not  been  able  to  obtain  any 
evidence  of  the  formation  of  the  nitrosoamine ;  under  the  conditions 
when  its  formation,  from  analogy  with  the  formation  of  Schraube  and 
Schmidt's  ^>nitrophenylnitrosoamine,  was  to  be  expected,  another 
reaction  takes  place,  namely,  the  displacement  of  bromine  by  hydroxyl, 
a  reaction  which  is  not  possible  in  the  case  of  the  j[>-nitro-derivative. 

It  will  be  convenient  here  to  record  some  experiments  on  the  decom- 
position of  s-tribromobenzenediazonium  salts  in  the  presence  of  a 
hydrogen  carbonate ;  these  experiments  bear  on  the  results  given  in 
the  first  part  of  this  paper,  and  illustrate  the  effect  of  the  proportion 
of  hydrogen  carbonate  and  of  time  and  temperature  on  the  extent  of 
the  reaction. 

The  reaction  between  the  diazonium  hydrogen  sulphate  and  the 
hydrogen  carbonate  never  leads  (at  the  ordinary  temperature)  to  the 
complete  elimination  of  one  atomic  proportion  of  bromine,  owing  to  the 
condensation  of  the  undecomposed  diazo-compound  both  with  itself 
and  with  the  quinonediazide ;  the  condensation  product  is  the  yellow, 
amorphous,  insoluble  powder  of  high  molecular  weight,  which  gener- 
ally forms  the  major  part  of  the  yellow  precipitate.  The  follow- 
ing table  shows  the  effect  of  the  proportion  of  hydrogen  carbonate 
on  the  extent  of  the  reaction. 

For  each  gi-am-mol.  of  diazonium  hydrogen  sulphate,  the  following 
quantities  of  hydrogen  carbonate  were  used  : 

Gram-mola.  of  liydrogen  carbonate    2  3  4  8 

Percentage  of  one  atomic  proportion  of  bromine, 

appearing  as  bromine  ions    49        55        81         87 

When  two  gram-mols.  of  hydrogen  carbonate  are  used,  it  will  be 
noticed  that  the  reaction  ceases  (practically)  when  sufticient  bromine 
ions  liave  been  produced  to  convert  completely  any  hydrogen  carbonate 
into  bromide. 

The  effect  of  time  is  shown  in  the  following  results  : 


GrADiniols.  of 

hydrogen 

Percentage  of  one  atomic 

carltoiiato  for  1 

gram-mol. 

Time  occupied  by 

ltro]>ortion  of  bromine, 

of  diazonium  wilt. 

the  reaction. 

found  as  ions. 

2 

10  minutes 

40 

2 

l"7r)  liours 

41 

2 

rz 

49 

4 

2 

81 

4 

772 

81 

8 

ID  minute8 

86 

8 

72  hours 

87 
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The  effect  of  temperature  between  the  limits  of  0^  and  15°  is  very 
small.  Thus,  using  4  gram-mols.  of  hydrogen  carbonate  (time,  2  hours), 
79*4  per  cent,  of  one  atomic  proportion  of  bromine  was  eliminated  at 
0°,  whilst  at  13^  81  percent,  was  found. 

From  this  result,  it  appears  that  the  difference  between  the  author's 
and  Hantzsch's  results  is  not  due  to  the  difference  of  temperatui-e  at 
which  the  reactions  were  carried  out. 

The  author  wishes  to  express  his  indebtedness  to  the  Chemical 
Society  for  the  Grant  from  the  Research  Fund  by  means  of  which  the 
cost  of  this  investigation  was  partly  defrayed. 

Univeksitv  College  of  Nobth  Walks, 
Bakook. 


XV. — The  Determination  of  Acetyl  Gruups. 

By  Arthur  George  Pkrkix,  F  1*  S 

For  the  estimation  of  acetyl  groups  in  the  acei\i  tierivutives  of 
phenolic  substances,  the  indirect  method  which  consists  in  the  deter- 
mination of  the  percentage  of  regenerated  phenol  given  by  hydrolysis 
is,  when  available,  the  most  advantageous.  The  employment  of  sul- 
phuric acid  for  this  pui'pose  appears  to  have  been  iirst  described  by 
Liebermann  (Ber.,  1884,  17,  1682),  who  analysed  acetylquercetin  by 
means  of  a  70  per  cent,  acid  at  the  temperature  of  the  water-bath. 
Various  modifications  of  this  method  have  been  employed  by  others, 
and  I  have  shown  that  hydrolysis  with  sulphuric  acid  in  the  presence 
of  acetic  acid  (1  gram  of  substance,  15  c.c.  of  acetic  acid,  and  2  c.c.  of 
sulphuric  acid  approximately)  at  the  boiling  heat  gives  good  results 
with  most  acetyl  compounds  (Trans.,  1896,  69,  210).  The  product  of 
the  reaction,  on  cautious  dilution  with  boiling  water,  as  a  rule,  deposits 
the  phenol  in  a  crystalline  condition,  and  the  substance  is  thus  very 
easily  collected  and  washed.  This  method  has  also  been  employed 
with  a  satisfactory  result  at  the  ordinary  temperature  (Trans.,  1898, 
74,  1034),  and  again  the  sulphuric  acid  can  be  replaced  by  hydrochloric 
acid  (5  c.c.)  when  sulphonation  is  likely  to  occur  (Trans.,  1899,  75, 
448).  Alkaline  hydrolytic  agents  are  sometimes  serviceable  as  regards 
the  indirect  method,  but  in  cases  where  the  regenerated  phenol  is 
liable  to  attack  by  the  alkali,  strong  alcoholic  potassium  acetate  can 
frequently  be  employed  with  advantage. 

In  many  cases,  however,  the  indirect  method  is  not  available,  and  it 
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is  then  necessary  to  determine  the  acetic  acid  produced  by  the  hydro- 
lysis. For  this  purpose,  the  decomposition  of  the  acetyl  compound  is 
effected  by  means  of  potassium  hydroxide,  barium  hydroxide  (Herzig, 
Monatsh.,  1884,  5,  86),  magnesia  (Schiff,  Ber.,  1879,  12,  1531),  &c., 
and  the  acetic  acid  estimated  in  various  ways.  The  latter  reagents 
have  been  employed  in  certain  cases  where  a  strong  alkali  would  react 
on  the  phenol  itself  ;  for  instance,  according  to  Erdmann  and  Schultz 
{Ann.,  1882,  216,  234),  acetylhsematoxylin  evolves  formic  acid  when 
digested  with  boiling  dilute  alkali.  F.  Wenzel  {Monatsh.,  1897,  18, 
659)  prefers  to  hydrolyse  the  substance  with  a  slightly  diluted  sul- 
phuric acid,  sodium  phosphate  being  then  added  and  the  acetic  acid 
distilled  off  under  reduced  pressure.  Such  processes,  however,  involve, 
as  a  rule,  long  and  tedious  operations,  and  are  not  always  reliable  with 
small  quantities  of  substance,  and  it  was  consequently  interesting  to 
determine  whether  some  simpler  and  more  rapid  method  could  not  be 
devised. 

It  was  previously  found  (Trans.,  1899,  75,  433)  that  the 
acetyl  derivatives  of  phenolic  colouring  matters  are  hydrolysed  by 
boiling  alcoholic  potassium  acetate  solution  with  the  production  of  ethyl 
acetate  and  the  mono-  and  di-potassium  salts  of  the  substance,  and 
experiments  with  other  0-acetyl  compounds  showed  that  in  all  cases 
ethyl  acetate  was  evolved  by  this  method.  In  order  to  study  the  pro- 
cess, 0  5  gram  of  the  substance  was  digested  at  the  boiling  temperature 
in  a  small  retort  with  a  half-saturated  solution  of  potassium  acetate 
in  alcohol  for  one  and  a  half  hours,  the  volume  of  the  liquid  being 
made  up  from  time  to  time  with  fresh  quantities  of  alcohol.  The  dis- 
tillate was  treated  with  standard  alcoholic  potash,  heated  to  boiling  to 
saponify  the  ethyl  acetate  present,  and  titrated  with  sulphuric  acid  to 
determine  the  quantity  of  acetic  acid  which  was  thus  produced.  The 
earlier  experiments  carried  out  in  this  manner  gave  satisfactory  results, 
as  acetylbutin,  C-^^^O^iC^ifi)^,  yielded  45 '60  per  cent,  of  acetic  acid 
(theory, 4523  per  cent.),  and  acetylbutein,  0^511805(021130)4, 54  per  cent, 
(theory,  54*54  per  cent.),  but  with  some  other  compounds  the  reaction 
proceeded  but  slowly  and  involved  the  use  of  large  quantities  of 
alcohol.  For  instance,  penta-acetylcatechin,  C^^^O^^(C,^\^i))^  (m.  p. 
129 — 130°),  was  not  completely  hydrolysed  after  3  hours'  digestion 
with  the  acetate  (found,  acetic  acid  =  43*35 ;  theory  requires  60  per 
cent.),  and  a  soniowhat  similar  result  was  given  by  acetylcyanomaclurin, 
0,5UjOj(CjHjO)(j  (found,  35*8  ;  theory  requires  GO  percent.).  Although 
it  appeared  quite  possible  by  a  longer  treatment,  or  the  employment 
of  a  higher  temperature,  to  devise  a  method  by  which  the  use  of 
potassiufia  acetate  would  be  generally  applicable,  the  experiments  were 
not  continued,  as  the  following  process,  in  which  the  acetate  is  replaced 
by  sulphuric  acid,  gave  satisfactory  and  ntpid  results. 
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In  Ciinying  out  this  operation,  05  gram  of  the  substance  (approx.), 
30  c.c.  of  alcohol,  and  2  c.c.  of  sulphuric  acid  are  placed  in  a  small 
i-etort  and  the  mixture  gently  distilled  until  about  one-third  of  its 
bulk  remains.  Twenty  c.c.  of  fresh  alcohol  are  then  added,  the  opera- 
tion repeated,  and  a  second,  atid  sometimes  a  third,  quantity  of  the 
alcohol  run  in.  The  distillate  is  collected  in  a  flask  containing  20  c.c. 
of  standard  alcoholic  potash  solution,  and  at  the  end  of  the  operation 
is  connected  to  a  reflux  condenser  and  heated  on  the  water-bath  for  a 
few  minutes.  The  product  diluted  with  a  little  water  is  titrated  with 
standard  sulphuric  acid.*  It  has  been  usual  to  distil  slowly  so  that 
about  three-quarters  of  an  hour  is  thus  occupied,  and  it  is  of  course 
necessary  that  the  distillation  be  not  carried  too  far,  otherwise  an 
evolution  of  sulphurous  acid  will  thus  occur.  In  order  that  no  traces 
of  acid  liquid  can  be  carried  over  by  spurting,  the  tubulure  of  the 
retort  is  bent  from  the  centre  at  a  slight  angle,  and  into  the  neck  a 
small  tap  funnel  is  fitted  by  means  of  which  the  fresh  alcohol  is  added 
during  the  distillation.  The  whole  operation  should  not  require  more 
than  an  hour  and  a  quarter,  and  less  than  this  is  usually  suflicient. 
The    following    acetyl    derivatives,    specially    prepared,    have    been 

analysed  by  this  method. 

Acetic  acid. 


^oond. 

Theory. 

37-59 

37-04 

58-44 

58-59 

62  40 

61-86 

45-60  i 
45-34 

45  23 

00-24 

60  00 

60-18 

60  00 

4254 

42  06 

Aectylalizariue  C,4Hg04{C,H,0).i 

Acetylqueivt'tia C\jH80t(C.jH,0)5 

AectylpuipuiO},'allin  ...  C„HP5(C,HjO)^ 

Aoetylbutin    CijHyOsiCjHsO)^ 

Acetykatechin  (m.  p.  129—130°)..  CijH»08(CsH,0)5 
Acetylcatei'hin  (m.  p.  158—160°)..  C'i,H,0,(C,H:,O)4 
Acetylhesperitin Ci,HnOglCjH30)3 

It  was  found  possible,  except  in  the  case  of  the  catechins,  to  recover 
the  phenolic  compounds  regenerated  by  the  reaction  in  a  pure  con- 
dition, and  it  is  quite  evident  that  where  these  substances  are  insol- 
uble in  cold  water  an  indirect  determination  can  be  simultaneously 
carried  out  by  this  method.  The  above  results  require  no  special  com- 
ment, though  it  is  interesting  to  observe  that  acetylhesperitin  has 
given  numbers  in  harmony  with  those  previously  obtainetl  by  hydro- 
lysis in  the  cold  (Trans.,  1898,  74,  1034).  Various  other  0-acetyl 
compounds  have  been  analysed  by  this  method  with  good  result,  and 
these  will  be  referred  to  in  later  communications. 

It  is  possible  that  the  sulphuric  acid  in  this  process  can  be  replaced 
by  phosphoric  acid.  In  one  experiment  with  diacetylalizarine  an  acid 
of  1-5  sp.  gr.  gave,  during  an  hour  and  a  half,  17-8  per  cent,  of  acetic 

*  Normal  sulphuric  acid  was  usually  employed,  but  when  only  small  quantities 
of  substance  are  available,  a  more  dilute  acid  is  preferable. 
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acid  (theory  37"59)  as  ethyl  acetate,  and  it  seems  likely  that  had  the 
reagent  been  stronger  a  more  satisfactory  result  could  thus  have  been 
obtained. 

A  cetylamidO'COmpounds. 

The  method  described  is  also  applicable  to  i\^-acetyl  derivatives,  but 
in  this  case  is  not  so  important,  because  the  detection  of  amido-groups 
can  be  so  readily  effected  by  the  well  known  "nitrite"  process.  For 
these  de'erminations,  4  c.c.  of  sulphuric  acid  in  30  c.c.  of  alcohol  have 
been  usually  employed,  and  the  solution  was  concentrated  during  the 
operation  to  at  least  one-third  its  bulk,  for  hydrolysis  with  these  com- 
pounds does  not  proceed  so  readily  as  with. the  0-acetyl  derivatives. 
The  residual  liquid  is  diluted  with  alcohol  and  the  mixture  distilled  as 
before,  and  this  is  repeated  until  the  distillate  is  free  from  ethyl  acetate. 
The  reaction  is  usually  complete  in  an  hour  and  a  half,  and  the  only 
precaution  necessary  is  to  observe  that  the  concentration  does  not 
proceed  too  far.  The  following  results  were  obtained  with  products 
specially  prepared  for  the  purpose  : 

Acetic  acid. 


Acetanilide   CeHs'NH-CO'CHg 

Aceto-p-toluidide C-Hv-NH'CO-CHg 

Diacetylbenzidine Ci^HgCNH 'CO '0113)2 

Clothworkers'  Rksearch  Laboratory, 
The  Univeh-sity, 
Leeds. 


Found. 

Theory. 

f44-74\ 
144-55/ 

44-44 

39-85 

40-21 

44-54 

44-77 

XVI. — Studies  in  the  Camphane  Series.  Part  XVI. 
Camphorylcarhimide  and  Isomeric  Camphorylcarh- 
amides. 

By  Mabtin  Onslow  Foiister  and  Hans  Eduard  Fierz. 

The  readine8.s  with  which  horny lamine,  the  amino-derivative  of  a  fully 
hydrogeuatod  cycloid,  is  converted  into  bornylcarbimide  by  the  action 
of  nitrous  acid  on  the  carbamide  (Forster  and  Attwell,  Trans.,  1904, 
86,  1188)  has  led  us  to  examine  the  behaviour  of  more  complex  bases 
from  the  same  standpoint.  Choosing  amiuocauiphor  us  a  convenient 
type  of  the  amino-ketones,  wo  treated  the  hydrochloride  with  potassium 
cyauate  in  order  to  prepare  the  camphorylcarbamide  obtained  by  Kupe 
(i>«r.,  1894,  27,  584,  and  1895,  28,  778),  and  ut  this  stage  encountered 
oiroutnstances  which  have  brought  to  light  u  camphoryl-^-carbamide 
exhibiting  iuterestiug  prujiurtiuu. 
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Rupe  describes  the  carbamide  of  amiaocamphor  as  melting  at  169° 
without  evolving  gas,  and  yielding  with  condensing  agents  camphor- 
imidazolone,  0,jHjgON^„  infu.sible  at  320°;  nitrous  acid  traut^formed  hia 
modification  of  camphorylcarbamide  into  a  comjx)und  melting  at  77°, 
the  properties  of  which  escaped  examination,  whilst  the  substance 
itself  was  not  analysed. 

Although  we  substantiate  Rape's  account  in  every  particular,  our 
experiments  show  that  a  very  slight  modification  of  his  conditions 
leads  to  an  isomeric  substance  which  melts  somewhat  indefinitely  and 
decomposes  at  184\  and  yields  with  nitrous  acid  at  0'  a  true  nitroco- 
derivative  melting  at  158°.  The  new  compound,  however,  reaemMag 
Rupe's  in  furnishing  camphorimidazolone  when  dissolved  in  0OD0eD> 
trated  sulphuric  acid,  and  if  treated  with  nitrous  acid  in  the  absence 
of  precaution  against  rise  of  tem|)erature,  it  givea  the  subitaQoe  melting 
at  77°  which  was  obtained  by  Kupe  from  his  camphmylcarbamide ; 
moreover,  the  differences  in  solubility,  and  in  specific  rotatory  poww, 
dis])layed  by  the  two  isomerides,  are  unimportant. 

At  first  we  suspected  the  discrepancy  between  Rupe's  results  and 
our  own  to  depend  upon  a  difference  in  the  specimens  of  amiuo- 
camphor  employed,  because  Rupe  prejiared  his  material  by  reducing 
wonitrosocamphor  with  zinc  and  acetic  acid,  whereas  we  applied  the 
alkaline  method,  and  in  working  with  substitution  products  of  camphor 
it  is  necessary  to  keep  in  view  the  possible  occuiTence  of  ci^rans- 
isomerism,  as  in  the  case  of  bornylamine  and  neoboruylamine.  We 
find,  however,  that  the  formation  of  the  isomeric  camphorylcarbamides 
does  not  depend  upon  the  source  of  the  aminocamphor,  but  is  influenced 
by  the  concentration  of  the  liquid  in  which  the  hydrcxihloride  of  the  base 
interacts  with  potassium  cyauate,  and  by  the  presence  of  acid  or  alkali. 

The  production  of  two  carbamide  derivatives  from  a  single  base  is  a 
somewhat  unusual  occurrence,  and  the  distinction  offered  by  amino, 
camphor  in  this  respect  from  bornylamine  and  aniline,  each  of  which 
yields  one  carbamide  only,  appeal's  to  indicate  the  cai'bonyl  gi-oup  as 
causing  the  divergence  of  behaviour. 

On  considering  the  possible  constitution  of  the  two  isomerides^ 
numerous  structural  formula  suggest  themselves. 

TT    r>.TT  ^ch-nh-c(oh):nh     ^^^  ^,^  ^ch — nil 

IV.  C,H„<^^^jj^_^>C.OH  V.  C3H..<^^jjj_^-:NH 

;h — 

'(OH)- 


VI.  C.H,.<^f^jj  .^.NH. 
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Of   these   expressions,    II   with  Ila,  IV,  and  VI  are  the  tautomeric 

forms  of  I,  III,  and  V,  respectively,  and  although  there  can   be  little 

doubt  that  one  or  other  of  the  compounds  has  the  normal  structure  I, 

it  is  not  easy  to  draw  a  definite  conclusion  regarding  the  isomeride  ; 

before  doing  so  it  will  le  necessary  to  indicate  briefly  the  various 

properties  which  must  be  brought  into  agreement. 

It  has  been  mentioned  that  the  substance  melting  at  77°,  obtained 

by  Rupe  from  camphorylcarbamide  and  nitrous  acid,  was  not  further 

examined  by  its  discoverer ;  on  preparing  it  for  comparison  with  the 

nitroso-derivative  of  camphoryl-i/^-carbamide,  we  found  that  it  is  the 

PTT'T^'O'O 
hitherto  unknown  camphorylcarbimide,  CgHj^*;^  i  '    '    .     Not  only 

does  this  compound  arise  from  the  ^sewc^o-carbamide  also  if  the  action 
of  nitrous  acid  is  not  controlled  by  a  low  temperature,  but  it  is  pro- 
duced immediately,  with  liberation  of  nitrogen,  when  the  freshly 
prepared  campborylnitroso-i/r-carbamide  is  warmed  with  water  ;  if,  how- 
ever, the  nitroso-compound  is  dried  in  the  desiccator,  or  recrystallised 
from  alcohol,  boiling  water  has  no  action  upon  it.  The  behaviour  of  the 
two  carbamides  towards  nitrous  acid  appears  to  differ,  therefore,  in  the 
fact  that  a  hydrated  nitroso-derivative,  forming  an  intermediate  stage 
in  the  production  cf  the  carbimide,  can  be  isolated  only  in  the  case 
of  the  psettJocarbamide. 

Towards    hydroxylamine   acetate    they    behave   alike.      With   this 
agent,  both  yield  the  oxime  of  camphorylcarbamide, 

^,  „      XH-NH-CO-NH„     ,     .     ,  ,  ,         .       u  J 

^8^i4*\/T\T/  )TT  '  obtained  from  a-aminocamphoroxime  nydro- 

chloride  and  potassium  cyanate  by  Lapworth  and  Harvey  (Trans., 
1902,81,553).  Here  again,  the  production  of  a  single  oxime  from 
the  two  carbamides  indicates  the  carbonyl  group  as  the  cause  of 
isomerism,  which  disappears  with  oximation  of  the  ketone. 

If  the  hydrochloride  of  methylaminocamphor  is  treated  with 
potassium  cyanate,  two  carbamides  again  are  formed.  One  of  these 
has  been  de8cril)ed  already  by  Duden  and  Pritzkow  (Ber.,  1899,  32, 
1638)  as  melting  at  185";  in  addition  to  this  compound  we  have 
obtained  a  /»»ew(/o- carbamide  melting  at  200",  and,  as  would  be  foreseen 
from  the  position  of  the  methyl  group,  nitrous  acid  is  without  action 
on  either  compound.  Of  the  two  pairs  of  carbamides  which  have  been 
studied,  the  one  of  lower  melting  point  is  transformed  into  the  psevdo- 
•  modification  by  aqueous  alkalis,  whilst  dilute  acids  bring  about  the 
converse  change. 

The  foregoing  facts  lead  us  to  regard  Kupe's  carbamide  as  having  the 
normal  structure  I,  and  to  represent  the  ;>«ew^/o-inodification  by  formula 
HI,  Expressions  corroHponding  with  V  and  VI  liave  been  used  by 
Gabriel  (J5«r.,   1889,  22,   2990;  compare  also  Hirsch,  Jkr.,  1890,  23, 
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966,  Gabriel  and  Stelzner,  Ber.,  1895,  28,  2929)  in  explaining  the 
transformation  of  allylcarbamide  into  propylene-^-carbamide,  which  is 
obtained  also  from  /8-bromopropylamine  hydrobromide  and  potastdum 
cyanate,  but  these  do  not  appear  to  us  applicable  in  the  present 
instance,  chiefly  owing  to  the  difficulty  of  eliminating  ammonia  by 
alkalis,  and  to  the  readiness  with  which  camphorimidazolone, 

0,H,.<^«>CO. 

is  obtainable  by  the  action  of  dehydrating  agents. 

By  analogy  with  the  camphorylcarbamides,  the  camphorylmethyl- 
carbamide  described  l)y  Duden  and  Pritzkow,  and  the  /M0uJo-modifie*- 
tion  mentioned  above,  will  be  represented  by  the  formulte 

_,„       CHNMeCONH.,  CH— NMe.^„ 

respectively,  whilst  the  indifference  of  these  compounds  towards  nitrous 

acid  indicates  the  structure  C8Hw<^X/^^\  ^tt^^CO  for  the  nitroao* 

derivative  of  camphoryl-^-carbamide.  The  decomposition  of  the  last- 
named  substance  iu  its  hydrated  form  when  warmed  with  water  is 
explained  by  the  equation 


^gHiiX 


CH — 1:^- 

iH(> 

();H 


-NH 


From  a  study  of  camphorylthiocarbamide  and  the  carbamiuo- 
derivatives  of  the  eamphylamines,  we  hope  to  gain  further  information 
respecting  this  case  of  isomerism,  and  are  therefore  continuing  the 
investigation  on  these  lines. 

It  remains  to  be  stated  that  carophorylcarbimide  closely  resembles 
bornylcarbimide  in  general  properties ;  it  surpasses  that  substance  in 
chemical  activity,  however,  being  converted  into  the  disubstituted 
carbamide  much  more  readily  by  water,  and  yielding  with  methyl  and 
ethyl  alcohols  the  corresponding  carbamates.  From  this  point  of  view, 
therefore,  it  lies  between  bornylcarbimide  and  phenyl  car  bimide. 

Experimental. 
Camphoi'i/l-il/-carbamide,    C^Hj^^V  ^     >C0. 

Fifty  grams  of  i*onitrosocamphor  dissolved  in  200  c.c.  of  water  con- 
taining 60  grams  of  sodium  hydroxide  were  treated  with  50  grams  of 
zinc   dust,    the   liquid   being   vigorously   shaken     and    cooled.      The 
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precipitated  aminocamphor  was  removed  by  means  of  ether,  dissolved 
in  80  c.c.  of  15  per  cent,  hydrochloric  acid,  and  mixed  with  50  grams 
of  potassium  cyanate  in  150  c.c  of  water.  A  viscous  oil  was  im- 
mediately precipitated,  and  after  15  minutes  the  product  was  rendered 
alkaline  with  a  20  per  cent,  solution  of  sodium  hydroxide,  which  trans- 
formed the  oil  into  a  crystalline  paste  in  the  course  of  1  hour.  The 
filtered  substance  was  recrystallised  from  boiling  water,  concentrated 
solutions  depositing  leaflets,  whilst  needles  separated  from  the  diluted 
liquid  ;  the  specimen  for  analysis  was  further  crystallised  from  benzene 
mixed  with  a  small  proportion  of  absolute  alcohol,  being  thus  obtained 
in  felted  masses  of  silky  white  needles  which  retained  the  solvent  with 
such  tenacity  that  until  the  substance  had  been  heated  for  some  time 
at  90°,  the  percentage  of  carbon  was  systematically  higher  than  that 
indicated  by  theory. 

0-1311  gave  0-3016  CO2  and  0-1015  H^O.     0  =  6275;  H  =  8-66. 
0-0990      „     12-0  c.c.  of  nitrogen  at  25°  and  758  mm.     N  =  13-50. 
Ci^HigOgNa  requires  C  =  62-86  ;  H  =  8-57  ;  N  =  13-33  per  cent. 

The  melting  point  is  somewhat  indefinite,  as  the  compound  evolves 
gas,  but  fusion  generally  occurs  at  184°.  although  one  specimen 
crystalli.sed  from  water  melted  at  188°.  It  is  insoluble  in  boiling 
light  petroleum,  but  is  readily  soluble  in  cold  chloroform  and  absolute 
alcohol  ;  warm  ethyl  acetate  also  dissolves  it  readily,  but  less  freely 
than  the  isomeric  carbamide,  whilst  warm  acetone,  in  which  it  dissolves 
withoxit  difficulty,  deposits  it  in  well  formed,  rectangular  plates,  distinct 
from  the  silky  needles  in  which  camphorylcarbamide  is  deposited  by 
the  same  medium.  A  solution  containing  0-4609  gram  in  25  c.c.  of 
absolute  alcohol  gave  a,>  -  30'  in  a  2-dcm.  tube,  whence  [ajo  -  13-5°. 

Camphoryl-i/^-carbamide  does  not  lose  ammonia  when  boiled  with 
40  per  cent,  potassium  hydroxide,  but  it  is  rapidly  changed  by  con- 
centrated sulphuric  acid,  yielding  camphorimidazolone,  which  dissolves 
with  (liHiculty  in  boiling  alcohol,  crystallising  in  lustrous  needles 
infu8il)le  at  300°.  The  most  satisfactory  process  for  obtaining  this 
compound  is  to  dissolve  1  gram  of  the  ^Jsewc?o-carb amide  in  2  c.c.  of 
concenti-ated  acid,  heat  in  steam  during  1  minute,  and  dilute  largely 
with  water  ;  if  the  action  is  protracted,  the  colour  of  the  liquid  changes 
through  palo  red  and  intense  reddish-brown  to  deep  greenish-purple, 
finally  acquiring  the  appearance  of  malachite  green.  These  colour 
transformations  are  associated  with  the  gradual  destruction  of  the 
imidazolono. 

Action  0/  I/ydroxyl,aiidne  Acetate. — Two  grams  of  tho^;se?z(/ocarl)amido 
were  dissolved  in  20  a:,  of  absolute  alcohol  and  heated  with  4  grams 
of  hydroxylamine  liydrochlorido  and  10  grams  of  sodium  acetate  during 
6  hours ;  on  pouring  the  product  into  water,  lustrous  leaflets  were 
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precipitated,  crystallising  from  water  in  transparent,  hexagonal  plates. 
The  oxime  melts  and  decomposes  at  202 — 203°,  and  appears  to  be 
identical  with  the  carbamide  obtained  by  Lapworth  and  Harvey  from 
a-aminocamphoroxime  (Trans.,  1902,  81,  553). 

In  order  to  compare  camphoryl-^-carbamide  with  Rupe's  derivative, 
we  prepared  the  latter  by  dissolving  10  grams  of  a  aminocamphor 
carbonate  in  150  c.c.  of  2  per  cent,  hydrochloric  acid,  and  treating  the 
filtered  liquid  with  10  grams  of  potassium  cyanate ;  the  filtrate 
remained  clear  during  24  hours,  when  long  needles  began  to  separate, 
and  gradually  filled  the  solution.  The  product,  when  completely  dry, 
dissolved  readily  in  cold  benzene,  but  immediately  separated  in  a 
voluminous  mass  of  silky  needles ;  this  behaviour  is  doubtless  due  to 
assimilation  of  benzene  of  crystallisation,  because  the  air-dried  crystals 
require  to  be  exposed  to  a  temperature  of  80°  during  a  considerable 
period  before  the  odour  of  the  hydrocarbon  is  removed.  In  this  respect 
the  normal  carbamide  resembles  the  /iMM(2o-modificatioD,  and  with  the 
exception  ali-eady  mentioned,  the  behaviour  of  the  two  substancea 
towards  solvents  generally  is  exactly  similar.  Moreover,  the  colour- 
changes  undergone  by  a  solution  of  the  carbamide  in  concentrated 
sulphuric  acid  on  heating  are  identical  with  those  i-ecorded  in  connec- 
tion with  the  j:>»et*t/o-carbamide,  and  the  oxime  described  above  is 
obtained  when  the  carbamide  is  heated  with  hydroxylamine  acetate. 
Rupe's  compound  melts  at  IQ9^,  and  a  solution  containing  0*5275  gram 
in  25  c.c.  of  absolute  alcohol  gave  a^  18'  in  a  2-dcm.  tube,  whence 
[a]u+7-P. 

In  describing  the  production  of  this  compound,  Rupe  (Ber.,  1895,  28, 
778)  mentions  the  formation  of  an  oil  when  aminocamphor  hydro- 
chloride dissolved  in  water  is  warmed  with  potassium  cyanate,  and 
states  that  great  difficulty  wa.s  experienced  in  causing  it  to  become 
crystalline.  In  the  light  of  our  experiments,  it  appeared  probable  that 
this  oil  was  a  mixture  of  camphoryl-i/^-carbamide  with  the  normal 
compound,  and  having  found  that  alkali  facilitated  its  solidification, 
we  proceeded  to  examine  the  behaviour  of  Rupe'^s  carbamide  towards 
alkali ;  1  gram  of  the  finely  powdered  substance  was  agitated  with 
10  per  cent,  sodium  hydroxide  during  2  hours,  when  the  product  was 
found  to  consist  of  the  ^eWo-carbamide.  The  converse  change  is 
brought  about  by  dilute  acids,  a  specimen  of  camphoryl-^-carbamide, 
when  left  in  contact  with  dilute  hydrochloric  acid,  and  shaken  at 
intervals  during  several  days,  changing  completely  into  Rupe's 
compound. 
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Camphoryhiitroso-ij/-carbamide,     CgHj^<^  i  ,^    .  ]]>C0. 

Twenty  grams  of  camphoryl-i/^-carbamide  were  suspended  in  1  litre 
of  water,  treated  with  60  c.c.  of  concentrated  hydrochloric  acid  in 
150  c.c.  of  water,  and  cooled  by  the  addition  of  crushed  ice  ;  20  grams 
of  solid  sodium  nitrite  were  then  added  slowly,  the  liquid  being  stirred 
vigorously  during  the  operation.  After  half  an  hour,  the  bulky,  pale 
yellow  precipitate  was  filtered,  washed,  dried  in  the  desiccator,  and 
subsequently  crystallised  from  alcohol,  separating  in  lustrous,  pale 
yellow  needles  ;  when  newly  withdrawn  from  the  mother  liquor,  it 
melts  and  decomposes  at  142°,  but  after  some  days  the  crystals  become 
opaque  and  melt  at  158°. 

0-1433  gave  0-2874  COg  and  0-0960  H2O.     C  =  55-08;  H  =  7-44. 
0-2170     „     33-6  c.c.  of  nitrogen  at  25°  and  760  mm.     N=  1730. 
CuHj^OgNg  requires  C  =  55-23  ;  H  =  7-16  ;  N  =  17*57  per  cent. 

A  solution  containing  0-3138  gram  dissolved  in  25  c.c.  of  chloroform 
gave  tti)  4°  15'  in  a  2-dcm.  tube,  whence  [a]D  + 169-3°. 

The  nitroso-derivative  is  insoluble  in  boiling  light  petroleum,  and 
only  sparingly  soluble  in  benzene,  from  which  it  crystallises  in  silky 
needles ;  chloroform,  ethyl  acetate,  and  acetone  dissolve  it  freely.  It 
gives  the  Liebermann  reaction  with  all  the  stages  well  defined,  and 
does  not  reduce  Fehling's  solution  on  boiling. 

In  preparing  the  compound  by  the  above  process  it  is  of  the 
greatest  importance  to  keep  the  liquid  within  a  few  degrees  of  zero, 
and  to  add  the  nitrite  very  slowly ;  if  these  precautions  are  not 
observed,  nitrogen  is  evolved  briskly,  and  the  product  consists  of 
camphorylcarbimide  (see  below).  It  appears  that  the  tendency  to 
produce  this  substance  is  great,  because  even  the  nitroso-derivative, 
when  freshly  prepared,  and  while  still  wet,  yields  the  carbimide  on 
treatment  with  hot  water ;  for  this  reason  it  is  necessary  to  dry  the 
substance  thoroughly  in  the  desiccator  before  attempting  to  re- 
cryKtallise  it. 

When  the  nitroso-derivative  is  treated  with  cold  concentrated 
aqueous  caustic  potash,  a  very  vigorous  action  occurs,  nitrogen  is 
liberated,  and  an  oil  produced  which  recalls  the  odour  of  geranium  ; 
we  are  still  investigating  this  change,  and  find  that  the  production  of 
an  acidic  substance  free  from  nitrogen  is  accompanied  by  elimination 
of  cyanic  acid.  The  reduction  of  the  compound  has  also  given  interest- 
ing results,  which  we  hope  to  communicate  shortly. 
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Camphwylmelhyl-^-cairhamide,   ^8^u^X/rvii\.MTT^^^' 

Twenty  grams  of  methylaminocamphor  prepared  by  reducing  the 
nitrogen  methyl  ether  of  isonitrosocamphor  with  xinc  and  acetic  acid 
(Forster,  Trans.,  1904,  85,  898)  were  dissolved  in  50  c.c.  of  15  p«r 
cent,  hydrochloric  acid,  and  slowly  treated  with  30  grams  of  potassium 
cyanate  dissolved  in  50  c.c.  of  water  ;  at  first  the  liquid  efferveeoed 
vigorously  and  remained  clear,  but  when  about  half  the  salt  had  been 
added,  a  viscous  oil  separated.  After  an  interval  of  5  minutes,  10  per 
cent,  sodium  hydroxide  was  added,  causing  the  oil  to  solidify  rapidly, 
yielding  a  crystalline  product  which  weighed  20  grama.  The 
compound  is  sparingly  soluble  in  boiling  water,  from  which  it  crystal- 
lises in  lustrous,  prismatic  needles,  or  brilliant  leaflets,  according  to 
the  concentration  ;  it  melts  and  evolves  gas  at  200^. 

01639  gave  03846  CO.^  and  01 360  HjO.     C  =  64-00  ;  H  -  9-22. 
CijHjoOjN^  requires  C  =  64-28;  H-8-99  per  cent. 

A  solution  containing  0*8155  gram  in  25  c.c.  of  absolute  alcohol 
gave  ao  27'  in  a  2-dcm.  tube,  whence  [ajo  +6*9°.  The  compound  is 
very  sparingly  soluble  in  boiling  light  petroleum,  but  dissolves  readily 
in  hot  benzene,  crystallising  in  refractive,  clear  cut  prisms ;  it  is 
moderately  soluble  in  cold  ethyl  acetate  and  acetone,  crystallising  from 
both  in  slender,  prismatic  needles.  Absolute  alcohol  dissolves  it 
readily,  and  the  solution  gives  no  precipitate  with  ammoniacal  silver 
nitrate,  but  on  boiling  the  liquid,  reduction  takes  place  slowly.  The 
methyl-i/^-carbamide  becomes  yellow  when  boiled  with  10  per  cent, 
potassium  hydroxide,  but  ammonia  is  not  evolved ;  on  boiling  with 
Fehling's  solution  it  remains  unchanged.  The  substance  distinguishes 
itself  from  camphoryl-^-carbamide  by  its  indifference  towards  hydroxyl- 
amine  acetate,  and  by  its  failure  to  yield  a  nitroso-derivative. 

Action  of  Sulphuric  Acid.  —  Camphorylmethyl  -  ^  -  carbamide 
dissolves  in  hot  dilute  sulphuric  acid,  and  in  the  cold  con- 
centrated acid  with  slight  rise  of  tempei-ature.  If  the  latter 
solution  is  heated  during  several  minutes  in  boiling  water,  the 
colour  deepens  from  yellow  to  oi-ange,  pale  red,  intense  brownish-red, 
and  finally  rich  purplish-blue,  resembling  at  this  stage  the  colour 
developed  by  ferric  chloride  with  enols.  On  dilution  with  water,  the 
liquid  yields  no  precipitate,  but  develops  a  green  coloration,  sufficiently 
intense  at  the  later  stages  to  recall  malachite  green.  "Wool  is  dyed  in 
a  green  shade  from  this  acid  solution,  but  the  colour  produced  is  not 
permanent  on  washing,  either  with  distilled  or  tap  water ;  the  fibre, 
however,  retains  a  pale  brown   hue,  the  green  colour  being  quickly 
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restored  in  its  original  intensity  by  soaking  in  dilute  mineral  acid,  but 
not  by  acetic  acid.  If  the  deep  green  liquid  is  rendered  alkaline,  a 
pale  brown  solution  is  formed,  in  which  acids  develop  the  green  colour  ; 
the  chromophore  is  therefore  amphoteric,  and  it  is  not  extracted  by 
ether  from  its  solutions  in  acids  and  alkalis. 

This  description  of  camphorylmethyl-i/^-carbamide  distinguishes  the 
substance  from  the  carbamide  derivative  prepared  by  Duden  and 
Pritzkow  {Ber.,  1899,  32,  1542)  ;  these  authors  give  no  details  relating 
to  their  method  of  preparation,  but  by  the  action  of  potassium  cyanate 
on  the  hydrochloride  of  methylaminocamphor  under  the  conditions 
favourable  to  the  production  of  Rupe's  camphorylcarbamide  from 
aminocamphor,  we  have  obtained  the  compound  described  by  Duden 
and  Pritzkow.  Twenty  grams  of  methylaminocamphor  dissolved  in 
300  c.c.  of  2  per  cent,  hydrochloric  acid  were  treated  with  25  grams  of 
potassium  cyanate  in  50  c.c.  of  water  ;  after  half  an  hour,  the  filtered 
liquid  began  to  deposit  colourless  crystals,  the  product,  after  12  hours, 
weighing  17*5  grams.  It  crystallises  from  benzene  in  needles  which 
retain  the  solvent  with  great  tenacity,  and,  if  previously  heated  for 
some  time  at  80°  to  remove  benzene  of  crystallisation,  it  melts  at  189°, 
evolving  gas  (Duden  and  Pritzkow  give  185°).  A  solution  containing 
0'4823  gram  in  25  c.c.  of  chloroform  gave  a^  -  58'  in  a  2-dcm.  tube, 
whence  [ajo  -  20-0°. 

The  two  isomerides  thus  revealed  behave  alike  towards  ammoniacal 
silver  nitrate  and  Fehling's  solutions,  and  a  very  close  examination  is 
required  to  disclose  differences  in  their  solubility  relations.  Moreover, 
camphorylmethylcarbamide  resembles  thejoseWo-modification  in  its  in- 
difference towards  nitrous  acid  and  by  its  failure  to  yield  an  oxime  ;  the 
changes  occurring  in  the  colour  of  a  solution  in  concentrated  sulphuric 
acid  correspond  exactly  with  those  displayed  by  the  isomeride. 

It  has  been  mentioned  that  dilute  sodium  hydroxide  transforms  the 
camphorylcarbamide  described  by  Rupe  into  the  isomeric  substance 
prepared  by  us,  and  we  find  that  the  two  camphorylmethylcarbamides 
are  related  in  the  same  fashion.  One  gram  of  Duden  and  Pritzkow's 
carbamide  (m.  p.  189°)  was  suspended  in  10  per  cent,  sodium  hydr- 
oxide, and  shaken  from  time  to  time  during  4  days  ;  the  product  was 
then  filtered,  washed,  and  recrystallised  from  benzene,  when  it  melted 
at  200°. 

CH*N*C*0 

Camp/iori/lcarbimide  (Camphoryl  \mCy(maie),  C/gHj^<^i         *    *    . 

Twenty-five  grams  of  Rape's  camphorylcarbamido  were  treated  with 
nitrous  acid  under  the  conditions  described  for  the  preparation  of 
cnniphorylnitroso-i/'Cftrbamide  ;  brisk  evolution  of  nitrogen  took  place, 
and  addition  of  nitrite  was  continued  until  nitric  oxide  was  liberated. 
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a  white  precipitate  separating  graduallj.  After  an  interval,  this  was 
filtered,  washed,  and  dried  in  the  desiccator.  Some  difficulty  wa« 
experienced  in  purifying  the  compound,  because  it  is  very  freely 
soluble  in  organic  media,  and  very  sensitive  to  the  action  of  water. 
Bornylcarbimide  can  be  distilled  in  steam  without  undergoing  con- 
version into  dibornylcarbamide  to  an  extent  greater  than  10  per  cent., 
but  camphorylcaibimide,  although  readily  volatile,  changes  quickly 
into  dicamphorylcarbamide  when  treated  with  boiling  water.  More- 
over, when  the  substance  is  warmed  with  alcohol,  a  very  vigorous 
action  takes  place,  but  by  dissolving  it  in  cold  absolute  alcohol,  dilut- 
ing this  with  water,  and  filtering  without  delay  the  csvystals  which 
separate  during  the  next  few  minutes,  the  c-arbiuiidu  mav  \tei  obtained 
in  silky,  white  needles  melting  at  77°. 

01 782  gave  04458  CX^^  and  0-1255  H^O.     C -68-22;  H-7-B7. 
OjjHijOjN  requires  0-6839  ;  H  -  777  per  cent. 

A  solution  containing  04745  gram  in  25  c.c.  of  chloroform  gave 
Ob  -  4°5r  in  a  2-dcm.  tube,  whence  [ajo  -  124  5'*. 

The  carbimido  may  be  obtained  also  by  warming  freshly  prepared 
moist  camphorylnitroso-^-carbamide  with  water,  and  even  direct  from 
the  ^0u</o-carbamide  by  the  action  of  nitrous  acid  if  the  operation  is 
conducted  without  a  liberal  supply  of  ice.  An  attempt  to  prepare  a 
nitroso-derivative  of  the  oxime  obtainable  from  the  isomeric  camphoryl- 
carbamides  also  gave  rise  to  the  carbimide.  The  oxime  suspended 
in  dilute  hydrochloric  acid  was  cooled  with  ice,  and  treated  with  its 
own  weight  of  solid  nitrite,  which  immediately  developed  a  bright 
blue  coloration  ;  t  his  is  doubtless  due  to  an  unstable  nitroso-derivative, 
because  the  filtrate  from  camphorylcarbimide  quickly  became  turbid, 
lost  its  colour,  and  deposited  a  further  quantity  of  the  uocyanate, 
which  is  easily  recognised  by  the  intense,  stupefying  odour  perceptible 
on  warming  the  substance  with  water. 

Camphorylcarbimide  reacts  most  vigorously  with  organic  bases, 
usually  forming  well-defined  carbamides  ;  in  the  case  of  aniline  and 
phenylhydrazine,  however,  although  action  undoubtedly  occurs,  we 
have  not  succeeded  in  isolating  a  crystalline  product. 


&-Camphorylpip«ridylcarhamide,  C50<C]i^x^.p^**T,    .  y 

Piperidine  (1  mol.)  diluted  with  benzene  was  added  to  a  solution  of 
camphorylcarbimide  in  the  same  solvent,  when  heat  was  developed, 
and  crystals  began  to  separate  almost  immediately.  After  2  days  the 
product  was  drained,  recrystallised  from  dilute  alcohol,  and  then  from 
benzene,    which    deposited    lustrous,   transparent    needles,   exceeding 

K  2 
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2  cm.  in  length ;  when  freshly  withdrawn  from  the  mother  liquor, 
these  melted  at  181°,  but  after  exposure  to  air  during  24  hours  they 
became  opaque,  and  melted  at  186°. 

0-1438  gave  0-3642  COg  and  0-1230  HgO.     C  =  69-08  ;  H  =  9-50. 
CjgHjgO^Ng  requires  0  =  69*05  ;  H  =  9-35  per  cent. 

A  solution  containing  04000  gram  in  25  c.c.  of  chloroform  gave 
tto  1°17'  in  a  2-dcm.  tube,  whence  [aj^  40-1°.  The  compound  is  in- 
soluble in  boiling  water,  and  sparingly  soluble  in  boiling  light  petroleum, 
but  it  dissolves  readily  in  alcohol,  acetone,  ethyl  acetate,  chloroform, 
and  hot  benzene. 

s-Camphorylhornylcwrhamide,  CO<C]>jtt .  0^*^x1^ '^o- 

Bornylamine  (1  mol.)  dissolved  in  benzene  was  added  to  camphoryl- 
carbimide  in  the  same  solvent.  Considerable  development  of  heat 
occurred,  but  no  crystals  separated  until  light  petroleum  was  added, 
precipitating  minute,  colourless  granules.  On  redissolving  in  benzene, 
and  adding  petroleum  until  the  liquid  became  turbid,  lustrous,  white 
needles  separated  slowly.  The  derivative  melts  and  decomposes  at 
305°. 

0-1457  gave  0-3880  COg  and  0-1318  HgO.     0  =  7262;  H  =  10-05. 
O21H34O2N2  requires  0  =  72-83 ;  H  =  9-83  per  cent. 

A  solution  containing  0-2987  gram  dissolved  in  25  c.c.  of  chloroform 
gave  ttij  41',  whence  [ajo  =28*6°.  The  carbamide  is  slightly  soluble 
in  boiling  light  petroleum,  but  the  crystals  which  separate  are  in- 
definite; it  dissolves  readily  in  benzene,  ethyl  acetate,  alcohol,  and 
hot  acetone,  crystallising  from  the  last  named  in  aggregates  of 
prismatic  needles. 

%-Dicamphorylcarhamidet  C0(NH'C]()TIjr,O)2. 

Camphorylcarbimide  was  suspended  in  water  and  heated  in  a  reflux 
apparatus  until  the  penetrating  odour  characteristic  of  the  substance 
was  no  longer  perceptible ;  the  product  was  filtered,  and  crystallised 
from  dilute  alcohol,  which  deposited  aggregates  of  lustrous  needles 
melting  at  261°. 

0-1157  gave  0-2952  CO._j  and  00924  \l,f>.     0  =  69-54  ;  H  =  8-87. 
CjjIIgjOgN^  requires  0  =  70-00  ;  H  -  8-88  per  cent. 

A  Holution  containing  05020  gram  dissolved  in  25  c.c.  of  chloroform 
gave  at,  1°32'  in  a  2-dcra.  tube,  whence  [a]c,  =38-2°.  It  is  insoluble 
in   boiling   water,  and  sparingly  .soluble  in   boiling  light  petroleum. 
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from  which  it  crystallises  in  silky  needles  on  oooling ;  acetone,  ethyl 
acetate,  alcohol,  and  chloroform  dissolve  it  freely,  whilst  benzene  dis- 
solves it  readily  when  hot,  a  felted  mass  of  needles  being  deposited  on 
cooling. 

Methyl  CamphorylcarhantaU  {Camphorjflmetkjflureihaite)^ 

Five  grams  of  camphorylcarbimide  were  dissolved  in  20  c.c.  of  pure 
methyl  alcohol,  and  allowed  to  remain  several  weeks  in  the  desiccator ; 
as  the  alcohol  evaporated,  a  transparent,  gummy  syrup  was  deposited, 
in  which  a  few  small  needles  were  embedded.  On  dissolving  this  pro> 
duct  in  alcohol,  and  adding  water  until  the  solution  became  turbid, 
dicamphorylcarbamide  was  precipitated,  but  the  hltrate  yielded  slender 
white  needles  of  the  methylurethane,  which  melts  at  108^  after  reerys- 
tallisation  from  petroleum. 

0-2040  gave  04779  CO,  and  0-1666  HjO.     C  -  63  89  ;  H  -  8-53. 
CijHjyOaN  requires  C  -  6400 ;"  H  =  844  per  cent. 

A  solution  containing  0*2636  gram  dissolved  in  25  c.c.  of  chloroform 
gave  ttu  55'  in  a  2-dcm.  tube,  whence  [a],,  43-5"'. 


Ethyl  Camphoryloarbamate,  ^^^^^yjxi^^ 


The  ethylurethane,  prepared  as  in  the  case  of  the  foregoing  sub- 
stance, separated  from  the  dilute  alcoholic  filtrate  in  large,  transparent 
prisms  melting  at  88°. 

01714  gave  0-4102  CO2  and  01413  HjO.     C  =  65-27;  H  =  918. 
CjaHjjOaN  requires  0  =  6527  ;  H  =  8-78  per  cent. 

A  solution  containing  0*5262  gram  in  25  c.c.  of  chloroform  gave 
tti)  1°38'  in  a  2-dcm.  tube,  whence  [a]u  =38-3°.  Both  urethanes  are 
readily  soluble  in  organic  media,  excepting  light  petroleum,  and  dis- 
play a  marked  tendency  to  remain  superfused. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


122   PATTERSON  AND  TAYLOR  :  INFLUENCE  OF  SOLVENTS  ON  THE 


XVII. — The  Influence  of  Solvents  on  the  Rotation  of 
Optically  Active  Compounds.  Part  VII.  Solution- 
volume  and  Rotation  of  Menthol  and  Menthyl 
Tartrates. 

By  Thomas  Stewart  Patterson  and  Francis  Taylor,  B.Sc. 

In  a  recent  paper  (this  vol.,  p.  33)  we  have  described  the  preparation 
of  Z-menthyi  c?-tartrate  and  its  diacetyl  derivative,  and  have  given  an 
account  of  the  optical  behaviour  of  these  substances  as  well  as  of 
menthol.  It  seemed  worth  while  to  examine  them  in  solution  also  in 
order  to  ascertain  whether  a  relationship  between  solution-volume  and 
rotation  similar  to  that  which  has  been  shown  to  exist  in  the  case  of 
ethyl  tartrate  (Patterson,  Trans.,  1901,  79,  191,  484  ;  1902,  81,  1107  ; 
1904,  85,  1153)  could  be  traced.  The  present  communication  records 
the  results  obtained  for  ethyl  alcohol,  benzene,  and  nitrobenzene. 

Two  or  three  solutions  were  made  up  in  each  case  and  their  rota- 
tions and  densities  determined  at  several  temperatures. 

The  influence  of  temperature-change  on  the  rotation  of  the  dissolved 
substance  is  given  directly  by  the  experimental  figures,  which  are 
collected  at  the  end  of  the  paper,  whilst  by  interpolation  :  (1)  the 
molecular  rotation  at  20°,  (2)  the  molecular-solution-volume  at 
20°  of  the  dissolved  substance  for  each  concentration  examined  may 
be  deduced,  and  from  these  in  turn  (3)  an  approximate  value  of 
the  molecular  rotation  at  20°  at  infinite  dilution,  and  (4)  an  analogous 
value  for  the  molecular-solution- volume  may  be  obtained. 

These  interpolated  data  are  reproduced  below,  the  constants  for  the 
respective  homogeneous  substances  being  given  in  the  tables,  so  that 
the  influence  of  concentration-change  may  be  examined  in  each  case. 

The  figures  for  the  pei-centage  composition  of  the  solutions  have 
been  rounded  o£E  in  the  text. 

Menthol. — The  molecular  rotation  of  fused  menthol,  which  has  o 
value  of  about  -  77  22°  at  20°,  increases  slightly  with  rise  of  tempera- 
ture to  reach  a  maximum  of  -  77  94°  at  58*5°,  and  then  diminishes 
again  to  -  77  24"  at  100°. 


Menthol  in  Ethyl 

Alcohol 

p» 

[Mlf. 

Volume  «'°. 

0-0 

1-6 

8-8 

100-0 

-77-70" 
77-69 
77-69 
77-22 

172  8  C.C. 
172-8    „ 
172-6     „ 
173-26  „ 
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Solution  in  alcohol  has  little  effect  on  the  rotation  of  menthol,  but 
a  slight  increase  is  produced.  In  agreement  with  this,  there  is  only  a 
small  change  in  volume ;  a  contraction  of  096  c.c  corresponds 
with  an  increase  of  0*48°  in  molecular  rotation. 

Tlie  figures  on  p.  130  show  that  in  both  the  solutions  examined 
there  is,  with  rise  of  temperature  from  10°  to  50°,  a  slight  but  distinct 
increase  of  rotation  amounting  to  about  03'^.  The  behaviour  is 
therefore  in  this  respect  similar  to  that  of  the  homogeneous  substance. 

Mentftol  in  Benaene. 


f. 

[Mur. 

Volume  ••. 

0  0 

-70-4* 

179-84  6.a 

1-46 

70-6 

17»«        M 

7-50 

71-8 

178-0     „ 

100  0 

77 -ia 

178^  „ 

From  these  data,  it  appears  that  whilst  the  rotation  of  solutions  of 
menthol  in  benzene  diminishes  with  increasing  dilution,  the  volume  of 
the  dissolved  substance  increases.  The  behaviour  is  thus  the  opposite 
in  both  respects  to  that  found  for  alcoholic  solutions.  A  diminution 
in  rotation  of  6*82°  corresponds  with  an  increase  of  volume  of 
6-58  c.c. 

In  both  solutions  examined,  the  rotation  is  practically  insensitive  to 
temperature-change. 

Menthol  in  Nitrobenzene. 


p- 

[M]r. 

Volume  •" 

0-0 

-rs-eo" 

176  5  C.C 

1-6 

73-60 

176-5    „ 

2  1 

73-40 

176-0    „ 

6-7 

73  35 

176-7    „ 

80-5 

73-70 

1746    „ 

100  0 

77-22 

178-26  „ 

Nitrobenzene  as  a  solvent  has,  like  benzene,  the  general  effect  of 
lowering  the  rotation  of  menthol.  The  depression,  however,  is  not 
directly  proportional  to  the  concentration,  since  a  minimum  rotation  of 

—  73*28°  apparently  occurs  about  />=  10.  Further  dilution  below  this 
concentration  brings  about  a  slight  increase  in  rotation  to  the  value 

-  73-6°  at  infinite  dilution.  The  total  change  in  rotation  in  passing 
from  the  homogeneous  substance  to  infinite  dilution  is  thus  3*62°  and  is 
accompanied,  again  as  in  benzene,  by  an  increase  in  volume  of 
3-24  c.c. 

Whereas,  however,  the  rotations  of  alcoholic  solutions  increase  with 
rise  of  temperature  and  those  of  benzene  solutions  are  constant,  the 
rotations  of  nitrobenzene  solutions  diminish  fairly  rapidly,  a  behaviour 
which  is  thus  opposed  also  to  that  of  fused  menthol. 
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So  far,  therefore,  as  volume -change  and  rotation-change  due  to 
solution  are  concerned,  the  behaviour  of  menthol  in  these  three  solvents 
is  consistent  and  tends  strongly  to  support  the  suggestion  that  the 
two  phenomena  are  closely  related  to  each  other.  In  the  following 
table,  the  values  of  these  changes  are  contrasted. 

Rotation-  and  Volume-change  of  Menthol. 

Total  rotation-change  Total  volume-change 

Solvent.                   due  to  solution.  due  to  solution. 

Ethyl  alcohol -f0-48°  -0-96  c.c. 

Nitrobenzene  -3-62  -i-3-24   ,, 

Benzene   -6-82  4-6-58   ,, 

A  contraction  of  0"96  c.c.  in  the  menthol  molecule  on  solution  in 
alcohol  produces  an  increase  of  rotation  of  0*48° ;  an  expansion  of 
3*24  c.c.  on  solution  in  nitrobenzene  is  accompanied  by  a  diminution 
in  rotation  of  3'62°  whilst  the  greater  expansion  of  6"58  c.c.  in  benzene 
is  accompanied  by  the  greater  diminution  in  rotation  of  6 '82°,  a  rela- 
tionship which  is  almost  linear. 

\-Menthyl  di- Tartrate. — The  molecular  rotation  of  the  homogeneous 
compound  varies  fairly  rapidly  with  temperature,  having  the  values 
-  288°  at  0°,  -  284°  at  20°,  and  -  264-5°  at  100°' 

\-Menthyl  di- Tartrate  in  Ethyl  Alcohol. 


p- 

[M]f. 

Volume  "' 

0  0 

-306-7° 

395-0  c.c 

1-22 

306-2 

395-8     „ 

6-7 

306-1 

397-7    „ 

7-9 

304-2 

898-3     „ 

100-0 

284-0 

402-0     „ 

The  relationship  between  rotation-  and  solution-volume  is  in  this 
instance  of  a  similar  character  to  that  observed  for  menthol  in  alcohol, 
but  the  changes  are  considerably  greater.  The  rotation  increases  by 
22-7°,  whilst  the  volume  diminishes  by  7  c.c.  The  influence  of 
temperature-change  on  the  substance  in  solution  is  much  the  same  as 
on  the  homogeneous  ester. 

\-Menthyl  d-Tfirtrate  in  Benzene. 


p- 

[MJ'f. 

Volume  2«». 

0  0 

-296-6' 

407-0 

c.c. 

1*64 

296-1 

406-6 

7-42 

292-7 

409-5 

100-0 

284-0 

402-0 

* 
>> 

*  A*  thi«  MbitAnca  i»  very  vUcid,  its  density  could  not  he  determined  directly  at 
low  tcinpemturM,  and  hod  tlinreforo  to  bo  found  hy  extrapolation  through  nearly 
100^    T)ie  value  for  the  molecular  volume  is  theroforo  liable  to  uoino  error. 
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Benzene  as  a  solvent  brings  about  an  increase  in  the  rotation  of 
menthyl  tartrate,  but  this  increase  is  accompanied  by  a  slight  expan- 
sion of  the  molecule,  instead  of  a  contraction  a^  might  be  expected 
from  the  preceding  rebultn.  The  increase  of  rotation  amounts  to  12*5° 
and  the  expansion  to  about  5  c.c,  but  this -last  number,  owing  to  there 
being  a  considerable  discrepancy  between  the  two  experimental  values 
for  molecular-solution-volume  (406*6  and  409*5  c.c),  is  somewhat 
uncertain. 

The  rotation  of  the  ester  diminishes  with  riM  of  temperature 
in  this  solvent  aUo,  which  is  the  same  as  for  the  homogeneous 
compound. 

\Menthyl  A-Tartrate  in  yitrobemeHA. 


2>' 

IMJf. 

VolanM  **. 

0-0 

-245  0" 

408-8  c.e. 

1-42 

246  3 

408  8     „ 

6  49 

246-3 

408-2    „ 

)0  0 

284  0 

402H)     „ 

Solution  in  nitrobenzene  causes  a  considerable  diminution,  39°, 
in  the  rotation  of  menthyl  tartrate,  wliilst  at  the  same  time  an 
expansion  of  about  6*8  c.c.  takes  place  in  the  molecule. 

It  is  noticeable  also  that  whilst  in  alcohol  and  benzene  the  rotation 
of  menthyl  tartrate  diminishes  with  rise  of  temperature,  it  increases  in 
nitrobenzene.  In  a  solution  of  jt)  =  6*9,  this  increase  amounts  to  about 
3°  between  10°  and  60°. 

Comparing  now  these  rotation-  and  volume-changes,  the  following 
table  is  obtained  :  » 

Rotation-  and  Volume-change  of  \-Menthyl  d-Tartrate. 

Total  rotatiou-chauge  Total  rolume-clumge 
Solvent.  due  to  solution.        due  to  solution. 

Ethyl  alcohol  -f-22-7"  -7  0  c.c. 

Benzene -hl2"5  -(-5'0    ,, 

Nitrobenzene    •  -390  +68    ,, 

The  numbers  for  alcohol  and  nitrobenzene,  it  will  be  seen,  are  con- 
sistent ;  a  contraction  of  7  c.c.  in  the  former  solvent  is  attended  by  an 
increase  in  rotation  of  22*7°,  whilst  in  the  latter  an  expansion  of 
6"8  c.c.  accompanies  a  diminution  of  39°  in  rotation.  Benzene,  how- 
ever, although  in  both  respects  intermediate  between  the  other  two 
solvents,  is  not  in  close  agreement.  Judging  by  the  rotation-change,  a 
contraction  of  between  3  and  4  c.c.  would  have  been  expected  instead  of 
the  expansion  actually  found. 

\-Menthyl    Diacetyl-d-tartrate. — The    rotation   of    the   homogeneous 

*  See  note  on  page  124. 
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ester  diminishes  fairly  rapidly  on  heating.     It  has  the  value  -  268"7'^ 
at  0°,  -  256-5°  at  20°,  and  -  227-5°  at  100°. 


\-Menthyl  Diacetyl-d-tartrate  in  Ethyl  Alcohol. 


p- 

[MJ^. 

Volume  ^. 

0-0 

-268-5° 

478-0  c.c. 

1-8 

268-8 

478-7    „ 

7-3 

267-7 

480-0     „ 

»o-o 

256-5 

486-6     „ 

Solution  in  alcohol  thus  causes  an  increase  of  12°  in  the  rotation  of 
menthyl  diacetyltartrate,  whilst  at  the  same  time  a  contraction  of 
8-6  c.c.  occurs  in  the  molecule. 

The  rotation  diminishes  fairly  rapidly  with  rise  of  temperature. 

l-Menthyl  Biacetyl-d-tartrate  in  Benzene. 

p.  [M]f .  Volume  20'. 

0-0  -286-5°  481-6  c.c. 

1-5  286-0  481-8     „ 

7-8  284-2  482-5     „ 

100-0  256-5  486-6     „* 

A  considerable  increase  in  rotation,  30°,  takes  place  in  this  case 
also.  Corresponding  with  it,  however,  there  is  only  a  small  volume- 
change  of  5  c.c. 

The  rotation  diminishes  with  rise  of  temperature,  much  as  in  the 
fu^d  ester. 

\-Menthyl  Diacetyl-d-tartrate  in  Nitrobenzene. 


p- 

[M]f. 

Volume  20' 

0-0 

-239  0° 

483-5  C.C. 

1-53 

238-5 

484-0    „ 

6-27 

237-8 

488  0     „ 

100-0 

256'5 

486-6     „ 

Nitrobenzene  as  a  solvent,  unlike  benzene  and  alcohol,  causes  a  con- 
siderable diminution,  of  17-5°,  in  the  rotation  of  menthyl  diacetyl- 
tartrate. There  is,  however,  only  a  very  slight  volume  change,  and 
the  alxjvo  numbers  are  scarcely  sufficient  to  enable  one  to  decide 
definitely  whether  this  change  is  an  expansion  or  contraction.  On  the 
one  hand,  the  value  for  the  molecular  volume,  486-6  c.c,  in  somewhat 
imcertain,  whilst  on  the  other,  since  the  value  found  for  the  volume  in 
1*53  per  cent,  solution  is  greater  than  that  in  6*27  per  cent,  solution, 

*  Thia  value  if  also  somewhat  uncertain,  because  the  deusity  used  in  its  calou- 
lation  was  obtained  by  extrapolation  through  a  considerable  range  of  temperature. 
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the  value  at  infinite  dilution  may  perhaps  be  greater  than  483*5  c.c. 
It  is,  therefore,  only  certain  that  the  volume-change  in  very  smalL 

The  rotation  in  this  case  also  diminisheii  on  heating,  much  as  in  the 
homogeneous  ester.  It  may  be  noticed,  too,  that  a  concentration  of 
minimum  rotation  possibly  exists  at  about  />  *■  10. 

On  comparing  the  values  of  the  rotation-  and  volume-changes  for 
menthyl  diacetyltartrate,  we  obtain  the  following  table  : 

Rotation-  and  Volume-c/tang«  of  \-M«Htkyl  DiaoUyl-HL-UnrUrml*. 

Total  rotation  change     Total  volume  change 
Solvaut  dae  to  aolution.  due  to  aolutioB. 

Alcohol +120"'  -8-4  e.e. 

Benrene -f-30-0  t  -5'0  „ 

Nitrobenzene -17"5  -S'l  ,, 

In  this  instance,  whilst  the  rotation  changes  are  fairly  large,  the 
volume-changes  are  small,  and  the  relationship  between  the  variables 
is  not  so  satisfactory  as  in  the  other  two  cases.  Thus,  although  the 
molecular  contraction  in  benzene  is  less  than  in  alcohol,  the  rotational 
change  is  greater,  and  although  the  diminution  in  rotation  doe  to 
solution  in  nitrobenzene  ought,  judging  by  amilogy,  to  be  accompanied 
by  an  expansion  of  the  molecule,  very  little  change,  and  that 
apparently  a  contraction,  occurs,  but,  as  has  already  been  mentioned, 
the  volume-change  in  the  la^t  case  is  rather  uncertain. 

We  consider  that,  on  the  whole,  these  results  help  to  confirm  the 
suggestion  that  rotation  in  solution  and  moleculai'-solution-volumo  are 
closely  related  phenomena.  For  menthol,  the  facts  are  in  complete 
agreement  with  theory.  With  menthyl  tartrate,  the  results  for 
alcohol  and  nitrobenzene  are  in  close  agreement,  although  the 
relationship  between  the  two  variables  in  benzene  is  anomalous. 
Difiiculties  are  met  with  for  menthyl  diacetyltartrate  also,  but 
here,  as  has  been  pointed  out,  although  in  alcohol  and  benzene  the 
relationship  is  not  a  quantitative  one,  it  is  in  agreement  with  theory, 
in  so  far  as,  in  both  cases,  contraction  brings  about  increased  rotation. 
Thus,  out  of  the  nine  examples  studied,  contraction  produces  increased 
rotation  in  four  instances,  expansion  causes  diminished  rotation  in 
three  instances,  contraction  accompanies  diminished  rotation  in  one 
case,  whilst  expansion  accompanies  increased  rotation  in  another. 
Thus,  out  of  nine  observations,  seven  are  in  accord  with  the  theory,  and 
of  the  two  exceptions  one  at  least  is  somewhat  doubtful. 

Attention  may  be  directed  to  two  further  points  illustrated  by  the 
data  obtained  in  this  investigation.  In  the  table  below,  numbers  are 
given  showing  the  sensitiveness  of  the  rotations  of  the  active  com- 
pounds examined,  to  change  of  volume. 
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Variation  of 

rotation  due 

Total 

Total 

to  1  per 

variation  of 

variation  of 

Molecular 

cent,  volume- 

Substance. 

rotation. 

volume. 

volume. 

change. 

Menthol 

7-3° 

7'54  c.c. 

173-3  C.C. 

1-7° 

Z-Menthyl  d-tartrate    

61-7 

13-8     ,, 

402-0   „ 

18-0 

?-Menthyl  diacetyl-rf- tartrate 

47-5 

5-5     „ 

486-6   „ 

42-0 

An  example  will  show  how  these  numbers  are  obtained.  Solution 
in  alcohol  increases  the  rotation  of  menthyl  tartrate  by  22*7°,  whilst 
benzene  diminishes  the  rotation  by  39°.  The  total  range  is  therefore 
61-7°.  Similarly,  the  total  range  of  volume  is  13-8  c.c,  the  molecular 
volume  being  402  c.c.  A  contraction  of  1  per  cent.,  that  is,  of  4*02  c.c, 
occasions  a  rotation  change  of  18°.  From  the  last  column  in  the  table, 
it  will  be  seen  that  the  sensitiveness  increases  greatly  with  increase 
in  the  size  of  the  molecule.  The  larger  the  molecule,  the  greater  is 
the  effect  produced  on  its  rotation  by  a  given  percentage  volume 
change. 

In  conclusion,  the  following  table  gives  a  survey  of  the  rotation 
values  obtained : 

[M]f. 


At  infinite  dilution  in 


Alcohol. 

Benzene. 

Nitrobenzene 

-777° 

-  70-4° 

-73-6° 

3067 

296-5 

245-0 

268-5 

286-5 

239-0 

Homogeneous. 

Menthol -77-22° 

i-Menthyl  d-tartrate     284-0 

Z>Menthyl  diacetyl-d- tartrate        256-5 

The  numbers  show  that  the  relationship  amongst  the  rotation  values 
for  a  given  set  of  related  active  compounds  is  not  constant,  even  when 
all  are  subjected  to  what  one  might  expect  to  be  similar  conditions. 
Thus,  the  ratio  of  the  above  numbers  for  alcohol  is  different  from  that 
for  the  homogeneous  condition,  whilst  both  in  turn  differ  from  the 
ratios  obtained  in  benzene  and  nitrobenzene. 

It  is  thus  clear  that  any  comparison  of  rotation  data  which  have 
been  determined  in  different  solvents  is  apt  to  be  very  misleading,  and 
that  even  data  determined  under  the  same  conditions,  as  in  the  present 
investigation,  have  only  a  special,  and  but  little  general,  value.  The 
results  hitherto  obtained,  however,  seem  to  indicate  that  for  any  given 
active  substance  it  may  bo  possible  to  obtain  an  expression  connecting 
the  rotation  in  solution  with  that  in  the  homogeneous  condition  by 
taking  the  volume-change  into  account. 

Thus  we  have  for  menthol,  from  some  of  the  results  described  in 
thiM  paper  (p.   124),  the  expression  : 

[M]     (HOlri.)    =    [M]    (hornog.)    +    0'1)7°  (/v, 
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where  dv  is  the  change  of  volume  for  a  particular  solvent  and  0*97°  * 
is  the  average  increase  in  rotation  for  unit  alteration  in  volume.  From 
this  formula,  we  obtain  the  following  numbers  : 

[M]^  solution 


Solvent.                            dv.  Calculated.  Found. 

Alcohol    -0-96C.C.  -781'  -77-7* 

Benzene    +658   ,,  708  704 

Nitrobenzene   +3'24   ,,  741  73d 

The  calculated  and  experimental  values  are  thus  in  fair  agreement, 
and,  although  expressions  giving  equally  good  results  cannot  be 
established  for  the  other  compounds  examined,  we  hope  that  future 
investigation  will  result  in  the  explanation  of  existing  anomalies  and 
the  discovery  of  further  regularities. 


EXPBBIMBNTAL   DaTA. 

Menthol  in  Bemene. 
p  =  1  -45555.     Density  of  benxene  =  08789 18  at  20P/i° 


t. 

a^  (400  mnu). 

Density. 

t<- 

[MIC. 

91" 

-  2-348'' 

0-8914 

-4515" 

-70-43' 

17  0 

2-301 

08819 

44-83 

69-93 

23  0 

2-323 

08755 

45-57 

71-09 

32-6 

2-287 

0-8653 

45-39 

7081 

Densities  Determined : 

Temperature   17-96'  20°  25-07°  80-5° 

Density    088092        0  878752*    087336  0-8676 

*  The  values  marked  thns  have  been  obtained  by  interpolation  from  the  other 

data  given. 


p  =  ' 

r-49708. 

t. 

a^  (400  mra. ). 

Density. 

[< 

[M]',. 

7-r 

-12-339° 

0-8916 

-46-15° 

-71-99" 

17-6 

12-124 

0-8811 

45  89 

71-59 

28-0 

11-931 

0-8709 

45  69 

71-28 

34-2  11-9-26  0-8646  4599  71-73 

Densities  Determined: 

Temperature   17  45°  20'  25-7°  32  05'" 

Density    .*..       0-88130        0  878719  •    087295        0-86682 

*  This  value  is  obtained  by  dividing  the  total  range  of  rotation  (7*3°)  by  the  total 
change  of  volume  (7-54  e.c). 
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Menthol  in  Ethyl  Alcohol, 
p  =  1  -5749.     Density  of  alcohol  =  0790801  at  2074°. 


t. 

12  0° 

190 

27-9 


oj(400  ram.). 

-2-500° 
2-490 
2-470 


Density. 

0-7992 
0-7932 
0-7856 


-49-66° 
49-83 
49-91 


-77-47° 
77-74 
77-86 


Densities  Determined. 


Tempeiature   18-15° 

Density    0-79397 


20° 
0-792386 


23-87° 
0-78908 


29-06° 
0-78460 


8-26794. 

t. 

12-0° 

17-6 

18-1 

29-7 

41-6 

46-9 


a^  (400  mm.). 

-13-243° 
13-167 
13-173 
13-065 
12-985 
1-2-888 


Density. 

0-8058 
0-8011 
0-8006 
0-7909 
0-7807 
0  7762 


[<■ 
-49-69° 
49-70 
49-78 
49-95 
50-29 
50-21 


-77-51° 
77-53 
77-66 
77-92 
78-46 
78-33 


Densities  Determined : 

Temperature  ...         18-32°  20°  23-71°        29-47°        35-17° 

Density   080049      0799072*0-79595      079104      0-78617 


Menthol  in  Nitrobenzene, 
p  =  1  -4539.     Density  of  nitrobenzene  =  1  -20353  at  2074°. 


t. 

fc^  (400  mm.). 

Density. 

w:^ 

[M]J:. 

22-6° 

-8-272° 

11947 

-47-09° 

-73-46' 

32-9 

3-223 

1-1839 

46-80 

73-00 

Densities  Determined : 


'r<iiii)<ijitiin'    19-25° 

Density    1-19796 


20" 
1-197-23 


/)  =  2-06718. 


t. 

24-0 
80  0 


fcj  (400  mm.). 

-4-728" 
4-696 
4-472 


28-93° 
1-1885 


43-2° 
1-1745 


DenNity. 

1  -2063 
1-1909 
1-1760 


[<• 

-47-68' 

46-89 

46-21 


-74-30° 
73-14 
72-08 
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Denntiet  Determined: 


Ternj)€rature    . 
Density    

19-6°              20°              31-7° 
1-19152          1-19474  •     118324 

41 -r 

1-17352 

6-6542. 

< 

(400  mm.). 

Density.               [a]^. 

[M):. 

9-8° 
25-3 
46-4 
67-2 

78-7 

-14-950° 
14-532 
14180 
13-790 
13  607 

11855             -47  37° 
1-1706                46  63 
1-1503                46-29 
1-1301                 4584 
11198                45-65 

-  73-89' 
72-74 
72-21 
71-51 
71-2-2 

Densities  Determined: 

Tempeiature    . 
Density    

17-05°              90*              24-4-2" 
1-17858        1-17573  •      117142 

47-15' 
11495 

30-4894. 

^-          < 

(100  mm.). 

Density.                [a]^. 

[Ml^. 

19  V 
22  7 
25-3 
29-7 

-15-715° 
15-60 
15-52 
15-42 

10892             -47-80° 
10869                47-10 
10834                 46-98 
1-0795                46-84 

-73-78» 
73  47 
78  28 
78-06 

Densities  Determined: 

Temjierature  .. 
Density 

19-6° 
...       l-088f 

20°            31  -6° 
!       1-08848*    10777 

41-2° 
1-0690 

54-r 

1-0571 

VMenthyl  ^-Tartrate  in  Ethyl  Alcohol. 
;)  =  1  -21 1 9.     Density  of  alcohol  =  0-790801  at  20°/4°. 

t.  a{;(400mm.).        Density.  W;.  [M]^. 

12-0°  -2-836°  0-8001  -73  10°  -311-4° 

22-5  2-741  0-7911  7148  304-5 


Densities  Determined 


Tt-niperature    17-74° 

Density    0795300 


^  =  6-69547. 


t. 

12-8° 

14-9 

25-5 

-28-1 

34-1 

36-4 

62-7 


^(400  mm.). 

-15-730° 
15-682 
15-285 
15-210 
15-030 
14-962 
14-150 


Densitj'. 

0-8110 
0-8094 
0-8002 
0-7980 
0-7927 
0-7907 
0-7679 


20° 
0-793348 


72-42° 

72-34 

71  34 

71-18 

70-80 

70-65 

68-80 


26  33° 
0  787913 


[Mi:- 
-308-5° 
308-2 
303-9 
303-2 
301-6 
301-0 
293  1 
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Densities  Determined , 


Temperature    17'64° 

Density    , 0-806938 


20° 
0-804914 


26-46° 
0-799372 


42-24'' 
0-785674 


jo  =  7-92984.     Density  of  alcohol  =  0-792198  at  2074°. 


t. 

9-7° 
19-1 
26-0 
33-9 


0^(400  mm.). 

-18-743° 

18-367 

18-097 

17-77 


Density. 
0-8176 
0-8098 
0-8037 
0-7969 


-72-26° 
71-50 
70-98 
70-30 


-307-8° 
304-5 
302-3 
299-5 


Densities  Determined : 

Temperature    19-75°  20°  30-38°  41-6° 

Density    0-80904        0-808828*     0*79992        0-79008 


\-Menthyl  A-Tartrate  in  Benzene. 
j9  =  1-63747.     Density  of  benzene  =  0-87869  at  2074°. 


t. 

a^  (400  mm.). 

Density 

10-5° 

-4-085° 

0-8910 

14-0 

4-055 

0-8873 

16-1 

4-039 

0-8850 

27-5 

3-952 

0-8733 

29-0 

3-938 

0-8715 

70-00° 

69-79 

69-71 

69-10 

69-01 


-298-2° 
297-3 
297-0 
294-4 
294  0 


Densities  Determined , 


Temperature    19-82° 

Density    0-88121 


20° 
0-881017 


;?  =  7-41659. 


21 -r 

0-87285 


t. 

9-4° 
17-8 
25-8 
83-3 
37-2 


o^  (400  mm.). 
-18-552° 
18-227 
17-858 
17-687 
17-425 


Density. 
0-8992 
0-8915 
0-8828 
0-8753 
0-8718 


69-53° 

68-92 

68-17 

67-90 

67-41 


39-75° 
0-86004 


-296-2° 
293-6 
290-4 
289-2 

287-2 


Densities  Determined: 

Tomporaturo   IS'l"  20'  26  05°  30-4° 

DoMRity    0-89087       0-88893  •       0-88*242        087831 


l-Alenlliyl.  d-2'artrate  in  Nitrobenzene. 
p^l •42536.     Density  of  nitrobenzene  =  1  ■  20363  at  2074°. 


t. 

oj(400  mm,). 

Donaity. 

i<- 

[M]^. 

167* 

-  3-946° 

1  -2040 

-  57-46" 

-  '244  -8 

28-4 

3 -982 

1-1927 

57-82 

246 -:t 

86-2 

3-023 

1-1850 

68-06 

247-3 
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Densities  Determiiitd . 


Temperature    18-51° 

Density    120234 


20*  27-6'  48-r 

1-:>00(>S*     119345        1-17809 


j9  =  6-48726. 

t. 

ajl  (4t0  mui. 

).         Density. 

[•K- 

[MJC- 

10-r 

18-4 
211 
61-9 
56  9 

-17-970' 
17-905 
17-875 
17-667 
17-682 

1-2014 
1-1935 
1  -1908 
1-1609 
1-1560 

-87«5* 
57-81 
57  84 
58-28 
6841 

-•245-6' 
246  2 

-24.5  1 

Densities  Determined: 

Teinjierature 
Density    

19  8*              20* 
119236       119168^ 

30 -SS' 

'      118176 

50^' 
1-16-248 

VMentliyl  Di(tcetyl-dt(trtrat»   in   Ethyl  Alcohol, 
p  =  1  -7888.     Density  of  alcohol  =  0  790801  at  20°/4° 


t. 

01^  (400  mm. ). 

Density. 

[< 

[Mii;. 

18-7' 

-3007' 

0-7955 

-52-83' 

-269  4* 

21  6 

2  983 

0-7930 

52-57 

268  1 

29-6 

2-920 

0  7862 

5191 

264  7 

41-3 

2-840 

0-7759 

51  16 

-260  9 

Densities  Deter inineil .- 


Teniper.itiu-e 

17-72' 

•20' 

2 

4-78' 

40 -er 

Density    .... 

0-79642        0-794465  *     0  79037 

0-77647 

7-264U4. 

t. 

a^  (400  mm 

.).         Density. 

w:- 

[itK- 

13-0° 

-12-487° 

0-8117 

-52-94' 

-270  0° 

17-4 

12  369 

0  8080 

52-68 

268-7 

23  9 

12175 

0-8024 

52-22 

266-3 

40-2 

11-684 

0-7883 

51-01 

260-1 

Densities  Determined. 


Temperature    16-63° 

Density    0-808676 


■20° 
0-805775 


30-69° 
0-796572 
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58-80° 

-299-9° 

56-87 

290-0 

54-94 

280-2 

52 -31 

266-8 
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\-Menthyl  Diacetyl-d-tartrat  e  in  Benzene, 
p  =  1  -49569.     Density  of  benzene  =  0  878822  at  2074°. 

t.  a^;  (400  mm.).         Density.  [a]«J.  [M]^. 

7-5°  -3-148°  0-8947 

160  3013  0-8854 

■  26-0  2-875  0-8747 

41-2  2-687  0-8582 

Densities  Determined : 

Temperature    ...  226°  20°  33-46°  408° 

Density    0-87827       0  881057*     0-86676         0-8588 

j9  =  7-80199. 

t.  o';  (400  mm.).         Density.  [a]^.  [M]^. 

80°  -16-385°  0-9032  -58-12°  -296-4° 

17-9  15-640  0-8930  56-10  286-1 

35-0  14  522  0-8749  53-20  2713 

Densities  Determined : 

Temperature    20°  20  23°  29  05°  43° 

Density    0-8.'0537  *     0-890276        0-881188       0-86651 

\-Menthyl  Diacetyl-d-tartrate  in  Nitrobenzene. 

p  =  1-52859.     Density  of  nitrobenzene  =  1-20353  at  2074°. 

t.  0^(400  mm.).        Density.  [aK  [M]«°. 


9-9° 

-3-487° 

1  2106 

-4712° 

-240-3° 

17-0 

3-447 

1  2038 

46-85 

238-9 

27-5 

3  390 

1-1935 

46-46 

236-9 

49-9 

3-270 

1-1721 

45-62 

232-6 

Densitits  Determined: 

Tfjmpcnituro    19-28°              20°              30'45°  392° 

Density    1-20163        1-20092*      1-19074  1-18202 

;>- 6-26591. 

t.            a;;  (400  mm.).         Density.               [a]'J.  [M]^;. 

17-0°            -14-000°               1-1960             -46-69°  -238-1° 

82-7                 13-783                1-1809                46-39  236-6 

447                 13-490                11693                46-02  234  7 

61-0                13  140                1-1035                45-44  -231-7 


D&naities  Determined : 

'iiMiiiHjiuliirB    '20*  20-5"  32  12  45-77° 

DouHity     119307  *     119259        1-18184  110815 
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XVIII. — A  Further   Analogy   between    the  Asi/mmetric 
Nitrogen  and  Carbon  Atonut. 

By  HuMPHBEY  Owen  Jones. 

The  phenomena  brought  to  light  by  the  recent  iuvestigations  on  the 
stereoisomerism  of  quinquevalent  nitrogen  compounds  axe  remarkable 
and  perplexing  on  account  of  their  apparently  contradictory  nature. 
The  existence  of  isomerism  in  compounds  oi  the  type  Na.b.c.d,X, 
hitherto  established  definitely  by  Wedekind  for  one  compound  only, 
the  non-existence  of  isomerides  of  the  type  Na^b.c.X,  and  the 
existence  of  isomerides  of  the  type  Na,b.X,  observed  by  Kipping 
only  when  the  radicles  b  and  X  both  contain  an  asymmetric 
carbon  atom,  and  even  then  only  in  certain  cases,  are  facts  which  are 
extremely  difficult  to  reconcile  with  one  another,  and  have  rendered 
necessary  new  assumptions  as  to  the  structure  and  the  mode  of  forma- 
tion of  these  compounds  (compare  Kipping,  IVans.,  1903,  83,  937, 
1149 ;  Jones,  Ti-ans.,  1903,  83,  1404,  and  B.A.  Report,  1904). 

In  these  circumstances,  any  further  definite  information  as  to  the 
behaviour  of  these  compounds,  and  particularly  as  to  the  similarity 
or  difference  between  their  behaviour  and  that  of  compounds  contain- 
ing an  asymmetric  carbon  atom,  is  of  importance. 

The  analogy  between  asymmetric  carbon  and  nitrogen  compounds,  so 
far  as  optical  activity  is  concerned,  has  now  been  established  for  a 
number  of  compounds  which  contain  the  phenyl,  benzyl,  and  methyl 
groups  with  a  variable  fourth  radicle  ;  thus,  the  allyl  compound  has 
been  resolved  (Pope  and  Peachey,  Trans.,  1899,  75,  1127),  also 
the  ethyl  (Jones,  Trans.,  1904,  85,  223),  the  tsopropyl  and  woamyl 
(Thomas  and  Jones,  Proc.  Camb.  Phil.  Soc,  1904,  13,  33),  and  the 
propyl  compound  (Wedekind,  private  communication). 

It  was  therefore  considered  of  interest  to  try  to  establish  a  further 
analogy  between  the  asymmetric  carbon  and  nitrogen  atoms  as  regards 
their  behaviour  during  the  synthesis  of  asymmetric  compounds.  It 
was  to  be  expected,  if  the  analogy  was  valid  in  this  case,  that,  when  a 
tertiary  amine  in  which  one  of  the  groups  contained  an  asymmetric 
carbon  atom  combined  with  an  alkyl  iodide  so  as  to  make  the  nitrogen 
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atom  asymmetric,  unequal  quantities  of  the  two  possible  isomerides 
would  be  produced,  which,  not  being  enantiomorphously  related,  might 
be  separated  by  ordinary  processes.  If  the  tertiary  amine  were  in- 
active, then  four  compounds  should  be  formed,  which  would  be 
enantiomorphously  related  in  pairs,  and  would  probably  combine  to 
form  two  externally  compensated  inactive  compounds  separable  by 
ordinary  means. 

The  two  compounds  which  could  be  produced  from  an  active  amine 
might  be  conventionally  represented  by  plane  projections  of  the  space 
formulae,  thus  : 

a   b   c  aha 

W/  \l/ 

c  0 

I  and  I  , 
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and  would  bear  to  one  another  a  relation  similar  to  that  of  the  a-  and 
yS-glucoheptonic  acids  or  the  two  ayS-dihydroxybutyric  acids. 

This  expectation  has  been  realised,  and  it  has  been  definitely  estab- 
lished that  two  compounds  are  produced  when  an  active  tertiary  amine 
combines  with  an  alkyl  iodide  to  form  an  asymmetric  nitrogen  com- 
pound so  that  the  analogy  with  carbon  is  valid.  The  two  compounds 
produced  are  called  respectively  a-  and  /8-compounds,  the  a-compound 
being  that  which  has  a  rotation  of  the  same  sign  as  the  amine.  There 
is  possibly  some  risk  of  confusion  arising,  since  Wedekind  has  called 
the  two  phenylbenzylmethylallylammonium  compounds  a-  and  /?-,  but 
it  was  thought  that  the  following  considerations  justified  the  course 
adopted  ;  the  risk  of  confusion  is  small,  a-  and  )8-  best  indicate  the 
nature  of  the  isomerism  in  question,  and  the  analogy  between  this 
case  and  that  of  the  addition  of  hydrocyanic  acid  to  the  sugars  is  very 
close. 

Extending  the  analogy  between  carbon  and  nitrogen  atoms  still 
further,  it  was  to  be  expected  that  when  two  asymmetric  nitrogen 
atoms  are  simultaneously  produced,  four  compounds  would  be  formed 
which  would  combine  in  pairs,  or,  if  the  two  nitrogen  atoms  were  the 
same,  then  three  compounds  should  be  produced,  as  in  the  case  of 
tartaric  acid.  This  case  has  been  examined  by  Wedekind  {Ber.,  1903, 
36,  1165,  3796),  the  compound  used  being  ethyl  ethylone-bistetra- 
hydrowofjuiiiolinium-2  acetate  iodide,  but  the  compounds,  if  formed, 
could  not  be  separated. 

The  amino  used  was  mothyl-(f-ainylanilino,  whic^h  was  dextrorotatory 
([oJd— 11  06").  This  was  combined  with  nu^thyl,  allyl,  and  benzyl 
iodides. 
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The  compound  with  methyl  iodide  is  practically  inactive,  thus  show- 
ing that  the  effect  of  the  carbon  atom  is  very  small,  and  supporting 
the  conclusion  that  nitrogen  compounds  of  the  type  Na^b.c.X  cannot 
be  optically  active. 

The  compounds  with  allyl  and  benzyl  iodides  are  dextrorotatory,  the 
strength  of  the  rotation  depends  on  the  conditions  of  formation, 
changes  on  recrystallisation,  and  in  chloroform  solution  the  rotation 
changes  and  finally  becomes  constant,  corre.s{xjiiding  to  a  state  of 
equilibrium  between  the  isomerides. 

In  the  case  of  the  allyl  compound,  the  less  soluble  compound  can  be 
isolated  by  crystalli.sation.  in  the  case  of  the  benzyl  compound, 
separation  cannot  be  effected  in  this  way,  as  there  is  only  a  slight 
difference  of  solubility  and,  what  is  still  more  importaxtt,  the  two 
compounds  are  easily  transformed  one  into  the  other  by  dissociation 
into  tertiary  amine  and  benzyl  iodide  followed  by  recombination. 

The  separation  lias  been  effected  by  means  of  the  camphursulphon- 
ates,  which  are  more  stable  and  show  greater  differences  in  properties. 

The  following  observations  on  the  benzyl  compounds  show  conclu- 
sively that  two  compounds  are  produced  which  are  not  enautio- 
morphously  related  to  one  another. 

(1)  The  rotatory  power  of  the  salt  depends  on  the  solvent  in  which 
it  is  produced. 

(2)  The  ^-camphorsulphonate  of  the  a-base  and  the  (/-oamphorsulphon- 
ate  of  the  yS-base  differ  in  their  melting  point,  crystalline  form,  and 
rotatory  powers,  and  are  therefore  not  enantiomorphously  related. 

(3)  The  a-  and  ^-iodides  have  different  melting  points  and  solubilities 
(in  alcohol). 

(4)  Solutions  of  the  a-iodide  (dextroi-otatory)  and  the  /3-iodide  (laevo- 
rotatory)  in  chloroform  undergo  a  rapid  change  in  rotatory  power, 
until  finally  both  liave  the  same  slight  dextrorotation,  [a],,  =  2 '8°. 
This  corresponds  to  a  change  of  one  isomeride  into  the  other  by  dis- 
sociation into  benzyl  iodide  and  tertiary  amine  (compare  auto-race- 
misation  of  active  compounds,  Trans.,  1901,  70,  828;  1904,  86,  229), 
until  equilibrium  is  set  up  with  a  definite  ratio  between  the  concentra- 
tions of  the  a-  and  )8-compounds.  These  facts  can  be  accounted  for 
only  by  supposing  that  two  compounds  exist  which  are  not  optical 
antimers.  The  formation  of  two  such  compounds  can  be  explained 
on  either  of  the  two  views  already  expressed  by  Kipping  and  the  author 
as  to  the  mode  of  formation  of  these  quinquevalent  compounds. 

A  preliminary  note  on  this  work  was  published  in  May  last  {Proc. 
Camh.  Phil.  Soc,  1904,  12,  466) ;  since  that  time  a  paper  by  Scholtz 
appeared  (Ber.,  1904,  37,  3627),  in  which  similar  results  obtained  with 
coninium  derivatives  are  described.  In  the  four  cases  examined,  it 
has  been  shown  that,  when  the  nitrogen  atom  in  ci-coniine  is  made 
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asymmetric,  two  different  compounds  were  produced  which  were  separ- 
ated by  fractional  crystallisation. 

The  general  relations  between  the  a-  and  yS-compounds  (the  a-com- 
pound  is  the  one  with  the  lower  melting  point)  are  similar  to  those 
herein  described,  but  with  this  important  distinction,  to  which  Scholtz 
has  drawn  attention,  that  the  a-  and  y8-coninium  derivatives  are  more 
stable  and  cannot  be  transformed  into  one  another ;  even  although 
three  of  the  compounds  contain  the  benzyl  group  they  appear  to 
remain  unchanged  iu  chloroform  solution. 

\-Amyl  bromide  was  prepared  by  the  action  of  270  grams  of  phos- 
phorus tribromide  on  264  grams  of  ^-amyl  alcohol  ([a]o°-5'6°). 

The  phosphorus  bromide  was  dropped  slowly  into  the  alcohol,  the 
mixture  allowed  to  stand,  then  warmed,  and  afterwards  washed 
repeatedly,  first  with  water,  then  dilute  sodium  carbonate  solution,  and 
finally  several  times  with  concentrated  sulphuric  acid  to  remove 
amyl  alcohol.  The  bromide  is  a  colourless  liquid  boiling  at 
120— 120-57760  mm.  ;  an  in  a  1-dcm.  tube  at  15°  was  -l-4-56°and  d,t  = 
1-224,  hence  [a]D  +  3-8°.  Le  Bel  {Bull.  Soc.  chim.,  1876,  25,505) 
gives  the  boiling  point  as  117 — 119°,  d  =  1*225,  and  a^  in  1-dcm.  tube 
at  15°  =  4-24°. 

Methyl-X-amylanUine. — Methylaniline  and  /-amyl  bromide  were 
respectively  mixtd  in  the  proportion  of  two  molecules  to  one,  and 
heated  for  about  six  hours  on  a  water-bath  ;  on  standing,  a  mass  of  long, 
prismatic  crystals  separated  out.  These  were  filtered  off,  and  after 
recrystallising  from  ethyl  acetate  were  found  to  melt  at  97 — 98°  and 
to  be  methylaniline  hydrobromide. 

The  oil  was  fractionated,  in  some  cases  under  reduced  pressure  and 
in  others  under  the  ordinary  pressure  with  a  dephlegmator.  It  was 
found  that  the  fractionation  under  the  ordinary  pressure  effected  a 
complete  separation  of  the  base  more  rapidly  than  fractionation  under 
reduced  pressure ;  the  oil  was  finally  distilled  once  under  reduced 
pressure. 

The  tertiary  amine  is  a  colourless  oil  boiling  at  131 — 132°  under 
1.6  mm.  and  at  244 — 245°  under  764  mm.  pressure. 

01097  gave  0-3260  COj  and  01 125  H^O.     C  =  810;  H-11-4. 
0-2120     „     0-6325COj    „    02110  H^O.     C  =  81-36 ;  H-IIO. 
0-1650     „     11-2  CO.  nitrogen  ♦  at  15°  and  744  mm.     N  =  8-25. 
CjjHipN  (177)  requires  C- 81 -35;  H  =  10-7;  N  =  795  per  cent. 

The  density  of  the  amine  was  found  to  be  <.  9220  at  15°  as  a  mean 
of  several  concordant  doterminations  made  on  different  preparations ;  od 
iu  a  1-dcm.  tubo  at  15°  was  found  to  be  +102°  in  the  same  way,  hence 

•  Tho  cAUMlic  potaitli  Holution  over  wliich  tho  nitrogen  wns  collected  contained 
oDfl  p«rt  of  KOH  in  two  jmrtH  of  water. 
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[a]l?'=1106°   and  [M]d-19-8°.      The  refractive  index  at   15°  was 

determined  for  S')diiim  light,  and  for  the  red  and  blue  lines  (a  and  y) 

of  the  hydi'ogen  spectrum. 

Molecular 
refractive  iwwer,  Calcolated 

Refractive  ft*-  1  M  from  atotuie 

Liglit.  iuilex.  >*'  +  2  d '  refractive  powers. 

Na 1-5313  59-4  — 

RedH    1-5462  60-8  69-02 

BlueH  1-5268  69-0  5759 

An  attempt  was  made  to  prepare  salts  of  this  amine  and,  if  possible, 
to  confirm  the  above  constants  with  the  amine  recovered  from  the  pure 
salt.  Unfortunately,  none  of  the  salts  examined  was  found  to  be 
suitable  for  this  pxirpose.  The  hydrochloride  can  be  obtained  crystal' 
line  and  melts  at  138°,  but  does  not  recrystallise  well  frum  any  of  the 
ordinary  solvents.  The  tartrates  and  the  camphorates  decompose  when 
recrystallised,  as  also  does  the  platinichloride.  The  d-  and  /-camphor- 
sulphonates  and  the  rf-broniocamphorsulphonat«  were  not  obtained  in  a 
crystalline  state. 

The  rotatory  power  of  a  solution  of  the  amine  in  a  slight  excess  of 
hydrochloric  acid  was  determined  and  it  was  found  that  [o]i,  =■  H'S**, 
hence  [M]d  =  26-3°.  A  solution  of  the  amine  with  the  calculated 
quantity  of  <i-camphorsulphonic  acid  and  a  trace  of  hydrochloriu  acid 
was  found  to  give  [o]y  (for  the  rf-camphoi-sulphonate)  =  22  2^ 

Hence  [M]d  =  90-4°  and  [M]d  for  the  basic  ion  =  38-7^. 

This  result  suggests  the  conclusion  that  in  the  formation  of  the 
camphorsulphonate  a  larger  quantity  of  one  of  the  two  possible  com- 
pounds is  formed  than  of  the  other. 


Combinatt'on  of  t/ie  Tertiary  Amine  with  Alkyl  Iodides. 

Phenyldimethyl-\-amylammoninm  loiiide. — A  mixture  of  the  tertiary 
amine  and  methyl  io^lide  in  molecular  quantities  deposited  a  gummy 
mass  which  became  partly  crystalline  on  standing,  or  in  some  cases 
deposited  crystals  in  the  fii-st  instance.  Combination  took  place  to 
the  extent  of  about  30  per  cent,  in  seven  days.  The  solid  was 
dissolved  in  alcohol,  in  which  it  is  very  soluble,  and  allowed  to  stand  > 
large,  colourless  crystals  were  deposited  which  melted  sharply  at 
146 — 147°  without  apparent  decomposition.  A  solution  containing 
1*748  grams  in  25  c.c.  alcohol  gave  a  rotation  of  not  more  than  001° 
in  a  2-dcm.  tube. 

The  effect  of  the  asymmetric  carbon  atom  seems  to  be  almost 
negligible  in  this  salt,  and  the  nitrogen  appears  to  have  no  rotatory 
power.     This  supports  the  conclusion   previously  arrived   at  (Trans., 
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1903,  83,  1420),  that  compounds  of  the  type  Nagb.c.X  do  not  exist  in 
optically  active  forms.  Scholtz  {he.  cit.)  found  that  only  one  dibenzyl- 
coniuium  iodide  was  produced. 

Phenylrnethylallyl-l-amylammonium  Iodides. 

A  mixture  of  the  tertiary  amine  and  allyl  iodide  in  molecular 
proportions  soon  sets  to  a  mass  of  crystals  held  together  by  a  little 
gummy  matter;  the  crystals  melt  at  123 — 129°.  A  similar  mixture 
plus  a  little  alcohol  deposited  no  solid  on  standing ;  on  the  addition  of 
ether,  a  crystalline  precipitate  was  produced  which  melted  at  134 — 136°. 
A  determination  of  the  rotatory  power  of  the  crude  salt  in  alcoholic 
solution  gave  the  following  result  : 

0-901  gram  in  25  c.c.  gave  a^  +  0-12°  in  a  2-dcm.  tube;  [ajo^  1-66°. 

On  examination  under  a  microscope,  the  salt  is  seen  to  be  a  mixture 
of  two  different  kinds  of  crystals,  one  being  long,  thin  prisms  often 
aggregated  into  sheaves,  the  other  very  small,  thick  prisms  which 
are  more  soluble  in  alcohol  than  the  longer  prisms.  The  salt  deposited 
from  alcoholic  solution  consists  chiefly  of  the  long  prisms  and  the 
melting  point  rises  on  recrystallisation  until  it  becomes  constant  at 
156 — 157°  ;  the  dextrorotatory  power  increases  at  the  same  time.  This 
is  therefore  the  a-salt. 

The  determinations  of  the  rotatory  power  were  made  both  in  alcohol 
and  in  chloroform,  but  chiefly  the  latter,  in  which  the  salt  is  much  more 
soluble  and  the  rotatory  power  is  also  much  greater. 

A  determination  of  the  rotatory  power  in  alcohol  gave  the  following 
result : 

0'859  gram  in  25  c.c.   gave  a„  =  0*98'^  in    a  2-dcm.    tube,    hence 

[a]„=14"3°.     The  specific  rotatory  power  of  the  recrystallised  salt  in 

chloroform  is  about  21*8°  and  gradually  falls  very  slowly  until  it 
reaches  a  constant  value  of  31°. 

The  following  example  is  typical  : 

0*861  grams  in  25  c.c.  gave  aD  =  1'5°  in  a  2-dcm.  tube. 

After  24  hours,  a„  =  1  -31".  After  1 20  hours,  ai,  =  0-45°. 

„     72       „     a»  =  0-84°.  „       00       „      au-0-22°. 

[o]„- 21 -78°  (initial) ;  [a]  =  3  1°  (final). 

The  change  of  rotatory  power  which  takes  place  in  this  case  is  very 
probably  due  to  the  change  of  one  of  the  two  possible  compounds  (a) 
into  the  otbor  {ft)  until  (.'({uilibrium  is  attained,  the  change  taking 
place  by  dlKSociution  into  the  tertiary  amino  and  allyl  iodide  and 
subsequent  recombination,  just  as  in  the  auto-raconiisation  of  the  active 
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compound8  observed  by  Pope  and  Harvey  (Trans.,  1901, 70, 830)  and  by 
the  writer  (Trans.,  1904,  85,  229).  In  these  cues,  the  salt  split  into 
amine  and  benzyl  iodide  and  the  cliange  took  place  much  more  rapidly. 
The  velocity  of  the  transformation  in  this  case  is  roughly  about  one- 
tifth  that  of  the  active  phenylbenzylmethylallylummonium  iodide  as 
determined  by  the  author,  and  about  one- thirtieth  that  of  the  cor- 
responding benzyl  compound  to  be  described  later. 

0-2715  gave  05 175  CO,  and  01 702  HjO.     C-51-9;  H-6-96. 
CjjHj^NI  requires  C  — 52  1  ;  H^G'ftS  per  cent. 

The  more  soluble  y3-compound  could  not  be  isolated  in  a  pure 
state  as  it  is  rather  soluble  in  alcohol  and  tends  to  become  coloured 
owing  to  the  accumulation  of  small  amounts  of  decomposition 
products. 

However,  a  solution  of  0*5  gram  in  25  o.c.  alcohol,  decolorised  as  far 
as  possible  by  means  of  sulphur  dioxide,  was  found  to  be  Iworotatory 
to  the  extent  of  about  01°  in  a  I'-dcm.  tube,  so  that  [a]y  =■  -  '2'b°. 

Phtiiylhenzylmethyl-Vainyhiininoiiiuiii  Iodides. 

A  mixture  of  the  amine  and  benzyl  iodide  in  molecular  proportions 

sets  very  rapidly  to  a  crystalline  mass.  It  was  found  that  a  better 
result  was  obtained  by  adding  some  solvent,  when  good  crystals  of  the 
iodide  were  deposited. 

Various  solvents  were  used,  and  the  rotatory  power  of  the  iodide 
deposited  from  nxixtui-es  of  equal  concentration  in  the  same  time  was 
found  to  vary.  The  results  of  the  numerous  experiments  made  are 
summarised  below  ;  the  rotatory  power  of  the  crude  salt  was  taken  in 
solution  in  chloroform. 

In  each  case,  2"18  grams  of  benzyl  iodide  and  1'77  grams  of  amine 
were  made  up  to  6  c.c.  with  solvent. 

Melting  point  of 
Solveut.  salt.  [a]o 

Alcohol    113—115='  4-0 

Ether  118—121  35 

Ethyl  acetate 118—121  3*9 

Chloroform 114—117  129 

It  was  found  that  in  all  cases  the  rotatory  power  of  the  salt 
deposited  depended  very  much  on  the  quantity  which  had  been 
deposited.  The  following  selected  results  for  alcohol  serve  to 
illustrate  this  effect. 

Weight  of  salt  formed 20         1-0         0-8         0*5  grams 

[a]o 40='       6-3°       7-0°       8-9= 
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These  results  account  for  the  phenomena  observed  in  a  magnetic 
field  (Proc.  Camh.  Phil.  Soc,  he.  ciL,  468).  In  these  estperiments, 
the  determination  of  the  quantity  of  the  deposit  was  at  first  over- 
looked ;  in  the  same  magnet,  it  diminished  with  increasing  strength  of 
the  field  chiefly  on  account  of  a  small  rise  in  temperature ;  when 
different  magnets  were  used,  and  the  temperature  carefully  regulated, 
the  difference  in  [ajo  of  the  salt  was  traced  to  the  difference  in  the 
quantity  of  salt  formed.  With  magnetic  fields  up  to  20,000  units? 
there  appears  to  be  no  effect  on  the  relative  quantities  of  the  two 
compounds  produced. 

On  recrystallisation  of  this  iodide  from  warm  or  hot  alcohol,  the 
melting  point  gradually  rises  to  141 — 142°,  while  the  rotatory  power 
alters  but  little. 

In  alcohol,  0'149  gram  in  10*048  grams  solution  gave  ax)  =  0'12° 
in  a  2-dcm.  tube;  jo  =  l-48,  d  =  0-8W,  hence  [a]D  =  6-0°. 

In  chloroform;  0-387  gram  in  21 '103  grams  solution  gave  aj)  =  0'35° 
in  a  2-dcm.  tube;  p=^l'84:,  d=l'48,  hence  [a]D  =  6'45°. 

0*334  gram  in  16*562  grams  solution  gave  0^  =  0*38  in  a  2-dcm.  tube; 
p  =  202,  d  =  1-4:8,  hence  [a]D  =  6*42°. 

The  rotation  of  all  the  solutions  in  chloroform  fell  rapidly  until  a 
constant  rotation  was  reached  of  [a]D  +  2*8°.  It  is  clearly  not  possible 
to  separate  the  a-  and  ;8-isomerides  in  this  way  ;  the  difficulty  arises 
from  the  small  difference  in  the  solubility  of  the  two  compounds,  and 
the  ease  with  which  they  undergo  mutual  transformation  in  solution. 

There  is  a  greater  difference  between  the  two  corresponding  cam- 
phorsulphonates,  and  these  were  therefore  prepared  and  purified. 

Unfortunately,  neither  the  d-  nor  ^-camphorsulphonates  correspond- 
ing to  both  a-  and  ;3-iodides  could  be  ^prepared  and  purified,  but  the 
cZ-camphorsulphonate  of  the  /^-compound  and  the  ^-camphorsulphonate 
of  the  a-compoiind  could  be  isolated  by  fractional  crystallisation. 

The  iodide  purified  as  [already  described  was  converted  into  the 
camphorsulphonate  in  the  usual  way  by  boiling  a  mixtui'e  of  the  iodide 
and  silver  d-  or  /-camphorsulphonate  with  acetone  or  ethyl  acetate. 

fi-PftenylbenzylmethylA-amylammonium  ^-Camphorsulphonate. 

The  d-camphorsulphonate  was  recrystallised  repeatedly  from  acetone 
until  its  melting  point  became  constant.  The  rotatory  power  gradually 
f«ll  until  eventually  the  ac^uoous  solution  was  found  to  be  very  slightly 
laevorotatory  ;  a  4*5  per  cent,  solution  had  aj,  in  2-dcm.  tube  =  -  0*02°. 
Hence  the  basic  ion  appears  to  have  [M]i,  =  -52°  approximately. 

The  cZ-caniphorHulphouate  crystallises  in  long,  white  prisms,  which, 
on  heating,  begin  to  turn  blue  at  130°  and  melt  to  a  blue  liquid  at 
150—152". 


ASYMMETRIC   NITROGEN   AND   CARBON   ATOMS.  143 

Analysis  indicates  that  the  salt  crystalUseti  with  a  molecule  of 
acetone  of  crystallisation. 

0-U70  gave  03718  CO^  and  0-1096  H,0.     0  =  688;  H  =  8-30. 
0-1966     „     0-4961  CO^    „    01510  H,0.     C -68-8 ;  H  =  8-55. 
CgyH^iNSO^,Cj,H«0  requires  C  =  68-9  ;  H  -  8-44  per  cent. 
C^gH^jN-SO^  requires  C-6»-7  ;  H-8-24  per  eeai. 

pp/ienylbenzylineUii/l-l-amyiammiammm  ioditU  wu  pradpitftted  from 
the  aqueous  solution  of  the  <j  camphorsulphouate  bj  the  addition  of 
jKttassium  iodide  solution. 

The  crude  iodi<ie  melts  at  130 — 131°,  and  after  crystallising  from  cold 
alcohol,  at  131 — 132^,  it  therefore  melts  at  a  lower  temperature  thiui 
the  mixture.  The  rotatory  {x>wor  was  determined  in  alcohol  and  in 
chloroform. 

In  alcohol,  0169  gram  in  9*240 grams  of  solution  gave  oq^  -0*47° 
in  a  2-dcm.  tube;  />-l-831,  d  =  0-8I4,  hence  [0]^,-  -15-8*'. 

In  chloroform,  0*217  gram  in  17-696  grams  of  solution  gave  a|>«" 
-  0  68°  in  a  2-dcm.  tube;  />-l-22,  rf  =  1  480,  hence  [a]^-  -18-8°. 

The  rotatory  power  of  this  solution  fell  off  rapidly ;  after  4  hours,  a^  « 
-018",  and  after  48  hours  au= +0  10°,  corresponding  to  [o]u" 
+  2  78°,  a  value  identical  with  the  tinal  value  obtained  for  the  chloro- 
form solutions  of  the  iodide  puri6ed  by  recrystallisation  from  alcohol. 

The  solubility  of  thi.s  iodide  in  alcohol  at  15°  was  found  to  be  2*1 
grams  in  100  grams  of  alcohol. 

Heating  in  alcoholic  solution  caused  the  rotatory  power  to  fall  off, 
and  the  iodide  deposited  eventually  gave  [a]i,  about  7^  in  chloroform 
solution. 

Both  the  chloroform  solution  and  the  hot  alcoholic  solutions  smell 
strongly  of  benzyl  iodide,  so  that  the  change  which  occurs  in  both 
cases  must  be  due  to  dissociation  into  the  tertiary  amine  and  benzyl 
iodide,  with  subsequent  combination  to  form  both  a-  and  )3-compounds, 
and,  as  previously  stated,  this  change  takes  place  much  more  rapidly 
than  the  racemisation  of  the  two  active  compounds,  which  also  contain 
the  benzyl  radicle. 

Analysis  of  the  ^S-iodide  gave  the  following  result : 

01435  gave  0-3030  CO^  and  0*0871  Ufi.     C  =  67  56  ;  H  =  6*72. 
Ci^Hj^NI  requires  C  =  57*7  ;  H  =  658  per  cent. 

a-P}ienyU>enzylinethyl-\-amylammoniwn  Vcamphorsu^plionate  was  pre- 
pared froui  the  iodide  recovered  from  the  more  soluble  part  of  the 
rf-camphorsulphonate,  and  which  had  [a]i,  in  chloroform  =»  12^,  and  was 
recrystallised  several  times  from  a  mixture  of  acetone  and  light 
petroleum,  and  then  finally  from  ethyl  acetate  or  acetone  alone  until 
the  melting  point  became  constant.     This  salt   differs  in  appearance 
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and  properties  from  the  (Z-camphorsulphonate  described  above  ;  it  crys- 
tallises iu  feathery  prisms  melting  sharply  at  161 — 161  "5°. 

The  salt,  which  is  at  first  Isevorotatory,  becomes  eventually  strongly 
dextrorotatory. 

0"182  gram  in  12"157  gram  of  solution  gave  aD=  +148°  ina  2  dcm. 
tube  ;  hence  j9=  1-5,  f^^  1-002,  [a]D  =  49-4°,  and  [M]d  =  247° 

The  value  of  [M]d  for  the  basic  ion  is  therefore  about  299°.  This 
high  value  agrees  with  that  obtained  for  the  corresponding  iscamyl 
compound  [Proc.  Camh.  Phil.  Soc,  1904,  13,  35). 

Analysis  of  this  salt  gave  the  following  numbers : 

0-1358  gave  0-3456  CO2  and  01015  HgO.     0  =  69  6  ;  H  =  8-32. 
CggH^jN-SO^  requires  C  =  69-7  ;  H  =  8-24  per  cent. 

a-Phenylhenzylmethyl-\-ainylam'nionium  iodide  was  precipitated  from 
the  aqueous  solution  of  the  ^camphorsulphonate  by  the  addition  of 
potassium  iodide  solution.  The  crude  iodide  melted  at  132°,  and  after 
crystallising  from  cold  alcohol  several  times  it  melted  at  144 — 145° 
and  therefore  at  a  higher  temperature  than  the  )8-compound  or  the 
mixture.  Rotatory  power  determinations  were  made  in  alcohol  and  in 
chloroform  ;  the  following  are  typical  examples. 

In  alcohol,  0*150  gram  in  12-400  grams  of  solution  gave  aD=  1-16°  ; 
hence j3=  1-21,  ci  =  0-815,  [a]D  =  59-0°. 

In  chloroform,  0-136  gram  in  15-737  grams  of  solution  gave 
au  =  l-65°  in  a  2-dcm.  tube,  jo  =  0-864,  d=\'i1b  ;  hence  [a]D-65°. 
After  1  hour,  ai,=  l-30°;  48  hours,  0^  =  0-07°,  corresponding  to 
[a]o  =  2-75°. 

The  solubility  of  the  a-iodide  in  alcohol  at  15°  is  1-48  grams  in  100 
grams  of  alcohol. 

It  is  clear  therefore  that  in  the  formation  of  an  asymmetric  nitrogen 
atom  in  a  compound  containing  an  asymmetric  carbon  atom  two  com- 
pounds are  formed.  These  compounds  differ  in  properties  such  as 
melting  point  and  solubility  and  in  rotatory  power,  and  are  readily 
transformed  one  into  the  other  until  ( quilibrium  is  attained  in  chloro- 
form solution,  when  one  of  the  radicles  is  either  allyl  or  benzyl.  The 
compounds,  when  suiUciently  stable,  can  be  separated  by  crystallisa- 
tion. 

The  exi>en8e8  connected  with  the  above  investigation  were  largely 
met  by  grants  from  the  Government  Grant  Committee  of  the  Royal 
Society,  for  which  the  writer  is  glad  to  make  this  acknowledgment. 

UNIVKBMITV   CUKMICAI.    I.AIinitAl  nuv, 
CAMDUIUaK. 
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XIX. — Nitrogen  Halogen    Derivatives  of  tlf    SuJphoji- 

amides. 

By  Frederick  Daniel  Chattawat. 

The  study  of  nitrogen  halogen  derivatives,  that  is,  of  eompouDds 
containing  halogen  directly  attached  to  nitrogen,  has  yielded  many 
valuable  scientific  results.  Perhaps  the  most  notable  members  of  this 
class  of  substances  are  the  bromoauiides,  which,  on  heating  with  caustic 
alkalis  yield  primary  amine?,  and  the  acylphenyl-chloro-  and  -bromo- 
aiuides,  which,  under  the  inHuence  of  hydrogen  chloride  or  bromide, 
undergo  an  intramolecular  rearrangement  whereby  the  halogen  enters 
into  the  phenyl  nucleus.  Both  these  classes  of  derivatives,  however, 
so  readily  undergo  isomeric  change  that  they  are  not  well  adapted  for 
a  study  of  the  behaviour  of  halogen  when  attached  to  nitrogen. 

It  seemed  possible  that  a  number  of  syntheses  which  have  failed 
when  tried  with  somewhat  unstable  nitrogen  halogen  derivatives  might 
succeed  if  attempted  with  stable  oompoonds  not  liable  readily  to 
undergo  isomeric  change.  Such  substances  are  found  in  the  nitrogen 
halogen  derivatives  of  the  sulphonamides,  and  the  present  paper 
contains  a  description  of  a  number  of  theee  compounds,  the  various 
reactions  of  which  are  being  further  investigated. 

The  sulphonamides  are  distinguished  by  the  great  readiness  witli 
which  they  form  well-crystallised  derivatives  in  which  all  the  aminic 
hydrogen  is  replaced  by  halogen  when  acted  upon  by  hypochlorous  acid 
at  the  ordinary  temperature,  for  example  : 

CaHjj-SO/NHCHj  +  HOCl  :^  C,H5-S0j-NH(CH,)<^j*^  zi 

CgHs-S03-N(CH,)Cl  +  H^U. 

The  sulphonchloroamides  so  produce<l  exhibit  great  stability  when 
compared  with  other  chloroamides,  for  example,  the  reverse  change 
only  takes  place  very  slowly  even  on  boiling  with  a  large  excess 
of  water.  Those  containing  two  chlorine  atoms  attached  to  the 
nitrogen  melt  without  decomposition  and  can  frequently  be  heated 
considerably  above  their  melting  points  without  undergoing  any 
change  ;  they  explode  when  heated  by  a  direct  flame,  the  tetrachloro- 
amides  derived  from  the  disulphonamides  resembling  nitrogen  chloride 
itself  in  the  violence  with  which  they  detonate.  When  similarly 
heated,  the  sulphonalkylchloroamides  do' not  detonate,  but  decompose 
rapidly  with  the  evolution  of  gas. 

They  all  readily  take  part  in  those  characteristic  reactions  which 
distinguish  the  nitrogen  halogen  from  the  carbon  halogen  linking,  the 
halogen   being  in  every  case  replaced  by  hydrogen  and  the  sulphon- 
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amide  regenerated ;  for  example,  they  liberate  chlorine  when  heated 
with  hydrochloric  acid,  iodine  chloride  or  iodine  when  treated  with 
an  equivalent  quantity  or  an  excess  of  hydriodic  acid,  and  set  free 
sulphur  when  treated  with  hydrogen  sulphide ;  when  heated  with 
alcohol,  they  form  ethyl  hypochlorite,  which  at  once  breaks  down  into 
aldehyde  and  hydrogen  chloride, 

CeH5'S02-NCl2  +  202H5-OH  =  CgHj-SO./NHg  +  2C2H5-OC1, 

and  with  hydrogen  cyanide  they  form  cyanogen  chloride. 

The  sulphondichloroamides  dissolve  readily  in  warm  aqueous  solutions 
of  the  alkaline  hydroxides,  forming  salts  of  the  sulphonmonochloro- 
amides,  which  separate  as  the  liquids  cool  in  large  crystals  containing 
water  of  crystallisation,  for  example  : 

CeHs-SOa'NClg  +  2K0H  =  CeHj-SOgKINCl  +  KOCl  +  HgO. 

These  salts  are  very  easily  soluble  in  water  and  are  comparatively 
stable  in  aqueous  or  alkaline  solution;  they  are,  however,  slowly 
hydrolysed  when  boiled  for  some  hours  with  aqueous  alkalis,  the  original 
sulphonamide  being  regenerated.  The  water  of  crystallisation  is  lost 
when  the  crystals  are  heated  to  100°  or  when  they  are  kept  in  a 
vacuum  over  phosphoric  oxide.  The  anhydrous  salts  are  very  stable  ; 
when  heated,  they  do  not  melt,  but  explode  at  temperatures  varying 
with  the  nature  of  the  substance,  and  to  some  extent  with  the  rapidity 
with  which  they  are  heated. 

There  is  every  reason  to  believe  that  in  the  salts  of  the  bromoamides 
the  metal  is  not  attached  to  nitrogen  *  but  to  oxygen,  and  that  they 
are  in  reality  salts  of  the  bromoisoamides.  Although  it  has  not  been 
directly  proved,  there  are  similar  reasons  for  believing  that  the  salts 
obtained  from  the  sulphondichloroamides  are  derivatives  of  the  sulphon- 
?«ochloroamides,  RS0(0H)!NC1,  and  have  a  constitution  represented  by 
the  general  formula  RS0(0M):NC1. 

On  acidifying  aqueous  solutions  of  these  salts  one  would  expect  to 
obtain  the  sulphonwochloroamides  or  the  sulphonmonochloroamides  pro- 
duced from  them  by  intramolecular  rearrangement ;  such  compounds, 
however,  have  not  yet  been  obtained.  On  adding  acetic  acid  to  such 
solutionH,  white,  crystalline  solids  are  precipitated,  which,  on  recrys- 
tallisation,  prove  to  bo  the  nulphondichloroamides,  whilst  equivalent 
quantities  of  the  sulphonamides  remain  in  solution.  This  is  probably 
due  to  a  progressive  hydrolysis  of  the  sulphontsochloroamides  first 
formed,  and  the  i)roduction,'by  the  agency  of  the  hypochlorous  acid 
so  formed,  of  the  much  more  sparingly  soluble  sulphondichloroamides : 

RS0(0H):NC!1  +  H3O  -  RHOj-NHg  +  UOCl. 

IiSO(OH):N01  +  HOC!  -  RS0(0H):NCl2-0H  -  RS02-NC12  +  HgO. 
•  Hantzsch  uiid  DoUfiiHH,  Ber.,  1902,  35,  249. 
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All  the  aromatic  sulphonamides  ea»si!y  yield  very  stable  substituted 
nitrogen  bromides,  which  show  the  typical  behaviour  of  this  tyj»e  of 
compound,  as  they  do  not  readily  undergo  isomeric  change.  A  few 
sulphondibromoamides  have  been  studied  by  Hoogewerff  and  van  Dorp 
{Rec.  Trav.  Chim.,  1887,  6,  373),  and  were  described  in  their  researches 
upon  the  action  of  potassium  hypobromite  on  amides:  among  othara, 
benzenesulphondibromoamideaudbenzene-m-disulphontetrabromoamide. 
These  chemists,  however,  did  not  prepare  them  by  a  very  eonvenient 
metliod  or  one  capable  of  giving  a  good  yield. 

The  method  of  preparing  8ubstitute<l  nitrogen  bromidea  by  means  of 
hypobromous  acid,  which  has  been  applied  with  saooeaa  in  many  other 
cases,  is  similarly  8uoces.sful  here.  All  the  sulphonamides  and  alkyl 
sulphonamides  readily  react  with  this  reagent,  which  replaces  all  the 
aminic  hydrogen  by  bromine,  and  a  number  of  typical  derivativea  of 
the  aromatic  sulphonamides  have  been  prepared  in  this  way.  For 
example  : 

CjHs'SOj-NH-CHj+HOBr  ^  C,H5-S0,-NH{CH,)<^Jj  ^ 

0,Hj-80,-N(CH,)Br  +  H,0. 

The  yields  are  theoretical. 

The  sulphondibromoamides  resemble  the  sulphondichloroamides  ] 
they  crystallise  well  and  behave  similarly  on  heating.  They  are,  how- 
ever, bright  yellow  in  colour.  Although  they  are  unusually  stable  as 
compared  with  nitrogen  bromides  generally,  they  slowly  decompose  on 
keeping,  bromine  being  liberated.  They  interact  with  hydrochloric 
acid,  hydriodic  acid,  hydrogen  sulphide,  and  alcohol  in  the  maimer 
characteristic  of  nitrogen  bromides,  the  sulphonamide  in  each  case 
being  regenerated. 

Although  hydrolysed  when  heated  with  water  or  with  somewhat 
dilute  acetic  acid,  they  are  remarkable  among  nitrogen  bromides  for 
the  slowness  with  which  these  actions  take  place. 

As  has  been  noted  by  Hoogewerff  and  van  Dorp  [loc.  eit.)  in  the  case 
of  the  compounds  which  they  prepared,  the  sulphondibromoamides 
interact  readily  with  a  solution  of  sodium  or  potassium  hydroxide,  salts 
of  the  sulphonmonobromoamides  being  produced.  These  salts  are  pale 
yellow,  stable  substances  which  readily  dissolve  in  water  and  crystallise 
beautifully  with  varying  amounts  of  water  of  crystallisation,  the  latter 
being  lost  when  the  salts  are  exposed  over  phosphoric  oxide  under 
reduced  pressure.  The  anhydrous  salts  do  not  melt,  but  decompose 
explosively  when  strongly  heated.  It  is  probable  that  they  are  similar 
in  constitution  to  the  analogous  salts  derived  from  the  sulphondichloro- 
amides,  and  that  they  are  derivatives  of  the  unknown  sulphon/^obromo- 
amides,  R'SO(OH)INBr.  The  latter  compounds  are  not  obtained  on 
acidifying  solutions  of  these  salts,  sulphondibromoamides  and  sulphon- 
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amides  being  produced  in  equivalent  amount,  probably  in  the  manner 
siaggested  to  explain  the  similar  behaviour  of  the  chloro-compounds. 

When  solutions  of  these  salts  in  caustic  alkalis  are  heated,  they 
readily  undergo  hydrolysis  ;  the  yellow  colour  of  the  solution  disappears 
as  the  action  proceeds,  and  a  solution  of  the  sulphonamide  in  the  caustic 
alkali  together  with  alkaline  bromide  and  bromate  are  formed. 

The  sulphonalkylbromoamides,  KSOg'NR'Br,  are  prepared  by  the 
same  method  with  equal  ease.  They  are  pale  yellow,  well-crystal- 
lised compounds  which,  in  virtue  of  the  halogen  attached  to  the 
nitrogen,  resemble  other  nitrogen  bromides  in  chemical  behaviour. 
They  are  comparatively  stable  substances,  which,  however,  decompose 
with  reddening  and  evolution  of  gas  on  heating  above  their  melting 
points.  As  with  the  corresponding  chlorine  derivatives,  those  contain- 
ing the  benzyl  group  are  the  least  stable,  and  decompose  slowly  even 
when  kept  in  a  dry  atmosphere  screened  from  light.  Various  reactions 
of  these  compounds  are  being  investigated. 


I.  Sulphondichloroamidea    and    Sulphonalkylchloroamides. 
Benzenesulphondichloroamide, 
SO./NCL. 

r, 

This  substance  was  first  mentioned  by  Kastle  (Amer.  Chem.  J.,  1895, 
17,  704),  who  suggested  its  use  instead  of  chlorine  water  as  a  reagent 
for  bromine  and  iodine;  it  was  subsequently  briefly  described  by  Kastle, 
Keiser,  and  Bradley  {Amer.  Chem.  J.,  1896,  18,  491).  They  obtained 
it  by  leading  chlorine  into  a  solution  of  benzenesulphonamide  in  caustic 
potash,  heating  the  solid  which  sepai-ated  with  hot  water,  and  subse- 
quently dissolving  the  residue  in  alcohol  and  precipitating  the  dichloro- 
amide  by  water  as  pearly-white  laminre  which  melted  at  70°.  These 
methods  of  preparation  and  purification  are,  however,  not  the  most 
suitable. 

Benzenesulphondichloroamide  and  all  other  sulphondichloroamides 
are  most  conveniently  prepared  by  adding  the  corresponding  sulphon- 
amide to  an  excess  of  a  saturated  solution  of  bleaching  powder,  in 
which  they  all  readily  dissolve,  and  then  slowly  pouring  acetic  acid 
into  the  cooled  solution.  The  sulphondichloroamides  at  once  separate 
as  oily  liquids  which  solidify  (juickly  to  white,  crystalline  solids.  These 
may  be  filtered  off,  and  are  pi'actically  pure  dichloroamides.  As,  how- 
ever, these  RolidH  are  not  easily  and  conveniently  dried,  it  is  best  to 
add  to  the  acid  liquid  Hudlciont  chloroform  to  dissolve  thorn  completely. 
It  is  adviiable  to  shake  the  chloroform  solution  with  a  further  small 
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quantity  of  fresh  aciditied  bleaching  powder  solution  to  ensure  the 
absence  of  any  trace  of  unchanged  sulphonamide.  The  chloroform 
solution  is  then  separated,  dried  over  fused  calcium  chloride,  and  the 
.solvent  driven  off  on  the  water-bath  in  a  current  of  air,  taking  care 
that  the  temperature  of  the  evaporating  liquid  does  not  rise  much 
above  20°.  The  dichloroamides  are  then  left  as  beautifully  crystalline 
white  solids,  which  may  be  recrystallised  from  chloroform,  or,  better,  by 
dissolving  them  in  warm  chloroform  and  adding  a  little  warm  petroleum, 
when,  on  cooling,  they  separata  in  coIoiuIcns  crv^tals  with  a  ^tcarcely 
perceptible  yellow  tint. 

Benzenesulphondichloroamide  is  easily  soluble  in  chloi-oform  or  in 
acetic  acid,  and  crystallises  from  these  solvents  in  transparent,  colourless 
plates  with  a  very  faint  yellow  tint.  It  is  sparingly  soluble  in  petrol- 
eum and  water.  It  is  hydrolysed  on  prolonged  boiling  with  water  or 
somewhat  diluted  acetic  acid  ;  the  action  is,  however,  very  slow,  and 
from  such  partly  hydrolysed  solutionc  the  dichloroamide  still  remaining 
separates  on  cooling  in  a  nearly  pure  state,  as  its  solubility  in  these 
solvents  is  less  than  that  of  benzenesulphouamide.  It  melts  at  76°, 
and  when  heated  above  this  point  remains  for  some  time  unchanged, 
but  decomposes  with  ebullition  at  about  200^,  giving  off  chlorine, 
nitrogen,  hydrogen  chloride,  and  benzenesulphonic  chloride.  When 
heated  rapidly  in  a  flame,  it  decomposes  with  a  feeble  explosion.  This 
and  the  other  chloroamides  described  in  the  paper  were  analysed  by 
dissolving  them  in  acetic  acid,  adding  excess  of  potassium  iodide,  and 
titrating  the  liberated  iodine  with  a  standard  solution  of  sodium 
thiosulphate. 

0-3905  liberated  1  =  692  c.c.  iVVlO  I.     CI  as  NCI  =  31-41. 
CfiHjOaNCljS  requires  CI  as  NCI  =  31  37  per  cent. 

When  benzenesulphondichloroamide  is  added  to  a  somewhat  dilute 
cold  solution  of  caustic  potash  or  soda,  it  dissolves  forming  a  pale 
yellow  liquid  from  which,  on  the  addition  of  a  saturated  solution  of 
the  alkali  hydroxide,  salts  of  benzenesulphonmonochloroamide  con- 
taining water  of  crystallisation  slowly  separate  in  long,  colourless, 
flattened  prisms.  These  are  still  more  readily  obtained  by  cautiously 
dissolving  the  sulphondichloroamide  in  a  warm  10  per  cent,  solution 
of  sodium  or  potassium  hydroxide ;  on  slowly  cooling  the  pale  yellow 
liquid,  the  salts  crystallise  out  well  in  glittering,  transparent,  colour- 
less, flattened  prisms.  If,  after  the  dichloroamide  has  dissolved,  the 
solution  is  heated  nearly  to  boiling,  a  very  vigorous  reaction  accom- 
panied by  violent  ebullition  sets  in,  and  if  much  of  the  dichloroamide 
has  been  used  the  salt  may  separate  out  in  small  crystals  even  while 
the  solution  is  hot.  This  behaviour  seems  to  indicate  that  the  alkali 
hydroxide  first  combines  with  the  sulphondichloroamide,  the  salt  of 
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the  sulphontsochloroamide  being  formed  from  this  additive  product 
by  a  splitting  off  of  alkaline  hypochlorite,  some  of  the  heat  being  derived 
from  the  rapid  transformation  of  the  latter  into  chloride  and  chlorate. 
Identical  salts  are  precipitated  on  passing  chlorine  in  limited 
amount  into  solutions  of  the  sulphonamides  in  excess  of  strong  caustic 
alkalis,  but  this  method  of  preparation  is  not  a  convenient  one. 
These  salts,  which  are  probably  derivatives  of  benzenesulphoni^ochloro- 
amide,  CgH5*S0(0H)INCl,  are  very  stable  in  presence  of  alkalis,  and 
considerable  heating  is  needed  to  effect  complete  hydrolysis,  which, 
however,  takes  place  with  the  formation  of  the  original  sulphonamide 
and  alkaline  chloride  and  chlorate  when  a  solution  in  aqueous  alkali  is 
heated  for  some  hours  at  100°.  No  transformation  of  these  salts  has 
hitherto  been  observed  to  take  place  under  these  conditions.  They  are 
very  easily  soluble  in  water,  although  with  some  slight  hydrolysis,  and 
are  again  precipitated  from  solution  on  adding  strong  alkali.  Similar 
results  are  obtained  by  warming  the  sulphondichloroamides  with  a  solu- 
tion of  calcium  or  barium  hydroxide. 

Potassium  henzenesxdphonchloroamide,  CgH5*S02K!NCl,H20. 

This  salt  was  prepared  as  above  described  by  dissolving  benzene- 
sulphondichloroamide  in  an  excess  of  a  warm  10  per  cent,  solution  of 
potassium  hydroxide.  On  cooling,  the  pale  yellow  solution  deposited 
the  salt  in  long,  colourless,  transparent  prisms ;  these  were  filtered  off, 
rapidly  washed  with  a  little  cold  water,  pressed  between  filter  paper, 
and  dried  for  a  short  time  in  the  air.  A  quantity  of  this  salt  was 
analysed  by  dissolving  it  in  a  solution  of  potassium  iodide,  acidifying 
with  acetic  acid,  and  titrating  the  liberated  iodine  with  sodium  thio- 
sulphate. 

0-4185  liberated  I  =  34*2  c.c.  i\7l0  I.     CI  as  NCI  =  14-48. 

A  further  quantity  was  exposed  in  a  vacuum  over  phosphoric 
oxide  for  four  days  until  its  weight  became  constant. 

0-4349  lost  0  0310  HjO.     H2O  =  713  per  cent. 

A  quantity  similarly  dried  was  analysed  as  before. 

0-2937  liberated  I  =  25-6  si.c.  NjlQ  I.     01  as  NCI  =  16-39. 
CflH502NClSK,H20  requires  CI  as  NCI  =  14-31.     H„0  =  7-27. 
CflHnOjNClSK  requires  CI  as  NCl  =  15-43  per  cent. 

The  salt  is  very  solnble  in  water,  giving  a  pale  yellow  solution  ;  it  is 
lees  8olu])le  in  a  strong  solution  of  potassium  hydroxide,  and  crystal- 
liset  eaHily  from  tluH  in  colourless,  transparent,  glittering,  long  prisms, 
apparently  Hix-nided  with  domed  ends. 

When  heated  rapidly,  the  dr^  sali  does  not  melt,  but  explodes  som^ 
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what  violently  with  decompoHition  and  liberation  of  a  black  solid, 
probably  carbon,  at  about  140 — 145°.  The  temperature  of  decom- 
position depends,  however  to  some  extent  on  the  rapidity  with  which 
the  salt  is  heated 

Sodium  benzenesulphonchloroamid^,  C^Hj'SOjNalNCljSHjO. 

This  compound  was  prepared  exactly  aa  the  potassium  salt,  than 
which  it  is  somewhat  more  sparingly  soluble  in  water ;  it  crystallises 
in  long,  colourless,  transparent,  flattened  prisms  with  domed  snds. 
It  is  very  easily  soluble  in  water  giving  a  pale  yellow  solutioOt  1ms 
easily  in  a  solution  of  sodium  hydroxide. 

0-2632  liberated  I»  197  o.o.  JV^/10  I.    Gl  as  NCI-  1327  per  cent. 

When  dried  for  several  days  over  phosphoric  oxide  until  no  farther 
loss  in  weight  occurred,  the  crystals  did  not  fall  to  powder,  but  l^ecame 
opaque,  retaining,  to  a  certain  extent,  their  crystalline  shape. 

0-2052  liljerated  I  ^  191  c.c.  NjlO  I.     CI  as  NCI  -  16-49. 
C,H50,NClSNa,3HjO  requires  CI  as  NCI  =  13  25. 
CjHjOaNClSNa  requires  CI  as  NCI-  16  59  per  cent. 

When  heated  rapidly,  the  anhydrous  salt  does  not  melt,  but  explodes 
with  violence  at  about  180 — 185°. 

SOj-NCl, 


/\CH, 


Toluene-o-sulphonamide  was  powdered  and  dissolved  in  an  excess  of 
a  cooled  solution  of  bleaching  powder.  On  adding  acetic  acid  slowly, 
the  dichloroamide  separated  as  an  oil  which  did  not  solidify  even  on 
strongly  cooling.  It  was  therefore  extracted  by  chloroform,  the  solu- 
tion in  chloroform  again  shaken  with  acidified  bleaching  powder,  and 
afterwards  removed,  dried,  and  the  solvent  evaporated  off  in  a  current 
of  air  on  a  water-bath.  A  pale  yellow,  oily  liquid  was  left  which 
slowly  solidified  to  a  beautifully  crystalline,  colourless  mass.  It  is 
very  soluble  in  chloroform  and  freely  soluble  in  petroleum.  It  crys- 
tallises from  light  petroleum  in  clusters  of  slender,  colourless  plates 
which  melt  at  33'^. 

0-2694  liberated  I  =  449  c.c.  ^^ylO  I.     CI  as  NCI  =  29-54 
CtHjOjNCI^  requires  CI  as  NCl  =  29-53  per  cent. 
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Potassium  tolrieneo-sulphonchloroamide,  OHg'CgH^'SOgKINCl/HgO. 

This  salt  was  prepared  as  previously  described,  using  a  10  per  cent, 
solution  of  potassium  hydroxide ;  it  crystallises  in  glittering,  trans- 
parent, colourless  prisms. 

0-3688  liberated  28-1  c.c.  iV^/10  I.     CI  as  NCI  =  13-60. 

C7Hy02NClSK,H20  requires  CI  as  NCI  =  13 -54  per  cent. 

The  hydrated  salt  loses  its  water  of  crystallisation  when  kept  for 
some  days  in  a  vacuum  over  phosphoric  oxide,  but  alters  very  little  in 
appearance. 

0-2590  liberated  1  =  21-1  c.c.  iVVlO  I.     CI  as  NCI  =  14-44. 
C7H7O2NCISK  requires  CI  as  NCI  =  14-54  per  cent. 

The  anhydrous  salt  explodes  feebly  when  heated  to  about  145°. 

Sodium  tolitene-o-sulphonchloi'oamide,  CH3'CgH4'S02NaINCl,2H20. 

This  salt  crystallises  in  long,  colourless,  transparent,  somewhat 
flattened  prisms. 

0-2]  30  liberated  1  =  16-5  c.c.  iVyiO  I.     CI  as  NCI  =  13-73. 

C7H702NClSNa,2H20  requires  CI  as  NCI  =  13-44  per  cent. 

"When  dried  over  phosphoric  oxide  in  a  vacuum  or  heated  on  a 
water-bath,  the  crystals  lose  their  water  of  crystallisation  and  become 
opaque. 

0-2005  liberated  1-17-7  c.c.  N/10  I.     CI  as  NCI  =  15-65. 
CyH-OgNClSNa  requires  CI  as  NCI  =  15  57  per  cent. 

The  anhydrous  salt  does  not  melt,  but  explodes  with  some  violence 
when  heated  to  about  170 — 175°. 

Toluene-'p-sulphondichloroamide, 
S02-NC)2 


This  was  fii-si  ohtaiiifd  l»y  Kastle,  Keisor,  and  Bradley  (loc.  cit.),  but 
no  analysis  was  published  ;  thoy  give  its  molting  point  as  80",  and  state 
that  it  crystalliKos  in  suiallor  crystals  than  the  V)enzene  derivatives 
and  is  rather  more  dillicult  to  obtain  pure  and  dry. 

It  Ih  easily  prepared  by  the  general  method  described  above.  It 
is  moderately  soluble  in  chloroform,  sparingly  so  in  petroleum ;  and 
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cryBtallises  from   chloroform   mixed  with  a  little  petroleum,  in  very 
long,   colourless,   flattened,   four-sided    prisms    terminated    by   short 

pyramids  (m.  p.  83°). 

0-2190  libemted  I  =  365  c.c.  iV/lO  I.     CI  as  NCI  -  29-54. 
CyH^O^NCIgS  requires  CI  as  NCI- 29-53  per  cent. 

Potassium  tolueiu-p-aulphonchloroanUdet  CH,*CfH4*S0,KINCl,H,0. 

This  salt,  prepared  from  a  10  [ter  cent,  solution  of  potassium  hydr- 
oxide, crystallises  in  large,  colourless,  four-sided  plates,  of  ten  elongated 
into  long,  flattened  prisms.  The  salt  dried  in  air  gave  the  following 
numbers  on  analysis : 

0  3564  liberated  I  -  272  c.c.  A710  I.     CI  as  NCI  -  1353  per  cent. 

A  quantity  was  kept  for  home  days  over  phosphoric  oxide  in  a 
vacuum  until  its  weight  was  constant ;   the  crystals  became  opaque. 

0-4839  lost  0  0335.     H,0-6-92  per  cent. 

A  further  quantity  similarly  dried  was  analysed  : 

0  3043  liberated  I «  24-8  c.c.  ^T/IO  I.     CI  as  NCI  =  14-44. 
C7H70.^NC1SK,H.^0  requires  CI  as  NCI-  13-54.     H^-  6  88. 
CyH^OjNClSK  requires  CI  as  NC1=  1454  per  cent. 

When  heated  rapidly,  the  anhydrous  salt  does  not  melt,  but  explodes 
with  violence  at  about  160 — 165°. 

Sixlium  tolu&M-^^iulphoneUcroamide,  CH,'CjH/S0^a:NCl,3H,0. 

This  salt  crystallises  in  long,  flattened,  colourless,  transparent 
prisms. 

0  4806  libei-ated  I  =  343  c.c.     CI  as  NCI  =  1265. 

C,H702NClSNa,3H30  requires  CI  as  NC1  =  1258  per  cent. 

When  exposed  over  phosphoric  oxide  in  a  vacuum  for  some  days,  or 
when  heated  on  a  water-bath  for  a  short  time,  the  salt  loses  its  water 
of  crystallisation ;  the  crystals  become  opaque,  but  retain  roughly 
their  original  shape. 

0-3082  liberated  I  =  271  c.c.     CI  as  NCI  =  1559. 

CTH^OjNClSNa  requires  CI  as  NCI  =  1557  per  cent. 

The  anhydrous  salt  explodes  with  violence  when  heated  to  about 
175—180°. 
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Nitrobenzene-va.-sulphondichloroamidei 


SOg'NClg 


This  compound  crystallises  from  chloroform,  in  which  it  is  mode- 
rately soluble,  in  colourless,  glittering,  six-sided  plates  with  a  faint 
yellow  tint  (m.  p.  121°). 

0-2952  liberated  I  =  43-7  c.c.  NjlQ  I.     CI  as  NCI  =  26-24. 
CgH^O^NgClgS  requires  CI  as  NCI  =  26-15  per  cent. 

Potassium  nitrobenzene-ra-sulphonchloroamide, 

NOg-  CgH,-  SOgK!  NCl,cc(H20), 
crystallises  from  a  strongly  alkaline  solution  in  very  small,  pale  yellow, 
transparent  plates,  which,  on  drying  over  phosphoric  oxide  in  a  vacuum, 
lose  water  of  crystallisation  and  become  opaque.  The  water  of  crys- 
tallisation was  not  estimated,  as,  owing  to  the  smallness  of  the  crystals, 
it  was  found  difficult  to  remove  all  adhering  water.  The  anhydrous 
salt  was  analysed  : 

0-2056  liberated  1=  14-7  c.c.  if/lO  I.     CI  as  NCI  =  12-67. 
CJH4O4N2CISK  requires  CI  as  NCI  =  12-9  per  cent. 

The  anhydrous  salt  explodes  with  incandescence  and  deposition  of 
carbon  at  about  155°.  Although  the  dry  salt  can  be  heated  on  a 
water-bath  for  a  short  time  without  decomposition,  if  its  solution  in 
caustic  potash  is  heated,  it  darkens  in  colour,  heat  is  evolved,  and  a 
violent  action  occurs,  resulting  in  the  formation  of  a  purple  solution 
from  which  acids  precipitate  tarry  substances  the  nature  of  which  has 
not  yet  been  determined.  All  the  salts  of  the  two  sulphonchloro- 
amides  containing  a  NOj  group  which  have  been  investigated  behave 
in  this  manner. 

Sodium,  nitrobenzene-xa-sulphonchloroamide, 

NOj-  CgH^-  SOgNa:  NCl,a;(H20), 
crystallises  in  small,  very  pale  yellow  plates.  These,  like  those  of  the 
potassium  salt,  were  too  small  to  be  satisfactorily  dried  by  pressing 
between  paper  in  order  to  determine  the  water  of  crystallisation.  When 
dried  over  phosphoric  oxide  in  a  vacuum,  they  lose  their  water  of  crys- 
tallisation and  become  opaque,  forming  a  nearly  white,  crystalline 
powder. 

0-2772  liberated  1-21-3  c.c.  ^/lO  I.     CI  as  NCI  =  13-62. 
OjH^O^NjClSNa  requires  CI  as  NCI  =  13-7  per  cent. 

When  heated  rapidly,  the  dry  salt  explodes  with  incandescence  and 
deposition  of  carbon  at  about  175°» 
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2-Nitrotol%ien6-p-suljjh(mdichloroamitJt', 
80,-NCl, 


This  compound  crygtalliMe  from  chloroform,  in  which  it  in  mode- 
rately soluble,  in  very  pale  yellow,  tnuupftreot,  four-sided  prunu 
(m.  p.  101°). 

0-3082  liberated  I  -  43-5  c.c.  .V/10  I.     t'l  a^  Nfl  -  2502. 
CjHjO^NjCl^S  requin**  Ul  ait  NCI -24  87  per  cent. 

Potaaaium  2-nikvtoluMM-p'ndpkondUoroamndet 

c.h^6(NO^-80,k:nci,x(h,o), 

crystallises  in  small,  pale  yellow,  transparent  pUtes,  whiek  loM  watar 
of  crystuliisation  and  become  opaque  when  dried  in  a  Taewmi  OTwr 
phosphoric  oxide. 

0-2121  liberated  I  =  144  c.c.  A710  L     CI  m  NCI- 12-03. 
C.U^O^N^CIK  requires  CI  as  NCI-  1227  per  cent. 

The  anhydrous  salt,  when  heated  to  about   160°,  explodes.     The 

sodium  salt  resembles  this  substance  ;  both  behave  like  the  saHs  of 
nitrobenzene-nt-Bulphouehloroamide  when  heated  with  aqueous  caustic 

alkali. 

Betuiens-ui-diatdpktmMrmMortmmidt, 

SOj-NCl, 


(jso. 


J  NCI, 

This  compound  is  easily  soluble  in  chloroform  ;  it  crystallises  from 
a  mixtui-e  of  this  solvent  and  light  petroleum  in  colourless,  trans- 
parent rhombs  (m.  p.  128'^). 

01694  liberated  1  =  36- 1  c.c.  A710  I.     CI  as  NCI  =  37-77. 
CgH^O^NjCl^Sj  requires  CI  as  NCI  =  37-91  per  cent. 

When  strongly  heated,  the  melted  substance  explodes  with  a  violence 
recalling  the  explosion  of  nitrogen  chloride  itself,  carbon  being  de- 
posited. It  readily  dissolves  in  a  warm  solution  of  potassium  or 
sodium  hydroxide,  forming  salts  of  benzene-r/^disulphondichloroamide, 
which,  however,  are  so  soluble  that  they  have  not  been  satisfactorily 
isolated. 
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Naphthalene-l-8ulphondic?doroaniide, 

SOg-NClg 


This  compound  ci'ystallises  from  a  mixture  of  chloroform  and  petrol- 
eum in  large,  transparent  plates  of  a  pale  yellow  colour  ;  this  colour, 
which  is  more  marked  than  is  usual  in  nitrogen  chlorides  derived  from 
colourless  amides,  appears  to  be  the  real  colour  of  the  compound  and 
not  to  be  d\ie  to  impurity  ;  its  solution  in  chloroform  is  also  much 
deeper  yellow  than  that  of  other  similar  compounds;  it  melts  at  91°. 

0-3280  liberated  I  =  47-4  c.c.  iVyiO  I.     CI  as  NCI  =  25-61. 
CioH^OgNClgS  requires  CI  as  NCI  =  25  68  per  cent. 

Potassium  and  sodium  naphthalene-1-sulphonchloroamides  crystallise 
out  in  small,  colourless  plates  when  a  solution  of  the  dichloroamide  in 
warm  caustic  potash  or  soda  is  allowed  to  cool.  When  dried  over 
phosphoric  oxide,  their  composition  is  represented  by  the  formulae 
CioHy-SOjKINCl  and  CioH^-SOgNalNCl. 

Naphthalene-2-sulphondichloroamide, 
NsOg-NClj 


is  somewhat  difl&cult  to  obtain  crystalline  as  it  is  very  soluble  in  all 
solvents  ;  it  slowly  crystallises  from  light  petroleum  containing  a  very 
little  chloroform  in  thick,  colourless,  transparent  plates  (m.  p.  68°). 

0-3514  liberated  1  =  50-2  c.c.  iV^/10  I.     CI  as  NCI  =  25-32. 
CioHyC^NCL^S  requires  CI  as  NCI  =  25 -68  per  cent. 

Potassium  naphthalene-'2i-sulphonchloroamide,Q^^^'^0^'i^ii\,ZYi^O, 
which  is  comparatively  sparingly  soluble,  crystallises  in  large,  very 
thin,  tran.sparent,  pearly-white  plates. 

0-3868  liberated  1=  22-9  c.c.  i^^lO  I.     CI  as  NC1=  1049. 
CioH70.^NClSK,3H20  requires  CI  as  NC1=  1062  per  cent. 

When  dried  for  some  days  over  phosphoric  oxide  in  a  vacuum,  the 
crystals  give  up  their  water  of  crystallisation  and  lose  their  trans- 
parency. 

01873  of  the  anhydrous  salt  liberated  1  =  13-2  c.c.  iV^'lO  I. 
CI  08  NCI  =  12-49. 

CjoH,OjNClSK  requiroH  (!1  a.s  NCI  =  12-67  per  cent. 
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When  heated,  the  dry  salt  explodes  ffplilv  at  aWiut  170°  with 
deposition  of  carbon. 

Sodium  napht/talerte-2-tsulpfioitchlcroamicU,  Un,ll,-SU,>ia;NCl,II,0,  ia 
also  sparingly  soluble  ;  it  erystalliaes  from  a  solution  of  sodium  hydr- 
oxide in  large,  pearly-white,  thin,  transparent  plates. 

0-2546  liberated  1  =  17-5  c.c.  iV/10  I.     CI  as  NCI- 12-18. 
Ci(,H70.^NClSNa,H^0  requires  CI  as  NCI-  13-58  per  cent. 

On  standing  over  phosphoric  oxide  in  a  ▼acnum  for  some  days,  the 
water  uf  crystallisation  is  lost,  but  the  crystals  change  very  little  in 
ap{>earance. 

01392  of  the  anhydrous  salt  liberated  1  =  105  c.c.  .V/IO  I. 
CI  as  NCI  =  13-37. 

CioHjOjNClSNa  requires  CI  as  NCI  =  13-44  per  cent. 

The  dry  salt  does  not  melt,  but  explodes  feebly  at  about  180°  with 
deposition  of  carbon. 

Naphtkaisn«'2 : 7-ditulpkont€iraeU«roamid«t 
Cipf  -OgS/N^^lSOj-NCI, 

This  compound  is  moderately  soluble  in  chloroform  and  crystallises 
from  this  solvent  in  clusters  of  short,  colourless,  transparent  pyramids 
which  melt  at  165^.  The  melted  substance  explodes  with  great 
violence  when  strongly  heated. 

0-2530  liberated  I  =  473  c.c.  ^V/10  L     CI  as  NCI  -  3314. 
Cj^HjO^NjCl^S,  requires  CI  as  NCI  =  33-44  per  cent. 

The  potassium  and  sodium  salts  of  naphthalene-2 :  7-disulphondi- 
chloroamide  crystallise  in  long,  colourless,  hair-like  crystals.  When 
dried  over  phosphoric  oxide,  their  composition  is  represented  by  the 
formula  CioH^(SO^:NC1)j  and  C,oH^(SOjNa:NCl).^.  They  decompose 
explosively  with  the  formation  of  brown,  ear  thy -looking  powders  at 
about  145—150='  and  165—170^  respectively. 

Anthraquinone-2  aulphondichloroamide,  Cj^HjO^*SOj*NClj,  crystal- 
lises from  chloroform,  in  which  it  is  moderately  soluble,  in  clusters  of 
bright  yellow,  transparent  plates  (m.  p.  177*^). 

0-2554  liberated  I  =  282  c.c.  XjlO  I.     CI  as  NCI  =  19-57. 
Ci^H,O^NCljS  requires  CI  as  NCI  =  19-91  per  cent. 
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Arylsulphonalkylchloroamides. 

Compounds  of  this  nature  are  produced  with  great  readiness  by  the 
action  of  an  aqueous  solution  of  hypochlorous  acid  on  the  sulphonalkyl- 
amides.  They  are  most  conveniently  prepared  by  dissolving  the  corre- 
sponding sulphonalkylamide  in  chloroform  and  shaking  the  solution 
for  some  minutes  with  a  solution  of  hypochlorous  acid  made  by 
adding  an  excess  of  potassium  hydrogen  carbonate  to  a  i\710  solution 
of  sodium  hypochlorite.  It  is  best  to  shake  finally  for  a  few  minutes 
with  a  fresh  quantity  of  hypochlorous  acid  solution,  then  to  separate, 
dry  the  chloroform  solution  over  fused  calcium  chloride,  and  drive  off 
the  solvent  in  a  current  of  air.  The  sulphonalkylchloroamides  are 
left  as  white,  crystalline  solids  or  as  pale  yellow,  viscid  oils, 
which  can  be  made  to  solidify  by  cooling  and  stirring  with  a  little 
light  petroleum.  They  can  be  recrystallised  from  chloroform  or 
petroleum,  or,  as  a  rule,  better  from  a  mixture  of  the  two  solvents. 
They  all  crystallise  particularly  well. 

A  number  of  compounds  derived  from  various  methyl,  ethyl,  propyl, 
and  benzyl  derivatives  of  the  sulphonamides  have  been  obtained. 
Those  containing  methyl,  ethyl,  and  propyl  groups  are  comparatively 
stable,  whereas  those  in  which  benzyl  occurs  undergo  spontaneous 
decomposition  after  a  few  hours,  even  when  kept  in  dry  air ;  chlorine 
and  hydrogen  chloride  are  liberated,  while  an  odour  resembling  that 
of  benzaldehyde  becomes  apparent. 

When  rapidly  heated,  they  all  decompose  with  evolution  of  gas,  but 
without  explosion. 

Benzenesidphonmethylchloroamide,  OgHg'SOg'NCl'CHg,  crystallises 
from  a  mixture  of  chloroform  and  petroleum  in  colourless,  short 
rhombs  (m.  p.  81°). 

0-4819  liberated  1  =  47-1  c.c.  iVVlO  I.     01  as  NCI  =  17-32. 
CyHgOjNClS  requires  CI  as  N01  =  17-24  per  cent. 

Benzeiveaulphonethylchloroamide,  C^H^'SOj'NCl'CjH^,  colourless 
plates  (m.  p.  52°). 

0-4248  liberated  1  =  39  c.c.  .A^/10  I.     CI  as  NCI  =  16-27. 

CfiHioOjNClS  requires  CI  as  NCI  =  16-14  per  cent. 

BenzenestUp]ionhenzylcMoroamide,  CflHj'SOjj'NCl'CHg'C^Hj,  colour- 
loss,  slender  prisms  (m.  p.  109°). 

0-3042  liberated  1-21-5  c.c.  NjlO  I.     CI  as  NCI  -  12-53. 
CjaHijOjNOlS  requires  CI  as  NCI  =  12-59  per  cent. 

This  substance  is  comparatively  unstable ;  on  keeping  in  a  desiccator 
over  phosphoric  oxido,  it  slowly  decomposed,  giving  off  chlorine  and 
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hydrogen  chloi'ide,  while  a  strong  odour  resembling  that  of  benzaldehyde 
was  noted.  In  two  days,  the  percentage  of  CI  as  NCI  fell  to  1 1  '60  per 
cent. 

Tolv^ne-T^tvlpfummethylcJdoroamide,  C  H,*CjH^*80j*NCl*CH,,  crystal- 
lises in  colourless  prisms  which  melt  at  82°. 

0-4630  liberated  1  =  41-5  c.c.  NjXQ  I.     CI  a«  NCI-  16-24. 
CgHnjOjNClS  requires  CI  as  NCI-  16-14  per  cent. 

Toluene-T^tulphonethylchloroamide,  CHj'CjH^'SOj'NCl'CjH,,  frv?<tal- 
lises  in  colourless,  six-sided  plates  (m.  p.  86°). 

0-4862  liberated  1  =  41-8  cc.  NjlQ  I.     CI  as  NCI  -  16-24. 
CgHijOjNClS  requires  CI  as  NCI- 1617  per  cent. 

Toluene-yhSvJphonpropylchloroamtde,  CHj'CgH^'SOj'NCl'CjHy,  is 
very  readily  soluble  in  chloroform  and  in  light  petroleum  ;  it  crystal- 
Uses  in  colourless  plates  (m.  p.  68°). 

0-5844  liberated  1-46  cc.  i^/10  I.     CI  as  NCI- 13-96. 

CioHi^OjNClS  requires  CI  as  NCI  =  14-31  per  cent 

Toluene-^tulphonbt%9^lamid«,  CH,-C«H^-S0,-NH-CH,-C,H5. 

This  and  a  number  of  similar  compounds  not  hitherto  described  have 
been  prepared  by  adding  the  calculated  quantity  of  the  amine,  either 
anhydrous  or  in  aqueous  solution,  to  the  sulphonic  chloride,  either 
solid  or  dissolved  in  ether  or  chloroform.  Vigorous  action  as  a  rule 
took  place  and  much  heat  was  generated.  After  standing  for  some 
hoiirs  to  complete  the  action,  the  calculated  quantity  of  potassium 
hydrogen  carbonate  dissolved  in  water  was  added,  the  whole  being 
finally  warmed  for  a  time  on  the  water-bath.  The  solid  thus  obtained 
was  then  recrystallised,  except  when  otherwise  stat-ed,  from  alcohol. 

Toluene-^-sulphonbenzylamide  crystallises  in  colourless,  transparent, 
six-sided  prisms  terminated  by  pyramids  (m.  p.  1 1 6°). 

2^oluene-p-sulphonbemylchioroamide,  CHj'CjH^'SOj'NCl'CH^'C^jHj. 
This  compound  crystallises  in  colourless,  six-sided  plates  (m.  p.  136°). 

0-3359  liberated  I  =  228  c.c.  .V/IO  I.     CI  as  NCI  =  1203. 
C14H14O2NCIS  requires  CI  as  NC1«  1199  per  cent. 

Nitrohemene-m-svlphoninetkylamide,  N02*C,H^*S0.2*NH*CH3,  very 
pale  yellow,  flattened  prisms  (m.  p.  125°). 
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Nitrohenzene-VD.-sulphonmethylchloi'oamide, 
SOa-NCl-CHg 


'         TsTO 
forms  pale  yellow,  transparent,  four-sided  plates  (m.  p,  136°). 

0-3958  liberated  I  =  31-6  c.c.  iVVlO  I.     CI  as  NCI  =  14-15. 
C7H7O4N2CIS  requires  CI  as  NC1=  1414  per  cent. 

Nitrohenzene-va-svlphonethylaviide,  NOg'CgH^-SOg'NH'CgHj,  small, 
colourless  plates  with  a  faint  tinge  of  yellow  (m.  p.  81°). 

Nitrobenzene-m-sulphoTiethylcldoroamide,  NO.^'CgH^'SOg'NCl'CgHg, 
forms  large,  very  pale  yellow,  four-sided  plates  (m.  p.  84°). 

0-5097  liberated  I  =  38-7  c.c.  iVVlO  I.    CI  as  NCI  =  13-45. 
CgHgO^NgClS  requires  CI  as  NCI  =  13-39  per  cent. 

Nitrohenzene-vo.-sulphonhenzylaviide,  NOg'CgH^'SOo'NH'CHg'CgHg, 
colourless  plates  with  a  faint  tinge  of  yellow  (m.  p.  101°). 

mtrobenzene-mx-sulphonbenzylchloroamide, 

NOg-CgH^-SOa-NCl-CHg-CgHs, 
crystallises  from  chloroform,  in  which  it  is  moderately  soluble,  in  colour- 
less, slender  prisms  with  the  faintest  perceptible  yellow  tint  (m.  p. 
142°). 

0-4280  Hberated  1  =  26-3  c.c.  iV^/10  I.     CI  as  NCI  =  10-89. 
C13H11O4N2CIS  requires  CI  as  NCI  =  10-85  per  cent. 

'2-Nitrotoluene-T^-8ulphonmethylamide,       NOg'CgHgMe'SOg'NH'CHj, 
very  pale  yellow  prisms  (m.  p.  93°). 

2-Nitrotoluene-'p-8ulphonmethylckloroamide, 
S0./NC1-CH„ 

JnOo 


CH, 

crystallises  from  chloroform,  in  which  it  is  moderately  soluble,  in  very 
pale  yellow,  transparent,  four-sided  prisms  (m.  p.  90°). 

0-3160  liberated  I  =  23-8  c.c.  iV/lO  I.     CI  as  NCI  =  13-35. 
CgHoO^NgClS  requires  CI  as  NCI  =  13-39  per  cent. 

2-Nitrotoltiene-i>-Bulphonethylamide,         N  Oj  *  Cg  HgMe  •  SOg  •  NH  •  CjHj, 
short,  thick,  very  palo  yellow  prisms  (m.  p.  87°). 

2-Nitrololuene-i)-tiulphuuethylc/doroamide, 

NO/CgU^Me-SOg-NCl-CaHft, 
crystallises  in  pale  yellow,  four-sided  plates  (m.  p.  76°). 
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0  4192  liberated  1  =  302  c.c.  .V/IO  I.     CI  as  NCI-  12-77. 
CgHiiO^N^ClS  requires  CI  as  NCI  =  12-72  per  cent. 

2-  Nitrotolttene-p-stUphonbenzt/lamide, 

NO/CcHsMe-SOj-NUCH/C.Hj, 
slender,  colourless  plates  with  tlic  frtiiite>t  {Hjssible  yellow  colour  (no.  p. 
94°). 

2-i\itrotolttene-p-sulp/iunU  '«, 

NO/C,H,  »'U,-C,U5. 

crystallises  from  chloroform,  in  which  it  is  moderately  soluble,  in  slender, 
Hattened  prisms,  almost  colourless,  but  with  the  faintest  perceptible 
shade  of  yellow  (lu.  p.  144"^). 

0-3525  liberated  I  -  20-8  c.a  JV/10  I.     CI  m  NCI  - 10-46. 
Ci^HjjO^NgClS  requires  CI  as  NCI-  10-40  per  cent. 

/ieiizene-mdisulphons-dimsthylamids,    C^H4(80,*NH*CH,)^    small, 

colourless  plates  (m.  p.  i;^3°V 

Benzette-m  -dinJphon  ■  &-dimstAyidieAUroamidet 
80/NCl-CH, 


),NC1CH, 

crystallises  from  chloroform,  in  which  it  is  sparingly  soluble,  in  colour- 
less, transparent  prisms  (m.  p.  135°). 

0-3776  liberated  1  =  453  c.c.  iV/10  1.     l1  as  >vi  =  21-26. 

CgHioO^NgCloS,  requires  CI  as  NCI  =  21  28  per  cent. 

When  heated  rapidly  above  its  melting  point,  it  decomposes  violently 
with  blackening. 

Xaphthalene-\-sulph<minethylamide,C^^'60^*'SIL*CB^,  sm&ll,  colour- 
less plates  (m.  p.  137''). 

Xaphthalenel-stilphonmethylchloroamide,  CjoHy'SO^'NClCH,,  is  very 
easily  soluble  in  chloroform  ;  it  crystallises  from  a  mixture  of  chloro- 
form and  light  petroleum  in  transparent,  short,  colourless,  six-sided 
prisms  (m,  p.  78°). 

0-3412  liberated  1  =  259  c.c.  3710  I.     CI  as  NL"l=  1345. 
CiiHioO^KClS  requires  Ci  as  NCI  =  13^6  per  cent. 

Naphthalene-\-siilphontthylamide,  CioH-'SOj'NH-CjHj,  verj'  pale 
yellow,  thick  plates  (m.  p.  93°). 

Xaphthalene-l-sulphonethykhloroamidey  CjoH^'SOj'NCl'C^Hj,  crystal- 
lises in  glittering,  transparent,  very  pale  yellow,  short  prisms  termin- 
ated by  pyramids  (m.  p.  77°). 


162  CHATTAWAY:   NITROGEN   HALOGEN 

0-4602  liberated  1  =  34-1  c.c.  i^^lO  I.     CI  as  N01  =  13-13 
C12H12O2NCIS  requires  CI  as  NCI  =  1 3-14  per  cent. 

Naphthalene-! -sulphonhenzylamide,  CjQHy'SOg'NH'CHg'CgHg,  pale 
yellow,  six-sided  prisms  (m.  p.  137°). 

Naphthalene-l-sulphonhenzylchloroamide,  CjQHi^'SOg'NCl'CHg'CgHg, 
crystallises  in  short,  very  pale  yellow  prisms  (m.  p.  94°). 

0-3534  liberated  1  =  21-3  c.c.  iV/10  I.  *  CI  as  NCI  =  10-68. 
C17H14O2NCIS  requires  CI  as  NCI  =  10-69  per  cent. 

Naphthalene-1-sulphonmethylamide,  C^^Hi^'SOg'NH'CHg,  thin,  colour- 
less plates  (m.  p.  111°). 

Naphthalene-^-sulphonmethylchloroamide,  C^QHi^'SOg'NCl'CHg,  crys- 
tallises in  short,  colourless  prisms  (m.  p.  91°). 

0-3012  liberated  1  =  23-1  c.c.  Njl^  I.     CI  as  NCI  =  13-59. 
Ci^HjoOaNClS  requires  CI  as  NCI  =  13-86  per  cent. 

Naphthalene-2-8ulphonpropylamide,  CjoHy'SOg'NH'CgH,^,  colourless, 
pearly,  thin,  transparent  plates  (m.  p.  77°). 

Naphthalene-2-sulphonpropylchloroamide,  C^^oHv'SOg'NCl'CgH^,  crys- 
tallises in  clusters  of  glittering,  transparent,  colourless  plates  (m.  p. 
86°). 

0-3731  liberated  1=  263  c.c.  iV^/10  I.     CI  as  NCI  =  12-49. 
C'lsHiANClS  requires  CI  as  NCI  =  12-49  per  cent. 

NaphtJialene-2-8ulphonhenzylamide,  CjoH^'SOg'NH'CHg'CgHj,  is 
readily  soluble  in  chloroform,  and  on  adding  light  petroleum  crystal- 
lises in  small,  colourless  plates  (m.  p.  124°), 

Naphthalene-l-svlphonbenzylchloroamide,  CioH^'SOg'NCl'CHg'CgHg, 
crystallises  in  clusters  of  glittering,  transparent,  very  pale  yellow 
plates  (m.  p.  117°). 

0-4394  liberated  I  =  25-7  c.c.  NjlO  I.     CI  as  NCI  =  10-37. 
CjyHi^NClS  requires  CI  as  NC1  =  1069  per  cent. 

The  Bulphondichloroamides  and  the  sulphonalkylchloroamides  are 
being  further  studied  as  they  are  very  reactive  and,  being  easily  soluble 
and  very  stable,  promise  to  be  of  considerable  value  in  organic  syntheses. 
Moreover,  the  Bulphondichloroamides  are  so  readily  prepared  and 
analysed,  and  the  ease  with  which  they  crystallise  is  so  much  affected 
by  admixture,  that  they  should  prove  of  considerable  use  in  the 
inveetigation  of  sulphoiiic  acids. 
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II.  Sulphondibromoamidea  and   Sulphonalkylbromoamidet. 

BemenestUphondibromoamide, 
SOj-NBr, 


This  compound  was  first  prepared  by  Hoogewerff  and  van  Dorp 
(Jiec.  Trav.  Chim.,  1877,6,  373)  by  dissolving  benaMMSulphonamide  in 
an  excess  of  alkaline  hypobromite  and  adding  acetic  acid ;  a  yield  of 
about  60  per  cent,  of  the  theoretical  was  obtained.  It  can  be  obtained 
with  much  greater  ease  and  in  theoretical  amount  by  the  action  of 
hypobromous  acid  on  benzeneeulphonamide.  The  best  method  of  pro- 
cedure is  described  later.  The  compound  can  be  obtained  perfectly 
pure,  melting  at  1 1 6°,  by  one  crystallisation  from  chloroform.  A 
specimen  so  prepared  gave  the  following  numbers  on  analysis  : 

0-3874  liberated  I  =  492  c.o.  AyiO  L     Br  as  NBr - 50-77. 
OjHjOjNBrjS  requires  Br  as  NBr  =-50*76  per  cent. 

This  and  other  similar  sulphondibromoamides  are  far  more  stable 
towards  hydrolysing  agents  than  is  usually  the  case  among  nitrogen 
bromides.  Two  grams  of  benzeuesulphondibromoamide  were  dissolved  in 
50  c.c.  of  90  per  cent,  acetic  acid  and  the#Dlution  gently  boiled  for  four 
hours,  during  which  time  bi-omine  vapour  was  very  slowly  evolved.  The 
solution  remained  yellow  after  standing  at  the  ordinary  temperature 
for  three  days,  and  on  diluting  with  water  about  half  a  gram  of  pure 
dibromoamide  separated  out,  the  more  soluble  bensenesalphonamide 
remaining  in  solution.  Similarly,  on  boiling  2  grams  of  the  compound 
with  half  a  litre  of  water,  the  melted  substance,  which  at  first  remained 
largely  undissolved  as  a  heavy  oil,  slowly  dissolved,  while  a  vapour  was 
given  oft*  which  turned  starch  paper  moistened  with  potassium  iodide 
blue.  After  four  hours'  boiling,  the  liquid  was  still  yellow,  and  slowly 
deposited  about  04  gram  of  pure  dibromoamide,  which  crystallised  out 
in  large,  transparent,  yellow  plates. 

Toluene-^sttlphondihromoamide, 
SOj-NBr, 

/\ 

II. 
\/ 
CH, 

This  compound  was  prepared  by  the  action  of  an  aqueous  solution 
of    hypobromous    acid    on    toluene-p-sulphonamide.      The    following 
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procedure  was  adopted  in  the  preparation  of  this  and  other  similar 
compounds  described  in  this  paper.  The  finely-powdered  sulphonamide 
was  added  to  a  well  cooled  solution  of  hypobromous  acid  *  containing 
about  twice  the  theoretical  quantity  of  the  latter  and  shaken  together 
for  some  minutes  in  a  large  separating  funnel ;  a  quantity  of  chloroform, 
sufiicient  to  dissolve  the  sulphondibromoamide,  was  then  added  and  the 
shaking  continued  for  a  few  minutes.  To  ensure  the  absence  of  un- 
changed sulphonamide,  the  chloroform  solution  was  again  shaken  for 
a  short  time  with  a  further  small  quantity  of  freshly  made  hypobrom- 
ous acid  solution.  The  chloroform  solution,  after  separation  and  drying 
over  fused  calcium  chloride,  deposited  the  sulphondibromoamide  in 
yellow  crystals  on  driving  off  the  solvent  in  a  current  of  air.  The 
yield  is  theoretical.  The  compound  crystallises  from  chloroform,  in 
which  it  is  moderately  soluble,  in  transparent,  orange-coloured  plates 
(m.  p.  104°). 

0-3192  liberated  1  =  38-8  c.c.  iVVlO  I.     Br  as  NBr  =  48-59. 
CyHi^OgNBrgS  requires  Br  as  NBr  =  48-59  per  cent. 

When  the  melted  substance  is  heated  rapidly,  it  decomposes  ex- 
plosively, liberating  bromine  and  toluene-jt)-sulphonic  bromide. 

Potassium  tolt/siis-p-sulphonbromoamide,  CH3*CgH4'S02KINBr,2H20. 

This  salt  can  be  obtained  either  directly  from  the  sulphonamide  by 
dissolving  it  in  a  warm  solvreion  of  potassium  hydroxide,  adding  the 
theoretical  quantity  of  bromine,  and  cooling,  or,  more  easily,  by  dissolv- 
ing finely-powdered  toluene-j9-sulphondibromoamide  in  a  warm  20  per 
cent,  solution  of  potassium  hydroxide  and  allowing  the  bright  yellow 
solution  to  cool.  The  potassium  salt  then  crystallises  out  in  beautiful, 
transparent,  pale  yellow,  six-sided  plates  containing  2  molecules  of 
water  of  crystallisation. 

0-5242  liberated  I  =  32-2  c.c.  iVVlO  I.     Br  as  NBr  =  2456. 
C7H702NBrSK,2H20  requires  Br  as  NBr  =  24-65  per  cent. 

When  kept  for  some  days  over  phosphoric  oxide  in  a  vacuum,  the 
crystals  lose  their  water  of  crystallisation  and  become  opaque.  The 
water  is  also  lost  when  the  salt  is  heated  nearly  to  100°. 

0-4201  of  the  anhydrous  salt  liberated  1  =  29-1  c.c.  i\^/10  I. 
Br  as  NBr  =  27 -69. 

OyHyO^NBrSK  requires  Br  as  NBr » 27*74  per  cent. 

When  heated,  the  dry  salt  does  not  melt,  but  decomposes  with  a 
feeble  explosion  at  about  145 — 150°. 

•  ThU  tolution  was  mado  by  Hliakiii^  hroniiiic  with  prcciiiitated  uu'icuiic  oxide 
NUMpnnded  in  water. 
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Sodium  toliiene-p-stUph&nbioiiioamide,  CHj'CjH^'SOjNalNBr.SHgO. 

This  compound,  like  the  potassium  salt,  can  either  be  obtained  by  add- 
ing bromiDe  to  a  solution  of  the  sulphouamide  in  sodium  hydroxide  or  by 
dissolving  the  sulphondibromoamide  in  a  warm  20  per  cent,  solution 
of  sodium  hydroxide.  It  separates  from  the  warm  alkaline  solution  in 
long,  transparent,  pale  yellow,  flattened  prisms,  which  contain  3  mole- 
cules of  water  of  crystallisation. 

0-4437  liberated  I  =  27  3  c.c.  .V/IO  I.     Br  as  NBr-  24-60. 
C7H70.,NBrSNa,3»20  requires  Br  as  NBr- 24-51  per  cent. 

When  dried  over  phosphoric  oxide  in  a  vacuum  or  at  100**,  it  loaee 
its  water  of  crystallisation,  and  the  crystals,  while  retaining  their  out- 
ward shape,  become  opaque. 

0-4094  of  the  anhydrous  salt  libemted  1-30*1  c.c.  N/\0  I. 
Br  as  NBr  =  29-39. 

C7H-0._,NBrSNa  requires  Br  as  NBr-  29-38  per  cent. 

When  heated,  the  anhydrous  salt  does  not  melt,  but  decomposea 
with  a  feeble  explosion  at  about  145 — 150^. 

Toluen^o-ndpkomdibroinuta  m  LU, 
SOj-NBr. 

ACH,      . 

This  sub.stance  was  prepared  exactly  as  the  para-derivative  ;  it  is 
readily  soluble  in  chloroform  and  very  slightly  in  {^>etroleum.  When 
dissolved  in  warm  chloroform  and  a  little  warm  light  petroleum  added, 
it  separates,  on  cooling,  in  transparent,  orange-coloured,  four-sided 
rhombic  plates  (m.  p.  80*^). 

0-5444  liberated  I  =  662  c.c.  iV/10  I.     Br  as  NBr  =  4862. 
C7H,0.3NBrjS  requires  Br  as  NBr  =  48-59  per  cent. 

When  heated  rapidly  above  its  melting  point,  it  decompoeee 
explosively. 

Potassium  toluene-o-sulphonbromoamids,  CH3'CgH^'SO.,K!NBr,H20, 
was  prepared  from  a  20  per  cent,  solution  of  jxttassium  hydroxide  ;  it 
crystallises  in  pale  yellow,  six-sided  plates. 

0-3370  liberated  1  =  21-9  c.c.  i^/10  I.     Br  as  NBr  =  25-98. 

0-2427,  when  dried  for  6  days  over  phosphoric  oxide  in  a   vacuum, 
lost  0-0135  HjO.     HjO  =  5-56. 
C7H70.^NBrSK,HjO  requires  Br  as  NBr  =  261 1.    HjO  =  588  per  cont. 
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When  the  dry  salt  is  heated,  it  decomposes  at  about  130 — 135°. 

Sodium  toluene-o-sulphonhromoamide,  CHg'CgH^'SOgNalNBrjH.^O, 
was  prepared  from  a  20  per  cent,  solution  of  sodium  hydroxide  ;  it 
crystallises  in  long,  slender,  pale  yellow,  flattened  prisms. 

0-1908  liberated  1  =  12-9  c.c.  iVVlO  I.     Br  as  NBr=  27-03. 
C7Hy02NBrS]Sra,H20  requires  Br  as  NBr  =  27-55  per  cent. 

This  salt  loses  its  water  of  crystallisation  with  extreme  slowness 
over  phosphoric  oxide,  but  on  heating  at  100°  water  is  driven  ofE, 
although  the  salt  also  suffers  a  slight  decomposition,  as  these  bromo- 
derivatives  are  not  so  stable  as  the  salts  of  the  chloroamides. 

0-3210,  when  heated  at  100°  for  2  hours,  lost  0-0247  H2O.  H20  =  7-69. 
C^HyOgNBrSNa.HaO  requires  H20  =  6-21  per  cent. 

When  heated,  the  anhydrous  salt  does  not  melt,  but  decomposes 
explosively  at  about  135 — 140°. 

Nitrohemene-m-sidphondibromoamide, 
SOg-NBrg 

NO2 

In  the  preparation  of  this  compound,  a  large  quantity  of  chloroform 
must  be  used  on  account  of  its  sparing  solubility.  If  a  small  quantity 
only  of  the  solvent  is  used,  the  greater  part  of  the  dibromoamide 
remains  undissolved.  It  is  moderately  soluble  in  boiling  chloroform 
and  crystallises  from  the  solvent  in  transparent,  orange  rhombs,  which 
melt  at  about  157°  with  some  decomposition,  the  melted  substance 
reddening  and  evolving  some  gas.  When  rapidly  heated  to  a  high 
temperature,  as  by  placing  a  small  quantity  in  a  melting-point  tube 
into  a  flame,  it  decomposes  explosively. 

0-4382  liberated  1  =  48-6  c.c.  iV/lO  I.     Br  as  NBr  =  44-34. 
CaH404N2Br2S  requires  Br  as  NBr  =  44-41  percent. 

When  warmed  with  solutions  of  potassium  and  sodium  hydroxides, 
it  dissolves,  forming  salts  which  crystallise  out,  on  cooling  the  solutions, 
in  pale  yellow,  glittering  plates  containing  water  of  crystallisation. 
When  anhydrous, they  have  the  corapo3itionN02'C(jll4'S02[K,Na]!NBr, 
and  decompose  explosively  when  heated. 
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2-Nitrololtten»-p-»ulpkondibroinoainid4f 
80,-NBr, 

This  dibromoamide  was  prepai-ed  exatrtly  a;i  thu  precediug  compound, 
which  it  closely  resembleti  in  solubility  and  propertiac».  It  crystalUiies 
from  boiling  chloroform,  in  which  it  is  sparingly  soluble,  in  short, 
orange-coloured,  four-sided,  transparent  prismit ;  these  melt  with 
decomjiosition  at  H2 — H3\ 

0-8035  liberated  I  =  85-4  cc  /T/IG  I.     Br  as  NBr-  42-49. 
C^HisO^N^Br^  requires  Br  as  NBr  =  42  74  per  eeot. 

When  heated  quickly  to  a  high  temperature,  it  decomposes  explo* 
sively  ;  it  dissolves  in  a  solution  of  sodium  or  potassium  hydroxide, 
forming  suits  of  the  mouobromoamide,  which  crystallise  in  pale  yellow 
pliites. 

Btnzeru-m-ditulpkimtiifnhromommidMt  CfHf(80j*NBr,)y 

This  compound  was  first  prepared  with  some  difficulty  by  Hooga. 
weiff  and  van  Dorp  (Bee.  Trav.  Chim.,  1889,  8,  173)  by  adding  a  dilute 
solution  of  silver  nitrate  to  a  complex  salt,  which  they  obtained  as  a 
yellow  precipitate  on  adding  acetic  acid  to  a  solution  of  benBene'»i»-di- 
sulphonamide  in  alkaline  potassium  hypobromite.  It  also  can  be 
prepared  quantitatively  and  with  the  greatest  ease  by  the  action  of  a 
solution  of  hypobromuus  acid  on  the  amide.  On  adding  a  saturated 
aqueous  solution  of  benzene-fiMiisulphonamide  to  an  excess  of  a  well 
cooled  solution  of  hypobromous  acid,  benzene-t/Mlisulphontetrabromo- 
umide  separates  almost  at  once  as  an  oi-ange-yellow,  crystalline  powder, 
which  can  be  Altered  off,  washed,  and  dried,  first  by  pressing  between 
filter  paper,  and  finally  over  phosphoric  oxide  in  a  vacuum.  The 
following  analysis  of  a  specimen  so  prepared  shows  that  it  is  perfectly 
pure. 

0-3370  liberated  I  =  48-8  X/10  I.     Br  as  NBr  =  57-89. 

Cgll^O^XjBriS.j  requires  Br  a^  NBr  =  57  93  per  cent. 

The  compound  may  be  recrystallised  from  chloroform.  In  which  it  is 
spai-ingly  soluble. 


N   2 
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Naj)hthalene-2-sulphondibromoamide, 


This  compound  crystallises  from  warm  chloroform,  on  adding  a  little 
light  petroleum,  in  deep  orange-coloured,  four-sided  plates.  It  melts 
with  decomposition  and  evolution  of  gas  at  90 — 95°. 

0-3550  liberated  I  =  38-6  c.c.  .V/10  I.     Br  as  NBr  =  43-47. 
CjoHyOgNBrgS  requires  Br  as  NBr  =  43-80  per  cent. 

It  dissolves  in  warm  solutions  of  potassium  and  sodium  hydroxides, 
forming  salts  of  the  monobromoamide  which  crystallise  in  small,  pale 
yellow  plates. 

Aryhvlphonalkylhromoamides. 

The  sulphonalkylbromoamides  are  very  easily  prepared  by  shak- 
ing a  chloroform  solution  of  the  sulphonalkylamide  with  an  excess 
of  an  aqueous  solution  of  hypobromous  acid  and  proceeding  as  before 
described.  The  presence  of  free  bromine  is  best  avoided,  and  when 
preparing  compounds  containing  ethyl  or  benzyl  a  little  precipi- 
tated mercuric  oxide  may  with  advantage  be  added  to  the  solution  of 
hypobromous  acid,  the  chloroform  solution  of  the  bromoamide  being 
filtered  from  this  at  the  pump  previous  to  separating  and  drying. 
It  is  also  generally  advisable  to  ensure  the  complete  conver- 
sion of  the  amide  by  shaking  a  second  time  for  a  few  minutes  with 
freshly  prepared  hypobromous  acid.  A  number  of  typical  compounds 
have  been  prepared.  The  methyl  compounds  are  the  most  stable  and 
may  be  kept  for  a  long  time  unchanged  ;  the  benzyl  derivatives,  on 
the  other  hand,  rapidly  decompose,  even  over  phosphoric  oxide,  and 
when  light  is  excluded.  On  heating  strongly  above  their  melting 
points,  they  all  decompose  with  reddening  and  evolution  of  gas. 

BemeneavlphomMthylhromoamide,  CgHg* SO^ •  N Br •  C Hg.  — This  com- 
pound is  sparingly  soluble  in  chloroform  ;  it  crystallises  in  beautifully 
brilliant,  transparent,  pale  yellow  plates,  which  appear  to  be  flattened 
rhombs  (m.  p.  107°). 

0-5338  liberated  1-42-7  c.c.  i\^/10  I.     Br  as  NBr  =  31-98. 
CyHgOjNBrS  requires  Br  as  NBr-31-97  per  cent. 

B«nz«ne8tUphonbenzi/lbromoamide,  CgHj-SOj'NBr'CHg'CgHj. — This 
compound  crystalliseK  in  clusters  of  very  pale  yellow,  four-sided  prisms 
(m.  p.  104''').  On  heating  above  its  molting  point,  it  decomposes  with 
reddening  and  efforvoucunco  at  about  140". 


DERIVATIVES   OF  THE   SULPHON AMIDES,  169 

0-3805  liberated  I  =  234  c.c.  ^yiO  I.     Br  as  NBr  =  24-59. 
Gi3Hi.p2NBrS  requires  Br  as  NBr  =  24-52  per  cent. 

It  slowly  decomposes,  even  when  kept  excluded  from  the  light  iu  a 
dry  atmosphere.  To  gain  a  rough  idea  of  the  rapidity  of  this  change, 
a  quantity  of  the  pure  compound  was  placed  in  a  desiccator  over  phos- 
phoric oxide.  After  two  days,  it  had  obviously  slightly  decomposed,  a 
smell  re.sembling  benzaldehyde  was  noticed,  and  on  analysis  the 
percentage  of  Br  as  NBr  was  found  to  be  24*05  per  cent. 

Toluene-i^-8xdphoninethylbromoamide,  CHg'CjH^'fcJOj'NBr'C'Hj. — This 
compound  crystallises  from  warm  chloroform  on  adding  a  little 
petroleum  in  pale  yoUow,  apparently  four-sided  prisms  (m.  p.  112°). 
When  heated  above  its  melting  point,  it  decomposes  with  reddening 
and  effervescence  at  about  160°. 

0  4810  liberated  I  =  36-6  c.c.  iV/lO  I.     Br  as  NBr  -  30-42. 
CgHioC^NBrS  requires  Br  as  NBr  =  30-27  per  cent. 

Tolueae-'^aulphonethylbramoam  ide,  CHj'C,H^*SOj*N  Br'CjHj.  — This 
compound  crystallises  in  bright  yellow,  glittering,  transparent,  four- 
sided  prisms  (m.  p.  113"^).  On  heating  further,  it  decomposes  with 
reddening  and  evolution  of  gas  at  about  150°. 

0-4856  liberated  I  =  351  c.c.  .V/IO  I.     Br  as  NBr  =  28-89. 
CyHjjOjNBrS  requires  Br  as  NBr  =  28-74  per  cent. 

Toluene-p-stUphonbenzylbronioamide,    CHg'C^H^'SOj'NBr'CHj'C^Hj. 

— This  compound  forms  clusters  of  transparent,  four-sided,  rhombic 
plates,  having  an  exceedingly  pale  yellow  colour  ]  its  solution  in 
chloroform  is,  however,  distinctly  yellow.  It  melts  at  149°.  On  heat- 
ing a  few  degrees  higher  to  about  156°,  it  decomposes  with  redden- 
ing and  evolution  of  gas. 

0-6705  liberated  I  =  39-4  c.c.  .AyiO  I.     Br  as  NBr  =  2349. 
^u^uOoNBrS  requires  Br  as  NBr  =  23-50  per  cent. 

NUrobenzene-vixsulphonmethylbromoamide, 
SOj-NBr-CH, 

I      'no 

— This  compound  crystallises  from  chloroform,  in  which  it  is  moderately 
soluble,  in  transparent,  pale  yellow,  four-sided  rhombic  plates  (m.  p. 
149°).  When  heated  strongly,  it  decomposes  with  reddening  and 
evolution  of  gas  about  180^. 

0-4923  liberated  I  =  332  c.c.  iV/lO  I.     Br  as  NBr  =  26-96. 
C^H-O^NjBrS  requires  Br  as  NBr  =  2709  per  cent. 
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Nitrobemene-va.-sulpho7ibenz7/lbromoamide, 

— This  compound  is  moderately  soluble  in  warm  chloroform,  forming  a 
distinctly  yellow  solution,  from  which  it  crystallises  in  clusters  of  very 
slender  prisms  having  a  faint  yellow  colour  ;  it  melts  at  147°. 

0-3959  liberated  1  =  21-4  c.c.  A710  I.     Br  as  NBr  =  21-61. 
CigHj^O^NgBrS  requires  Br  as  N  Br  =  21-54  per  cent. 

^-Nitrotoluene-T^-svlphonmethylhromoamide, 
SOo-NBr-CHg 


CH3 

— This  substance'  crystallises  from  warm  chloroform,  in  which  it  is 
moderately  soluble,  in  yellow,  transparent,  short,  six-sided  prisms ;  it 
melts  at  117°.  When  heated  further  it  darkens,  becomes  red,  and 
decomposes  with  evolution  of  gas  at  about  180°,  as  does  also  the  ethyl 
compound. 

0-5158  liberated  1  =  33-2  c.c.  i\7lO  I.     Br  as  NBr  =  25-73. 
CgHgO^NjBrS  requires  Br  as  NBr  =  25-86  per  cent. 

2-Nitrotoltiene-'p-8ulphonelhylbromoamide, 

NOg-CgHgMe-SO.-NBr-CoHj. 
— ^This  compound    crystallises  in  glittering,  transparent,  pale  yellow 
rhombs  (m.  p.  96°). 

0-5774  liberated  1  =  35-9  c.c.  i\^/10  I.     Br  as  NBr  =  24-86. 
CoHiiO^NgBrS  requires  Br  as  NBr  =  2474  per  cent. 

2-Nitrotoluene-'p-8ulpho7ibenzi/lbrom,oarnide, 

NO/CflHaMe-SOa-NBr-CHj-CnHs. 
— This   compound   crystallises  from   chloroform,  in  which  it  is  only 
Hparingly  soluble,  in  clusters  of  extremely  slender,  flattened  prisms, 
having  a  very  faint  yellow  colour  (m.  p.  151°). 

0-4421  liberated  I -23-1  c.c.  N/iO  I.     Br  as  NBr  =  20-89. 
Cj^H^O^NjBrS  requires  Br  as  NBr  =  20-76  per  cent. 
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SOo-NBr-CH, 
[      IsOj-NBr-CH, 

— This  compound  crystallises  from  chloroform,  in  which  it  is  sparingly 
soluble,  in  very  pale  yellow,  four-sided  plates. 

0-3744  liberated  I=.35'3  c.c.  AVIO  I.     Br  a«  NBr=  3769. 
CgHioO^NjBrjSj  requires  Br  as  NBr-37'87  per  cent. 

It  melts  at  1 76°  with  slight  reddening ;  if  maintained  at  this 
temperature  for  a  few  seconds,  or  Iieated  a  few  degrees  higher,  it 
decomposes,  becoming  deep  red  in  colour  and  liberating  bubbles  (tf 
gas. 

Various  reactions  of  the  sulphondibromoamides  and  of  the  sulphon- 
alkylbromoamides  are  being  studied. 

The  author's  thanks  are  due  to  the  Government  Grant  Qommittee 
of  the  Royal  Society  for  a  gi'aut  in  aid  of  the  work  described  in  this 
paper,  and  to  A.  Gordon  Salamun,  Esq.,  for  the  gift  of  a  large  quan- 
tity of  pure  toluene-o-  and  -p-sulphonic  chlorides. 

St.  BAurHOLOMRw's  Hosvital  and  Collbgk,  E.C. 


XX. — Theory  of  the    Production   of  Mercurous  Nitnte 
and  of  its  Conversion  into  Various  Mercury  Nitrates. 

By  Prafulla  Chandba  Ray. 

Wh£N  mercury  and  dilute  nitric  acid  are  left  together  for  a  long  time, 
the  following  salts  may  form:  (1)  Hg,(NOj)j,  (2)  Hg(N02)2,  (3) 
Hg,(N0,).,,2H.p,  (4)  H0-Hg,.N05,  (5)  Hg;(N03).„H0-Hg,N0„    " 

(6)  Hg,(N03),.4HO-Hgp>'03, 
(7)  HgO,2HO-Hg,N03,  (8)  HgO,HO-HgNO„HO-Hg,N03, 

(9)  Hg(N0,)2,aq., 
(10)  HO'HgNOg.  Some  of  these  have  not,  indeed,  been  isolated  in 
this  way,  but  doubtless  exist  in  the  solution.  Analyses  of  the  mother 
liquors  of  mercui-ous  nitrite  (1)  and  of  the  hydroxy-mercurosic  nitrates 
(7  and  8)  indicate  that,  throughout  the  successive  production  of  the 
salts  just  enumerated,  it  is  mercurous  nitrite  which  gives  rise  to  the 
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production  of,  first,  normal  mercurous  nitrate  (3),  then  the  hydroxy- 
mercurous  salts  (4,  5  and  6),  and,  lastly,  the  mercurosic  (7  and  8) 
and  mercuric  salts  (9  and  10). 

(1)  Afercurous  Nitrite,  Hg2(N02)2  (Trans.,  1897,  71,  337).— When 
mercury  is  covered  with  nitric  acid  (sp.  gr.  1  "11/15°)  to  a  depth  of 
10  cm.  at  30 — 35°,  the  bright  yellow  mercurous  nitrite  soon  begins  to 
crystallise,  generally  as  a  crust  over  the  mercury,  but  sometimes  in 
separate  large  crystals.  The  whole  may  be  left  undisturbed  for  about 
50  hours  without  the  crystals  showing  erosion.  Very  little  nitric 
oxide  forms  on  the  mercury  and  even  that  is  soon  absorbed  by  the 
solution.  In  24  hours,  the  solution  just  over  the  mercury  has  attained 
a  sp.  gr.  of  1*6 — 1*7,  whilst  at  the  surface  its  sp,  gr.  is  hardly  altered, 
scarcely  any  mercury  salts  being  present. 

The  following  mode  of  procedure  was  adopted  in  collecting  for 
analysis  the  mother  liquor  of  mercurous  nitrite  immediately  in  con- 
tact with  the  mercury.  About  340  grams  of  mercury  were  put  into  a 
tall  beaker,  10  cm.  in  diameter,  on  the  bottom  of  which  they  formed 
a  crescentic  or  annular  pool.  A  mixture  of  600  c.c.  of  water  and 
150  c.c.  of  nitric  acid  (sp.  gr.  1  "43/15°)  was  added  and  gave  a  depth  of 
dilute  acid  of  10  cm.  The  yield  of  mercurous  nitrite  was  about 
16  grams  in  24  hours.  In  a  broader  vessel,  using  the  same  quantity 
of  dilute  acid,  which  then  had  a  depth  of  only  5  cm.,  about  one-third 
less  nitrite  per  unit  surface  of  mercury  was  obtained  in  the  same 
time.  The  mother  liquor  was  slowly  and  steadily  withdrawn  for 
analysis  by  means  of  a  graduated  pipette  held  against  the  bottom  of 
the  beaker,  where  it  was  not  covered  by  the  mercury.  Total  nitrogen 
was  estimated  by  the  Crum-Frankland  process,  and  nitritic  nitrogen  by 
the  interaction  with  urea,  following  P.  F.  Frankland's  method.  One  c.c. 
of  solution  was  mixed  with  excess  of  pure  sodium  hydroxide,  heated  to 
boiling,  and,  after  cooling,  made  up  with  water  to  100  c.c.  Of  the 
solution,  clarified  by  standing  or  filtration,  aliquot  portions  were  taken 
for  the  nitrogen  determinations.  The  mercury  of  the  mercurous  salts 
was  weighed  as  chloride  and  the  rest  as  sulphide.  The  results  are 
shown  in  the  table  on  p.  173. 

A'otes  to  the  7\ihulated  liesulta. — la  is  slightly  abnormal,*  Ya,  red 
nitric  acid  was  used ;  Via,  some  mercurous  nitrite  was  added  at  the 
beginning;  VII,  VIII,  and  IX,  stoppered  bottles  were  employed  in 
place  of  covered  beakers ;  V  and  IX  diifered  only  as  to  temperature. 

MercuroiiH  nitrite  is  the  product  of  the  combined  action  of  nitrous 
and  nitric  acids  on  mercury:  2Hg -H  NO./H +  HO•NOJ'=Hg2(N02)2  + 
H20.  Borne  of  the  nitrite  is  decomposed  by  the  nitric  acid,  the  quantity 
of  nitrous  acid  thus  rapidly  growing,  until  mercurous  nitrite  and  nitrate 
are  accumulating  in  molecular  proportions.  From  this  time,  the 
•  The  acid  uuod  was  evidently  ii  little  Htioii^cr  tliuii  in  other  oxporimonts. 
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nitrous  acid  in  the  solution  remains  constant  in  quantity.  It  has 
become  the  catalytic  agent  between  the  nitric  acid  and  the  mercury, 
which  now  interact  in  the  following  manner :  4Hg  +  4I1N0,  = 
iIg2(N02)j  +  Hg./N05), -l-2HjO.  In  accordance  with  this  equation,  it 
will  be  seen  that  in  Expt.  I  there  were  25  mols.  of  nitrite  to  26  of 
nitiivte,  and  in  la  28  to  2-4-5.  In  Expt.  II  there  were  23  mols.  of 
nitrite  to  30  of  nitrate,  showing  a  falling  off  of  nitrite,  and  after  that 
a  still  greater  decrease.  At  lower  temperatures,  the  effects  of  diffusion 
and  crystallisation  were  enough  to  mask  the  equal  production  of  nitrite 
and  nitrate. 

An  interesting  point,  deducible  from  the  composition  of  the  mother 
liquor,  is  that  of  the  rapid  diffusion  of  the  nitric  acid  into  the  layer  of 
solution  next  to  the  mercury.  In  every  case,  the  proportion  of  nitro- 
gen to  water  in  the  solution  next  to  the  mercury  was  found  to  exceed 
that  in  the  dilute  acid  used,  notwithstanding  the  fact  that  the  solution 
liad  already  parted  with  much  nitrogen  in  the  form  of  mercurous 
nitrita  This  was  most  striking  in  the  experiments  at  35^.  The  ratio 
of  niti-atic  to  nitritic  nitrogen  is  also  remarkable,  being  just  4  at 
22 — 23°,  and  not  less  than  3  at  other  temperatures. 

(2)  Mercuric  yUrite. — When  mercurous  nitrite  is  dissolved  in  hot 


174      RAY  :  THEORY  OF  THE  PRODUCTION  OF  MERCtfROtJS  NITRITE 

water,  about  20  per  cent,  of  it  is  resolved  into  mercuric  nitrite  and 
mercury  (Trans.,  1897,  71,  340).  When  dissolved  in  its  nitrate  mother 
liquor,  it  will  behave  similarly,  except  that  mercury,  instead  of  being 
set  free,  will  now  occur  as  mercuric  salt  in  presence  of  the  nitrous  and 
nitric  acids,  Hg2(N02)2  +  HNOg  +  HNO3  =  2Hg{N02)2  +  H^O.  The  pre- 
sence of  mercuric  salts  in  the  solution  is  thus  explained. 

(3)  Normal  Mercurous  Nitrate. — ^When  the  nitric  acid  used  is  of 
sp.  gr.  1'135 — 1*14  instead  of  only  I'll,  small,  soft  crystals  appear  in 
one  or  two  days,  along  with  those  of  mercurous  nitrite,  but  soon  give 
place  either  to  a  crystalline  crust  or  to  large,  isolated  crystals  of 
Hg2(N03)2,2H20.  The  stronger  acid  has,  in  this  case,  converted  more 
of  the  nitrite  into  nitrate. 

(4,  5  and  6)  IVie  Hydroxy-mercurous  Nitrates:  HO*Hg2N03  and  Marig- 
nac's  Two  Salts  Hg2(N03)2,HO'Hg2N03  and  Hg2(N03)2,4HO-Hg2N03.— 
Mercurous  nitrite,  by  changing  into  mercuric  nitrite,  also  becomes  the 
source  of  the  hydroxide  of  the  basic  mercurous  nitrates,  for  mercuric 
nitrite  is  readily  hydrolysed  into  basic  salt  (Trans.,  1904,  85,  523). 
Acting  on  mercurous  nitrate,  this  hydroxy-mercuric  nitrite  becomes 
mercurous  nitrite  again  and  hydroxy-mercuric  nitrate  (10),  while  there 
is  a  slow  escape  of  nitric  oxide  from  the  hydrolysing  mercuric  nitrite. 
So  long  as  any  mercury  remains,  the  hydroxy  mercuric  nitrate 
combines  with  it  as  hydroxy-mercurous  nitrate  (4).  Omitting  inter- 
mediate stages,  the  result  may  be  formulated  as  2Hg2(N03)2  +  3IIg  + 
Hg(N02)2  +  2H20  =  4HO'Hg2N03  +  2NO.  But  the  hemihydroxy-salt 
(4)  separates  out  only  in  combination  with  normal  nitrate.  In  the 
course  of  several  weeks,  all  the  mercurous  nitrite  disappears  and  large 
crystals  of  the  5/3-hydroxy-mercurous  nitrate  (6)  are  deposited.  Where 
the  temperature  is  not  much  above  22°,  these  crystals  are  for  a  time 
accompanied  or  preceded  by  those  of  the  4/3-hydroxy-mercurous 
nitrate  (5),  either  as  elongated  tables  and  prisms  or  looking  like 
glass  wool.  But  this  salt  is  ultimately  all  replaced  by  the 
5/3-salt  (6). 

(7  and  8)  a-  and  fi-IIydroxy-mercurosic  Nitrates. — Both  salts  were  partly 
described  in  the  1897  paper  (Trans.,  loc.  cit.),  but  were  there  repre- 
sented na  being  basic  nitrites.  The  a-hydroxy-mercurosic  nitrate, 
Hg"0,2HO'Hg2NOg,  occurring  in  orange-yellow,  hard,  apparently 
crystalline  nodule.s,  is  a  new  salt.     The  /S-salt  (8), 

J  lg"(  ),HO-Hg"N03,HO-Hg2NO„ 
forms  tuftn  and  star-like  aggregates  of  thin,  lomon-yollow  plates.  It 
was  mistaken  by  Ijcfort  {Coinpi.  rend.,  184.'3,  20,  1300)  for  mercurous 
nitrite,  which  it  resembles ;  its  real  nature  was  made  out  by  Gerhardt 
{Compt.  rend.,  1848,  26,  432).  Both  salts  may  be  viewed  as  nornml 
orthonitrates  (compare  Hartley,  Trans.,  1903,  83,  662).  Tiioy  are 
both  obtainable  from  the  aqueous  solution  of  mercurous  nitrite,  but 
only  the  /S-salt  from  the  solution  of  mercury  in  nitric  acid.     When 
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the  mother  liquor  of  mercurous  nitrite,  after  this  salt  has  ceased 
to  separate,  is  left  in  a  flat  dish  to  evaporate,  the  a-salt  begins 
to  appear.  Some  days  later,  the  temperature  varying  from 
22 — 25°,  the  deposition  of  this  salt  is  complete  and  the  crystal- 
lisation of  the  )8-8alt  begins.  In  about  two  weeks  from  the  time 
when  the  a-salt  appears,  the  deposition  of  the  /3-compound  is  also 
finished.  With  the  first  appearance  of  the  a-salt,  the  solution  becomes 
acid,  the  acidity  increasing  as  the  salts  separate.  Throughout  this 
period,  an  odour  of  nitrous  acid  is  observable,  arising  no  doubt  from 
aerial  oxidation  of  nitric  oxide.  After  boiling  mercurous  nitrite  with 
water,  when  nitric  oxide  freely  escapes,  its  mother  liquor  goes  much 
more  rapidly  through  the  above  changes  on  evaporating  it  at  a  gentle 
heat.  Two  analyses  of  the  solution  were  made.  Just  before  it  com- 
menced to  deposit  the  /8-salt,  it  was  found  that  to  1000  mols.  of  water 
in  the  liquid  there  were  0055  atom  of  mercury  and  0147  atom  of 
nitrogen.  The  proportions  of  the  salts  were  approximately  1  mol. 
of  mercurous  nitrite  and  5  mols.  each  of  mercuric  nitrite,  mercuric 
nitrate,  and  nitrous  acid.  In  the  final  mother  liquor  of  the  salt  were 
found,  to  1000  mols.  of  water,  0*076  atom  of  mercury  (all  mercuric) 
and  0-165  atom  of  nitrogen  (7/90th8  in  the  form  of  free  acids  and 
more  than  2/3rds  as  nitritic  nitrogen).  It  will  be  seen,  therefore, 
that  the  salt  is  deposited  so  long  as  the  proportion  of  mercurous  nitrate 
is  large  enough.  The  stability  of  mercuric  nitrite  in  the  acid  mother 
liquor  is  remarkable  ;  it  is  much  less  marked  in  abaenoe  of  acid 
(Trans.,  1904,  loc.  cit.). 

As  regards  the  formation  of  the  mercurosic  nitrates,  if  mercuric 
nitrite  were  fully  decomposed  into  mercuric  oxide  and  nitrous  anhydride 
the  result  would  be  3Hg(NO.^).,  =  4NO+ SHgO.NjOj.  But,  since 
some  of  the  mercuric  nitnite  will  interact  with  mercurous  nitrite,  also 
present,  to  regenerate  mercurous  nitrate  and  mercuric  nitrite,  the 
above  equation  may  be  re-written,  either  as  Hg(N02)2  +  2Hgj(NOj)2  = 
4NO  +  HgO,2HgjO,N,05      (anhydrous      a-salt)      or"      2Hg(N0j)',-f. 

Hg.^(NO.^).^  =  4NO-l-2HgO,Hg.20,N2^5  (anliydrous  /3-salt). 

Analyses  of  the  ^-salt  have  fully  identified  it  with  the  Lefort-Ger- 
hardt  salt.  There  is  some  difficulty  in  getting  the  a-salt  pure  ;  it  is 
liable  to  be  contaminated  either  with  mercurous  nitrite,  at  first,  or 
with  the  ^-salt  afterwards.  It  is  better  to  take  the  later-formed 
orange-coloured  nodules  of  the  salt,  since  these  can  be  brushed  clean 
from  the  brittle  /S-salt.  The  first  preparation  was  obtained  by  the 
slow  method  in  the  cold,   whilst   the   second   was   produced  by   hot 

evaporation. 

Found. 
^  ^     Calculated. 

Mercurous  mercury    0669         67'96         68"14 

Mercuric  mercxury  17'38         17*12         17*04 

Nitrogen 2*65  2*44  2*38 
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The  formation  of  y3-hydroxy-mercurosic  nitrate  from  a  solution  of 
mercuryinnitricacidofsp.gr.  I'll  or  1*2  alternates  with  that  of 
the  4/3-hydroxy-mercurous  nitrate  (p.  174).  In  warmer  weather  (35°), 
the  mercurosic  salt  is  deposited,  in  colder  (22°),  the  mercurous  salt. 
"With  change  of  temperature,  the  one  salt  dissolves  and  the  other 
separates.  To  prepare  the  mercurosic  salt,  about  345  grams  of  mercury 
and  750  c.c.  of  nitric  acid  (sp.  gr.  I'll)  are  occasionally  shaken  together 
until  no  mercury  or  mercurous  nitrite  remains.  Within  two  months, 
beautiful,  lemon-yellow  clusters  and  rosettes  of  the  y8-hydroxy -mercurosic 
nitrate  appear,  if  the  temperature  is  high  enough,  otherwise,  only  hydr- 
oxy-mercurous  nitrate  is  obtained.  When  the  solution  begins  to  yield 
the  yellow  salt,  the  nitrogen  present  in  it  is  in  the  form  of  1 1  atoms  as 
mercurous  nitrite,  18 '3  atoms  as  hemihydroxy-mercuric  nitrate  (a  soluble 
salt),  and  a  very  little  more  as  free  acids,  to  1000  mols.  of  water.  These 
proportions  are  closely  expressed  by  the  proportion  lOHO'HgNOg  to 
3Hg2(N02)2.  -After  all  the  mercurosic  nitrate  had  been  deposited,  the 
solution,  no  longer  basic,  contained,  to  1000  mols.  of  water,  9'8  atoms 
of  nitrogen  as  mercurous  nitrite  and  39 '2  atoms  as  normal  mercuric 
nitrate,  besides  a  very  little  as  free  acids  :  8Hg(NO.j2  to  Hg2(N02)2. 
The  above  solutions  were  obtained  for  analysis  in  separate  experiments, 
and  confirmatory  results  were  also  obtained  in  other  experiments.  It 
may  be  deduced  from  these  analyses  that  the  hydroxy-mercurosic 
nitrate  was  derived  exclusively  from  mercurous  nitrite  and  nitrate  in 
the  way  explained. 

The  4/3-hydroxy-mercurous  nitrate  and  the  jS-hydroxy-mercurosic 
nitrate  may  be  quickly  obtained  as  follows  :  50  grams  of  mercury  and 
75  grams  of  nitric  acid  (sp.  gr.  1*2)  are  digested  together,  at  first  in 
the  cold  and  then  at  a  gentle  heat.  After  some  time,  the  solution 
becomes  permanently  yellow  and  deposits  the  y8-hydroxy-mercurosic 
nitrate,  which  must  bo  removed  while  the  solution  is  hot,  since 
it  dissolves  when  the  solution  is  allowed  to  cool,  being  replaced 
by  the  4/3-hydroxy-mercurous  nitrate.  On  heating  the  solution, 
this  disappears,  and  the  yellow  salt  reappears.  By  repeat- 
ing th6  above  experiment  in  an  atmosphere  of  carbon  dioxide, 
it  was  found  that  air  plays  no  part  in  the  formation  of  a  mercuric 
nitrate. 

(9  and  10)  Normal  and  IFydroxy-mercuric  Nitrates. — The  occurreuce  of 
normal  mercuric  nitrate  along  with  mercuric  nitrite  in  the  final  mother 
liquor,  as  well  as  its  origin  from  mercurous  nitrite,  has  been  already 
doHcribed.  Tho  presence  of  hydroxy-mercuric  nitrate  in  the  solution 
which  deposits  /3-hydroxy-mercuro8ic  nitrate  has  also  been  pointed  out 
and  explained. 

For  assistance  in  arranging  tho  matter  in  this  paper,  the  author  is 
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deeply  indebted  to  Dr.  Edward  Divers,  F.R.S.  ;  indeed,  it  is  not  too 
uiuch  to  say  that,  but  for  his  unremitting  labour  and  ungrudging  help, 
it  could  not  have  appeared  in  its  pn'^^t-nt  sliape. 

Chemical  L.vbokatoky, 

PbESIOENCT  COLLKtiE, 

Calcuita. 


XXI. — The   Nitrites  of  the  Alkali  Metals    and   Metals 

of  the  Alkaline   Earths   and   their   Decompositiati 

by  Heat. 

By  Prafulla  Chandra  Ray. 

liarium  Nitrite. — After  I  had  completed  my  work  on  this  salt,  my 
attention  was  drawn  to  an  elaborate  paper  on  the  subject  by  Arndt 
{Zeit.  anorg.  Cliem.,  1901,  27,  341),  which  also  contains  a  full  historical 
suuuaary.  1  shall  thei*efore  confine  myself  to  such  information  as  ia 
supplementary  to  this  author's  statements. 

I  am  in  a  position  to  confirm  Arndt  as  regards  his  inability  to 
obtain  pure  barium  nitrite  by  N.  W.  Fischer's  method.  Repeated 
crystallisations  from  alcohol  gave  a  pi-oduct  which  was  always  con- 
taminated with  10  to  12  per  cent,  of  the  nitrate. 

Barium  nitrite  was  therefore  prepared  by  double  decomposition 
between  silver  nitrite  and  barium  chloride  in  molecular  proportions. 
As  a  solution  of  this  salt  has  been  found  to  be  perfectly  stable  when 
heated  to  boiling  or  evaporated  on  the  vrater-batb,  the  precautions 
adopted  in  the  case  of  the  preparation  of  mercuric  nitrite  (Trans.,  1904, 
85,  523)  were  quite  unnecessary.  Hot  saturated  solutions  of  the 
components  were  mixed  together  and  vigorously  agitated  in  a  stoppered 
bottle  in  order  to  bring  about  the  coagulation  of  silver  chloride,  the 
clear  filtrate  was  evaporated  nearly  to  dryness  and  allowed  to  crystal- 
lise, when  clusters  of  glistening,  faintly  yellow  needles  slowly  separated  ; 
these  were  pressed  between  folds  of  blotting  paper  and  analysed  in  the 
usual  way. 

Found  Ba  =  55-42  ;  Ba(N0j)o,H.30  requires  Ba  =  55-46  per  cent. 

If  the  evaporation  of  the  solution  is  earned  further  either  on  the 
water-bath  or  under  diminished  pressure  over  sulphuric  acid,  an 
efflorescent,  white,  granular  mass  is  obtained.  The  whole  of  the  water 
of  crystallisation  cannot  be  driven  off  even  if  the  salt  be  powdered 
finely   and   dried    in   the   steam   oven.      A   sample  thus  dried   gave 
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Ba  =  58"91  per  cent.,  the  calculated  amount  for  Ba(N02)2  being  59'8, 
whilst  that  for  Ba(N02)2,^H20  is  57*56  per  cent.  Arndt's  product,  a 
"snow-white  powder,"  was  probably  slightly  dehydrated  by  the 
absolute  alcohol  used  in  its  production,  and  this  may  account  for  the 
white,  powdery  appearance ;  his  analysis  also  would  seem  to  bear  this 
out,  as  he  found  Ba=!5  56*86  per  cent. 

Calcium  Nitrite, — This  salt  was  prepared  in  a  manner  similar  to  that 
employed  for  its  barium  analogue.  The  solution  could  be  evaporated 
on  the  water^bath  without  the  salt  becoming  either  decomposed  or 
partially  converted  into  nitrate.  Owing  to  its  highly  deliquescent 
character,  considerable  difficulty  was  experienced  in  obtaining  the  salt 
in  a  form  fit  for  analysis.  When  the  concentrated  solution  was  kept 
in  a  desiccator  a  yellow,  pasty,  crystalline  mass  was  secured,  which 
was  found  to  contain  rather  more  water  than  that  i-equired  by  the 
formula  Ca(N02)2)H2^-  When  it  was  allowed  to  remain  longer  in  the 
desiccator,  the  salt  rapidly  effloresced  and  ultimately  turned  into  a  hard 
lump,  which  did  not  lose  in  weight  when  heated  on  the  water-bath ;  it 
gave  off  moisture,  however,  when  heated  in  a  bulb-tube,  and  yielded 
27-03  per  cent,  of  calcium,  the  theory  for  Ca(]Sr02)2,|H20  being  28-37. 
It  is  thus  very  probable  that  a  semi-hydrated  stable  salt  actually 
exists.  The  behaviour  of  the  barium  salt  also  points  to  the  same 
conclusion. 

Potassium  and  Sodium  Nitrites. — These  compounds  were  also  prepared 
by  double  decomposition  between  silver  nitrite  and  the  respective 
chlorides.  As  already  pointed  out  by  Divers  (Trans.,  1899,  75,  86), 
solutions  of  the  alkali  nitrites  can  safely  be  evaporated  on  the  water- 
bath.  The  nitrites  were  found  to  be  free  from  nitrates.  According 
to  Lang  (J.  j)r.  Chem.,  1862,  86,  296),  potassium  nitrite  crystallises 
with  one  molecule  of  water,  whilst  Divers  found  his  crystals  to  be 
perfectly  anhydrous.  My  own  analyses  go  to  confirm  the  latter 
chemist.  I  picked  out  small  crystals,  which  were  powdered  and 
pressed  between  folds  of  blotting  paper.  An  analysis  gave  1*8  and 
44*94  per  cent,  of  moisture  and  potassium  respectively,  the  calculated 
value  for  potassium  nitrite  being  45  88. 

Magnesium  Nitrite. — An  aqueous  solution  of  this  salt  was  prepared 
by  double  decomposition  between  barium  nitrite  and  magnesium 
sulphate  ;  it  could  not,  however,  be  evaporated  on  the  water-bath,  as  it 
was  found  that  nitric  oxide  was  evolved  with  consequent  formation 
of  a  basic  nitrate.  The  solution  was  therefore  concentrated  under 
diminished  pressure  over  sulpliuric  acid,  when  a  crystalline,  very  faint 
yellow  crust  was  obtained,  which  was  pressed  between  folds  of  blotting 
paper  in  order  to  remove  tlie  adhering  inother-licjuor.  Tlie  .substance 
dissolved  to  a  clear  solution,  and,  on  analysis,  gavo  Mg— 1472  ;  tho 
/ormula  Mg(N02)2,3H20  required  Mg  =  14*12  per  cent. 
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If  this  salt,  insteail  of  being  removed  at  the  above  stage,  is  allowed 
to  remain  in  the  desiccator,  it  loses  its  lustre,  and  is  converted  into  a 
hard,  efflorescent,  white  mass.  As  the  exact  composition  of  this  sub- 
stance has  been  a  matter  of  some  controversy,  three  distinct  prepara- 
tions were  undertaken,  the  pro{)erties  and  the  analyses  of  which  are 
given  below. 

lat  Preparation. — In  this  case,  complete  solution  of  the  substance 
in  water  was  not  obtained,  but  there  was  a  slight  residue  :  0'345  gave 
0-238  Mg.P^O^  from  the  soluble,  and  0  0115  Mg,P,0,  from  the  insoluble 
portions;  whence  Mg=«1492  and  0-73  per  cent,  respectively,  the 
theoretical  value  for  Mg(N0Jj,2H,0  being  15-78. 

2nd  Preparation. — The  substance  dissolved  with  a  faint  opaleeoepee. 
Analysis  gave  Mg«  16-30;  N»  18*46;  the  calculated  values  being 
Mg^  1578,  N  —  18-42  per  cent,  respectively. 

Srd  Preparation. — The  salt  dissolved  just  as  above,  and  gave 
Mg=  16-27  per  cent. 

The  nitrogen,  as  estimated  by  the  Crum-Frankland  method,  was  the 
same  in  amount  as  when  measured  by  the  "  urea"  jurooeis. 

Magnesium  nitrite,  like  the  foregoing  nitrites,  is  a  deliquescent  salt ; 
it  crystallises  with  3  mols.  of  water,  of  which  it  loees  only  1  mol.  if 
it  is  not  removed  from  the  desiccator  at  this  stage.  The  dehydration 
cannot  be  carried  further,  and  in  this  form  it  has  been  found  to  be 
stable,  whereas  the  crystalline  salt,  when  it  is  stored  in  a  stoppered 
buttle,  slowly  decomposes,  evolving  nitrous  fumes.  In  this  respect, 
magnesium  nitritt'  Ix^rs  a  mark»^l  analogy  to  mercuric  nitrite  (Trans., 
1904,  86.  524). 

It  is  thus  evideui  that  the  experiences  of  Lang,  who  analysed  only 
the  crystalline  variety  {J.  pr.  Chem.,  loe.  eit.),  and  of  Hampe,  who 
examined  it  in  the  dehydrated  form  only  {AnnaUnt  1863,  125,  334), 
are  fully  borne  out,  whereas  Vogel  {Zeit.  anorg.  Chem.,  1903,  35,  398) 
appears  to  be  partially  correct  when  he  states  that  the  salt,  when 
dehydrated  as  above,  undergoes  slight  decomposition  like  the  chloride. 

Divers  has  already  drawn  attention  to  the  fact  that  a  solution 
of  the  alkali  nitrites  can  safely  be  evaporated  even  at  the  boiling 
temperature  without  decomposing  or  oxidising  it  (Trans.,  1900,  75, 
86).  Not  only  has  this  observation  been  found  to  hold  good  as  regards 
the  sodium  and  potassium  nitrites,  but  it  can  be  extended  equally  to 
solutions  of  barium  and  calcium  nitrites.  It  is  often  stated  that 
a  solution  of  sodium  nitrite  gradually  absorbs  oxygen  from  the  air.*  I 
have,  however,  allowed  solutions  of  this  compound  to  evaporate  spon- 
taneously in  a  flat  dish  for  two  months  at  temperatures  varying  from 
25*^  to  30^,  and  have  tested  them  from  time  to  time  without  being 
able  to  detect  any  appreciable  oxidation  to  the  nitrate.  Even  the 
*  "Nimmt  langsam  in  Losuug  Sauerstoff  auf "  (Lang,  loc.  eii.,  p.  '296). 
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crystalline  crust  which  was  deposited  has  been  found  to  be  a  pure 
nitrite.  Sodium  and  potassium  nitrites  are  distinctly,  although 
faintly,  yellow,  and  give  markedly  yellow  concentrated  aqueous  solu- 
tions (compare  Divers,  Proc,  1900,  16,  70). 

Both  Arndt  and  Yogel  agree  in  stating  that  a  concentrated 
solution  of  barium  nitrite  has  a  yellow  tint,  whilst  the  latter  also 
makes  the  same  observation  with  regard  to  calcium  nitrite  solution ; 
bmt  these  chemists  seem  not  to  have  noticed  that  these  nitrites  in  the 
solid  form  also  have  a  distinct  pale  yellow  colour.  They  prepared  the 
salts  by  precipitation  from  concentrated  solution  by  alcohol,  and  thus 
obtained  them  as  "white  powders,"  but  this  appearance  was  probably 
due  to  the  fine  state  of  division  in  which  these  compounds  were  pro- 
duced. 

Summarising  the  results,  it  may  be  laid  down  that,  in  the  first  and 
second  groups  of  the  pei-iodic  system,  the  higher  the  atomic  weight  of 
the  element  the  more  pronounced  is  the  colour  of  its  nitrites.  Mer- 
curous  nitrite  stands  at  the  head  of  the  series,  being  markedly  yellow, 
while  silver  nitrite  occupies  an  intermediate  position  between  this 
compound  and  the  nitrites  of  sodium  and  potassium.  In  the  second 
group  also,  although  the  colour  is  much  less  developed  than  in  the 
first,  barium  nitrite  stands  at  the  head  of  the  series,  calcium  nitrite 
comes  next,  whilst  magnesium  nitrite  occupies  the  lowest  place.* 

As  regards  stability  also,  magnesium  nitrite  ranks  lowest  in  position 
in  the  present  series.  This  might  be  expected  from  th  feebly  basic 
properties  of  the  magnesium  oxide ;  in  fact,  this  element  forms  a 
connecting  link,  as  it  were,  between  barium,  strontium,  and  calcium 
on  the  one  hand,  and  cadmium  and  zinc  on  the  other. 

A  dilute  solution  of  magnesium  nitrite  was  kept  for  six  months  in  a 
stoppered  bottle,  which  was  opened  from  time  to  time ;  the  salt  was 
found  to  remain  perfectly  stable.  The  solution,  however,  cannot  be 
evaporated  on  the  water-bath,  as  it  undergoes  partial  decomposition, 
even  at  60°,  with  evolution  of  nitric  oxide. 

Decomposition    of  the  Nitrites  by   Heat  [with    Atul   Chandra 

GaSguli,  B.A.]. 

The  substance  was  placed  in  a  combustion  tube  of  Jeua  glass 
which  was  attached  to  a  glass  spiral,  1 J  metres  in  length,  packed  close 

•  Strictly  sptiakiiig,  mercury  occupicH  a  two-fold  position  in  the  Periodic  System. 
On  accoTUit  of  tlio  close  similarity  in  properties  between  mercurous  nitrite  and  its 
silver  analogue,  as  has  been  pointed  out  in  some  of  my  previous  communications, 
these  two  metals  should  be  placed  side  by  side.  Hut  mercuric  nitrite,  m\  the  other 
hand,  strongly  resembles  magnesium  nitrite,  justifying  the  position  assigned  to  it 
by  Mc'udcldef,  and  it  is  interesting  to  note  that  it  has  a  pale  yellow  colour,  more 
pronounced  than  that  of  the  barium  compound. 
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with  glass  beads  which  had  been  previouBly  soaked  in  a  strong  caustic 
potash  solution  free  from  nitrite  or  niti-ate.  The  apparatus,  which  in 
fact  was  a  modified  and  improved  form  of  that  used  in  a  similar 
experiment  with  mercuric  nitrite  (Trans.,  1904,  85,  525),  was  then 
exhausted  with  the  aid  of  the  mercury  pump.  The  heating  was  effected 
with  a  Bunsen  burner  in  two  distinct  stages,  which  are  termed  the 
'*  initial  "  and  the  "  final  "  stages  respectively.  In  the  first  sta^ 
the  salt  was  heated  slowly  aad  gently  for  about  15  minutes,  kespins 
the  temperature,  as  far  as  practicable,  a  little  above  the  fusion  point ; 
for  instance,  in  the  case  of  the  barium  nitrite,  the  temperature  was 
between  250°  and  300°,  the  melting  point  of  this  salt  being  about 
220°  (Arndt).  At  the  end  of  the  operation,  the  temperature  was  much 
lowered,  so  that  no  more  gas  was  evolved.  In  the  second  stage,  a  far 
stronger  heat  was  applied,  the  temperature  rising  to  450°  and  500°.  The 
gases  which  were  absorbed  by  the  caustic  potash,  either  as  nitrite  or 
nitrate  or  both,  were  analysed,  as  were  also  those  which  collected  in 
the  reservoir  of  the  mercury  pump. 

Barium  Nitrite. — Expt.  L  The  substance  (0*341  gram)  turned  dis- 
tinctly yellow  and  remained  so  as  long  as  the  heating  was  continued 
and  effervesced  with  intumescence.  No  nitrous  fumes  were  noticed  ; 
the  gas  consisted  of  19'2  c.c.  of  nitric  oxide*  and  5*0  c.c.  of  nitrogen. 
Besides  baryta,  the  i*esidue  contained  a  mixture  of  nitrate  and  nitrite, 
the  total  nitrogen  being  210  c.c,  of  which  13*3  c.c.  was  in  the  form 
of  nitrite.  The  caustic  potash  of  the  glass  beads  yielded  1*8  c.c.  of 
nitrogen  in  the  form  of  pure  nitrite. 

The  sum  total  of  nitrogen  in  the  salt  (in  the  moist  state)  at  33°  and 
752  mm.  was  thus  made  up  of  the  following:  as  gas,  14'6  c.c.  ;  in 
the  residue,  21*0  c.c.  ;  in  the  caustic  potash,  1*8  c.c. ;  the  total  being 
37 "4  c.c,  whence  the  nitrogen  found  was  0*0397,  the  calculated 
amount  being  0040.  It  would  thus  appear  that  the  method  of 
analysis  was  fairly  trustworthy,  and  that  nearly  25  per  cent,  of  the 
nitrogen  in  the  salt  was  given  off  as  nitric  oxide.  The  ratio  in 
volume  of  the  nitrogen  in  the  residue  as  nitrate  to  nitrite  was  as  1 :  1*73. 

Expt.  2.  Salt  taken,  0*255  gram. 

1st  Stage.  NO=19-6  cc ;  N  =  3-4  cc  ;  <  =  30°;  p  =  759  mm., 
whence  N  as  NO  =  00105  gi*am,  the  total  nitrogen  in  the  salt  being 
003  gi-am ;  thus  29*28  per  cent,  of  the  nitrogen  was  given  off  as 
nitric  oxide. 

2nd  Stage.  Nitrous  fumes  were  noticed  and  4*6  c.c.  of  gas  were 
collected ;  these  were  almost  completely  absorbed  by  an  alkaline 
solution  of  pyrogallate. 

For  the  sake  of  comparison,  a  blank  experiment  was  made  by 
heating   barium    nitrate   directly  at   about    500°  for   two    minutes; 

*  A  strong  solution  of  ferrous  sulphate  was  used  as  the  absorbent  for  this  gas. 

VOL.    LXXXVIL  O 
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2  c.c.  of  gas  were  collected,  which  proved  to  be  oxygen.  It 
should  not,  however,  be  supposed  that  the  reaction  in  this  case  is  so 
simple  as  that  represented  by  the  equation  :  Ba(N03)2  =  Ba(N02)2  +  ^2- 
On  examining  the  liquid  in  the  worm  receiver,  a  small  quantity  of  a 
mixture  of  nitrate  and  nitrite  was  obtained.  Here  also  the  reactions 
as  detailed  below  probably  take  place,  only  in  the  reverse  order.* 

Calcium  Nitrite. — Expt.  1.     Salt  =  0*1 386  grapi. 

1st  Stage.     NO  =  25-2  c.c. ;  N  =  l-8  c.c.  at  29°  and  756  mm. 

2nd  Stage.  Gas  =  3  c.c.  (completely  absorbed  by  alkaline  pyro- 
gallate).  The  residue  was  found  to  be  only  lime,  free  from  nitrite  or 
nitrate.  Analysis  of  the  liquid  distillation  gave  ;  total  N  =  11  '2  c.c.  ; 
as  nitrite  =  8 '05  c.c. 

The  total  nitrogen  in  the  salt  is  thus  made  of  3  parts :  as 
NO  =  12'6  c,c. ;  as  !N'  =  1*8  c.c;  in  the  alkaline  liquid  =  11-2  c.c; 
whence  N  (found)  =  0-02772  gram;  N  (qalc.)  =  0'0277  gram. 

It  will  be  seen  that  nearly  50  per  cent,  of  the  nitrogen  was  evolved 
as  nitric  oxide. 

Sodium  Nitrite, — Expt.  1.     Salt  =  0*484  gram. 

In  the  first  stage,  7'4  c.c  of  nitric  oxide  and  4*0  c.c.  of  nitrogen 
were  obtained  at  31°  and  755  mm.,  or  8"4  per  cent,  of  the  nitrogen  in 
the  substance  taken.  On  examining  the  alkaline  liquid,  only  a  trace  of 
absorbed  gas  was  found. 

This  experiment  is  of  importance  in  establishing  conclusively  that 
in  the  earlier  stages  it  is  nitric  oxide  more  or  less  mixed  with  nitrogen 
that  is  given  off. 

Expt.  2.     Substance  =  0 -47  gram, 

In  the  first  stage,  27  c.c.  of  gas  {t  =  31°;  p=  755  mm.) 
were  collected  ;  a  second  nitrometer  was  then  employed  ;  after  about 
9  CO.  more  of  the  gas  had  been  collected,  the  surface  of  the  mercury 
lost  its  lustre  and  became  coated  with  mercurous  nitrate,  and  the  gas 
assumed  a  reddish-brown  colour,  thus  proving  that  oxygen  was 
being  eliminated.  Once  more  the  nitrometer  was  changed,  this 
time  9  c.c.  of  gas  were  collected,  of  which  5  c.c.  were  absorbed  by 
alkaline  pyrogallate,  the  unabsorbed  portion  being  nitrogen. 

Magnedum  Nitrite. — The  stable  variety,  Mg(N02)2,2H20,  was 
used,  0'1052  gram  being  taken.  Even  at  60°,  minute  quantities  of  gas 
began  to  be  evolved.     The  decomposition,  however,  was  chiefly  effected 

•  In  a  recent  paper  entitled  "Uber  die  Zersotzung  des  Baryum-nitrates  in  dor 
Hitzo"  {Cliem.  Zeit,,  1904,  28,  35(5),  Gottlieb  points  out  tliat,  when  the  heating  is 
rapid  and  not  gradual,  so  as  to  allow  the  salt  to  decompose  suddenly  before  it  fuses, 
the  largest  amount  of  nitrous  fumes  la  obtained  ;  but  when  the  temperature  is 
gradually  niibcd,  the  nitrous  fumes,  acting  on  the  molten  mass,  undergo  dissociation. 
Qottlieb's  object  was  the  regeneration  of  nitric  acid  from  the  barium  nitrate.  In  our 
invwitigation,  the  tcmiwrature  was  always  raised  slowly  and  gradually. 
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at  120°.  A  slight  evolution  of  nitrous  fumes  was  distinctly 
perceptible  at  the  outset. 

The  temperature  was  now  raised  to  172 — 175°  for  half  an  hour, 
but  no  more  gas  was  evolved,  as  was  proTed  by  the  fact  that 
the  *'  click "  of  the  pump  was  persistent.  The  collected  gas  con- 
sisted of  9'2  c.c.  of  nitric  oxide  and  1*8  c.c.  of  nitrogen.  The 
alkali  in  the  worm  yielded  24  c.c.  of  nitrogen  as  nitrite  at  31° 
and  755  mm.  pressure.  The  stable  residue  on  examination  was  found 
to  be  a  pure   nitrate  and  gave  00166   Mg  and   010  N,  whence  the 

00166     010 
ratio  of    Mg:N=     o^      '■    i±   -0007  : 000715- 1  :  1.     It  thus  had 

the  composition  2MgO,Nj05  or  MgO,Mg(N05)j.  The  simplest  reaction 
yielding  this  compound  would  l»e  :  2Mg(N(X)j  =  MgO  + Mg(NO,)J4• 
NO+N.  This,  however,  would  require  the  nitrogen  as  nitric  oxide 
to  be  equal  in  amount  to  that  in  the  free  state,  whereas  the  quantity 
of  the  former  is  actually  2^  times  that  of  the  latter.  It  would  thus 
appear  that  by  far  the  larger  proportion  of  the  salt  deoomposad 
according  to  the  equation  :  3Mg(N0,),  =  2MgO  +  Mg(NO,),  +  4N0.  But 
neither  of  these  equations  serves  to  account  for  the  formation  of  a  con- 
siderable amount  of  nitrite  in  the  alkali  of  the  worm. 

InUrpntaiion  of  ik»  RtmlU. 

It  will  be  seen  that,  in  the  first  stage,  when  the  beating  is  slow  and 
cautious,  nitric  oxide  is  the  main  gaseous  product  of  decomposition, 
and  that  a  {X)rtion  of  the  salt  is  converted  into  nitrate ;  whilst  in  the 
second  stage  it  is  nitrate  which  undergoes  decomposition,  giving  off 
oxygen.  As  a  matter  of  fact,  several  reactions  go  on  side  by  side, 
some  of  which,  again,  probably  overlap,  so  that  no  sharp  line  of 
demarcation  can  be  laid  down  between  them.  Taking  banum  nitrite 
as  the  type,  we  have  the  following  reactions  : 

Jniiial. 

3Ba(NO..).,  =  2BaO  +  Ba(NOs)3  +  4NO                              ..1 
2Ba(N0l)o-Ba0  +  Ba(NO3)j-l-N0  +  N 2 

Final. 

Ba(NOs),  =  BaO  +  2NOo  +  0    3 

whilst  intermediate  between  these  we  have  also, 

Ba(N03)2=Ba(N02)2  +  Oj  4 

In  the  earlier  stages,  it  is  the  nitric  oxide  and  nitrogen,  with  only 
traces  of  oxygen,  that  pass  on  through  the  worm,  the  oxygen  and  a 

o  2 
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corresponding  portion  of  nitric  oxide  being   absorbed  by  the   caustic 
potash  in  the  form  of  nitrite,  thus  :  2K0H  +  2N0  +  O  =  2KNO2  +  H2O. 

Later  on,  as  a  much  larger  proportion  of  oxygen  begins  to  be 
evolved,  a  mixture  of  nitrate  and  nitrite  is  formed  in  the  glass  worm. 
In  the  final  stage,  owing  to  increased  heat,  the  evolution  of  oxygen 
begins  to  preponderate,  and  this  time  it  is  all  the  nitric  oxide  with 
only  its  equivalent  of  oxygen,  together  with  the  nitric  peroxide,  which 
is  absorbed  by  caustic  potash  to  form  varying  quantities  of  nitrate 
and  nitrite.  Thus  it  is  oxygen  which  is  collected  in  the  reservoir  of 
the  mercury  pump. 

As  the  salts  were  heated  in  glass  tubing,  the  results  might  have 
been  slightly  vitiated,  owing  to  secondary  reactions  due  to  the 
corrosion  of  the  glass,  but  in  the  experiments  with  calcium  and 
magnesium  nitrites  the  glass  was  not  in  the  least  attacked,  and, 
in  this  case,  the  results  are  in  perfect  harmony  with  those  obtained 
from  barium  and  sodium  nitrites.  It  will  also  be  noticed  that  calcium 
and  magnesium  nitrites  yielded  very  little  free  nitrogen,  whereas  the 
barium  and  sodium  salts  gave  considerable  amounts. 

It  may  here  also  be  suggested  as  a  working  hypothesis  that,  as  a 
result  of  the  purely  thermal  decomposition,  a  portion  of  the  salts 
breaks  up  into  the  peroxide  and  nitric  oxide,  but  as  the  former  is 
unstable,  especially  under  diminished  pressure  at  the  temperature  at 
which  the  scission  takes  place,  it  parts  with  its  oxygen  both  to  the 
nitric  oxide  and  also  to  the  remaining  portion  of  the  undecomposed 
salt  in  a  state  of  fusion,  and  that  it  is  in  this  way  that  the  internal 
oxidation  and  reduction  are  brought  about.  It  may  be  urged  in 
support  of  this  view  that  sodium  peroxide  absorbs  nitric  oxide  forming 
the  nitrite. 

Moreover,  this  kind  of  self-oxidation  and  reduction  also  goes  on  when 
an  alkali  nitrite  is  heated  just  above  the  fusion  point  in  an  open  crucible 
and  kept  in  that  state  for  a  minute  or  two ;  bubbles  of  nitric  oxide 
are  given  off  and  a  considerable  portion  of  the  nitrite  is  changed 
into  nitrate. 

CUKMICAL    LaHORATOUY, 
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XXII. — The  Addition  of  Sodium  Hydrogen  Sulphite  to 
Ketonic  Compounds. 

By  Alfred  Walter  Stewart,  B.Sc.,  1851  Exhibition  Scholar  of 
the  University  of  Glasgow. 

Beilstein,  in  his  Ilamlbuch  (3rd  EMition,  vol.  I.,  999),  states  that 
pinacoline  forms  no  additive  product  with  sodium  hydrogen  sulphite. 
This  statement,  together  with  the  current  idea  that  bisulphite  com- 
pounds are  formed  only  with  those  ketones  which  contain  an  acetyl 
group,  suggested  that  the  hindrance  to  the  formation  of  a  pinacoline 
bisulpliite compound  was  of  a  stereochemical  character,  analogous  to  that 
detected  by  Victor  Meyer  in  his  work  on  the  rates  of  esterificatiou  of 
the  aromatic  acids.  In  the  literature  of  the  bisulphite  compounds,  the 
only  reference  found  was  a  paper  by  Angeli  {Atti  li.  Aecad.  Lincei, 
1896,  5,  84),  in  which  he  suggested  that  steric  hindrance  played  a 
part  in  the  reactions  involving  the  addition  of  metallic  hydrogen 
sulphites,  hydrocyanic  acid,  and  ammonia  to  carbonyl  groups.  Angeli 
appears  to  have  contented  himself  with  this  theoretical  observation,  at 
least  so  far  as  the  bisulphite  compounds  are  concerned  ;  and  apparently 
no  attempt  has  been  made  up  to  the  present  to  treat  the  matter  by  a 
quantitative  method. 

The  following  research  was  carried  out  in  order  to  estimate  the 
relative  amounts  of  bisulphite  compound  formed  with  different 
ketones  and  with  a  view  to  ascertaining  the  hindering  effect  produced 
by  various  groups. 

Although  no  work  had  been  done  on  the  ketonic  bisulphite  com- 
I)0und8,  Ripper  {Afonatgh.,  1900,21,  1079)  had  devised  a  method  for  the 
estimation  of  aldehydes  which  depended  on  the  formation  of  a  bi- 
sulphite additive  product.  He  found  that  as  the  SOjXa  group  in  the 
bisulphite  compound  was  not  oxidised  by  iodine  solution  ;  the  amount 
formed  could  bo  estimated  from  the  difference  between  the  titration 
values  of  two  solutions  :  one  of  pure  sodium  hydrogen  sulphite,  the 
other  containing  this  salt  and  the  aldehyde. 

The  great  diflSculty  encountered  in  this  method  arises  from  the 
presence  in  the  solution  of  hydriodic  acid  generated  by  the  reaction. 
This  acid,  if  left  free,  tends  to  break  up  the  bisulphite  compound,  and 
thus  gives  an  uncertain  end-point. 

With  a  view  to  avoiding  this,  several  other  solutions  were  prepared, 
among  which  three  only  need  be  mentioned.  First,  3720  caustic  soda 
was  used  to  titrate  the  sodium  hydrogen  sulphite,  but  the  final  slight 
excess  of  the  alkali  present  decomposed  the  double  compound  even  more 
rapidly  than  the  hydriodic  acid  had  done.     The  other  two  solutions 
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were  the  result  of  an  attempt  to  make  the  reaction  follow  the  lines  of 
the  equations  : 

NaHSOg  +  SNaHCOg  +  I^  =  NajSO,  +  2NaI  +  2H2O  +  SCOg ; 
NaHSOg  +  2NaHC03  + 12  =  NaHSO^  +  2NaI  +  HgO  +  200.2. 
Iodine  and  sodium  hydrogen  carbonate  were  made  up  in  a  solution  of 
the  strength  required  by  each  equation,  in  the  hope  that,  the  free 
hydriodic  acid  being  eliminated  as   soon  as  it  was  formed,  the  end- 
point  would  be  unaffected.     The  results,  however,  were  useless. 

There  being  no  other  method  available,  a  return  was  made  to  the 
titration  with  iodine  solution.  At  first,  alcoholic  solutions  of  the 
ketones  were  used,  but  finally  it  was  fbund  best  to  make  up  an  iV710 
aqueous  solution  of  the  ketone,  and  then  dilute,  to  iV712  with  alcohol. 
This  mixture  dissolved  most  of  the  common  ketones,  methyl  hexyl 
ketone  and  acetophenone  only  being  excluded. 

The  results  were  apparently  accurate  to  within  one  per  cent,  after 
allowing  equal  quantities  of  ketone  and  iVyi2  hydrogen  sulphite  solu- 
tion to  remain  together  for  an  hour  at  the  ordinary  temperature. 

It  did  not  seem  desirable  to  choose  an  arbitrary  time  limit,  and  in 
the  end  titrations  were  done  at  regular  intervals ;  a  period  of  five 
minutes  was  first  chosen,  but  this  was  not  found  so  satisfactory  as  the 
ten-minute  interval  which  was  finally  adopted.  At  first  the  method 
did  not  give  concordant  results,  but  the  failure  was  traced  to  variations 
of  temperature.  After  this,  all  operations  were  carried  out  at  0°,  which 
kept  the  temperature  constant,  and  also  reduced  the  speed  of  the 
reaction. 

The  details  of  the  method  finally  adopted  were  as  follows :  50  c.c.  of  N/12 
ketone  solution,  prepared  as  described,  were  shaken  in  a  flask  with  50  c.c. 
of  iV/12  aqueous  sodium  hydrogen  sulphite,  and  then  allowed  to  remain, 
corked,  in  a  vessel  of  ice  and  water.  Every  ten  minutes,  10  c.c.  of  the 
liquid  were  taken  out  and  titrated,  being  kept  surrounded  by  ice-water 
during  the  operation.  The  iodine  solution  used  was  of  such  a  strength 
that  14 — 15  c.c.  wore  required  to  oxidise  5  c.c.  of  the  hydrogen  sulphite 
solution.  The  relative  strengths  of  the  two  solutions  were  determined 
at  the  beginning  and  end  of  each  series  of  titrations.  The  results 
obtained  are  shown  in  the  following  table  : 

Percentage  of  Itisiilpliito  compound  formed  in 

10'       20  ao       40  CO       CO  70niinutos. 

Acetoldehyde    85-2  86-«  880  887  887  887  887 

Acetylacctono  47'1  64-2  60  5  (MO  070  70-0  71-8 

Ethyl  acetoacotato  37-4  47 '0  M'Q  60 '0  64  0  07-6  67  « 

AcoUiiii) 28-6  397  47*0  WO  f)f)-9  66-2  58-9 

Methyl  ethyl  ketone   14-6  22-6  26-1  291  32-4  36-4  384 

Methyl  pionyl  ketone 8*5  110  14-8  18-4  19-6  234  25-5 

Kthyf  liKVulato 7*2  lO'O  14-0  150  10-5  19-4  21  •« 

Methyl  wopropyl  ketone  .  4  2      5  4  7  5      9  4  116  12  3  13  0 

PiuMoline    42      5*6  50      56  5-6      66  50 


SULPHITE  TO   KETOKlC  COMPOUNDS. 
The  following  curves  give  the  same  results  graphically. 


ISl 


60  70 

minutes. 


Acetylacetone  contains  two  carbonyl  groups,  therefore  the  amount 
of  bisulphite  compound  formed  by  each  group  is  half  the  amount 
shown  in  the  table.  This  is  represented  in  the  curves  by  the  dotted 
line. 
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From  an  examination  of  the  foregoing  numbers,  the  effect  of  replac- 
ing a  hydrogen  atom  by  a  methyl  group  is  easily  seen.  If  we  consider 
acetaldehyde,  acetone,  methyl  ethyl  ketone,  methyl  isopropyl  ketone, 
and  pinacoline,  and  take  the  percentage  of  bisulphite  compound  formed 
after  40  minutes,  we  find  the  following  result : 

Per  cent. 
CH3CO-CH(CH3)2    ...       9-4 
CH3CO-C(CH3)3    5-6 


Per  cent. 

CHgCO-H 88-7 

CH3CO-CH3 53-6 

CHaCO-CHg-CHg 29-1 


Another  point  of  interest  is  that  both  acetaldehyde  and  pinacoline 
appear  to  reach  their  end-points  within  the  first  40  minutes,  whilst 
the  other  compounds,  intermediate  on  the  scale,  do  not  reach  their 
equilibrium  until  after  70  minutes. 

A  curious  result  is  obtained  by  comparing  the  values  of  those  com- 
pounds containing  carbon  chains  of  the  same  length.  For  example, 
ethyl  acetoacetate  and  methyl  ethyl  ketone  each  contain  a  chain  of 
four  carbon  atoms ;  ethyl  laivulate  and  methyl  px'opyl  ketone  have  & 
chain  of  five.  Taking,  as  before,  the  percentage  of  bisulphite  com- 
pound formed  after  40  minutes,  we  get : 


Per  cent. 
Ethyl  acetoacetate    ...     60 -0 
Methyl  ethyl  ketone..     29-1 


Per  cent. 
Methyl  pi'opyl  ketone.     18 '4 
Ethyl  Isevulate 15-0 


The  carboxyl  group  seems  to  have  no  hindering  effect,  but  rather 
accelerates  the  action,  since  ethyl  acetoacetate  forms  more  bisulphite 
compound  than  acetone,  and  much  more  than  methyl  ethyl  ketone 
where  the  COgEt  group  is  replaced  by  methyl.  This  relation  does  not 
hold  good  in  the  case  of  ethyl  Isevulate,  for  in  this  case,  when  com- 
pared with  methyl  propyl  ketone,  the  ester  forms  less  of  the  double 
compound.  It  seems  as  if  the  carbonyl  and  carboxyl  groups  had  some 
action  on  each  other's  properties  when  near  to  one  another,  and  that 
this  is  weakened  when  two  carbon  atoms  are  placed  between  them, 

This  communication  has  been  limited  to  those  compounds  which 
contain  the  group  CHg'COR,  but  the  investigation  will  subsequently 
be  extended  to  other  ketonic  and  nitrogen  compounds,  both  with  open 
and  closed  chains. 

In  conclusion,  the  author  desires  to  thank  Professor  Collie  and  Df< 
Smiles  for  valuable  suggestions  made  by  them  during  the  course  of 
this  research. 

UnIVKUHII-Y   COLl.KOE, 

London. 
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XXIII. — The     Molecular     Condition    in     Solution    of 
Ferrous  Oxalate. 

By  Samuel  Edwabd  Shbppard  and  Chablbs  Edward  Kknnxth  Mees. 

The  investigation  of  the  development  of  silver  haloid  emulsions  by 
means  of  ferrous  oxalate  makes  a  knowledge  of  its  condition  in  solu- 
tion very  desirable.  Ferrous  oxalate  itself  is  only  slightly  soluble  in 
water,  and  the  developing  solution  is  prepared  by  dissolving  it  in 
potassium  oxalate.  This  solution  has  a  reddish-brown  colour  and 
powerful  reducing  properties  (Eder,  Monatth.,  1880,  1,  137).  On  treat- 
ment with  alcohol,  a  double  salt  is  precipitated  having  the  composition 
K2Fe(020^)2,2HjO.  The  precipitate  sometimes  appears  aa  a  red  oil, 
which  subsequently  crystallises,  but  more  frequently  it  is  obtained  as 
a  sludge.  This  substance  is  extremely  soluble  in  water,  but  rapidly 
decomposes  even  in  a  dry  state. 

If  aqueous  potassium  oxalate  is  added  to  the  requisite  amount  of 
ferrous  oxalate  to  form  the  double  salt,  the  whole  of  the  ferrous 
oxalate  does  not  go  into  solution  ;  further,  if  equimolecular  solutions 
of  ferrous  sulphate  and  potassium  oxalate  are  mixed,  ferrous  oxalate 
is  precipitated.  In  general,  more  of  the  alkaline  oxalate  is  employed 
than  the  proportion  requii-ed  to  yield  the  double  salt.  Hence,  an  equi- 
librium must  be  established  in  solution  between  the  amounts  of  iron 
and  oxalate.  The  iron  is  not  present  to  any  great  extent  as  free 
ferrous  ions,  as  the  blue  precipitate  with  ferricyanide  is  only  slowly 
formed.  It  seems  to  exist  chiefly  as  the  complex  anion,  Fe(CjO^)j 
(Rieger,  Zeit.  Elektrochem.,  1901,  7,  871),  to  which  the  colour  of  the 
solution  is  due.  ^  

The  double  salt,  therefore,  dissociates  into  2K  and  Ye{C^O^^,  and 
the  foregoing  equilibrium  will  be  of  the  form 

Fe(CjOj,  ^  CjO^   -h   FeCjO^. 

In  the  presence  of  solid  ferrous  oxalate,  the  active  mass  of  the  latter 
will  be  constant,  and  we  shall  have  as  equilibrium  equation  : 

KC^   =    K'Cy  or 
Cj/Cj   =  K'jK  ^.    K,ai  constant, 

that  is,  the  amount  of  ferro-oxalanion  *  in  solution  bears  a  constant 
ratio  to  the  amount  of  free  oxalanion. 

To  confirm  this  view  and  to  ascertain  the  value  of  the  equilibrium 

*  The  ionic  terminology  employed  is  that  indicate<i  in  the  English  translation  of 
"Ostwald's  Anorganisehe  Ckcmie, 
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constant,  the  solubility  of  ferrous  oxalate  in  potassium  oxalate  was 
determined,  the  ferrous  oxalate  being  kept  in  excess  ;  10  c.c.  of  a 
solution  containing  the  molecular  weight  in  grams  per  litre  of  potass- 
ium oxalate  were  added,  and  the  whole  stirred  continuously  in  a 
thermostat  at  20°  *  The  potassium  oxalate  was  titrated  against  iVyiO 
potassium  permanganate,  a  similar  estimation  being  subsequently  made 
with  the  ferrous  oxalate  mixture.  The  increase  in  the  titre  gave  the 
amount  of  ferrous  oxalate  dissolved.  Thus,  in  one  estimation,  the 
titrations  before  and  after  the  addition  of  ferrous  oxalate  were 
respectively  197'8  c.c.  and  266'2  c.c.  of  permanganate.  The  increase 
is  68*4  c.c,  and  the  value  of 

^  =    OFeico,),    ig    102;;6    ^   Q.g3 
C'c204  163-6 

An  increase  in  the  time  of  stirring  raised  this  value  to  a  certain 
point  and  then  lowered  it  again.  This  result  is  due  to  saturation  only 
being  reached  slowly,  and  then  oxidation  causing  a  diminution.  The 
maximum  mean  value  found  for 

K  =   ^^fl-  was  0-80  (  +  0-0-2  A). 
6  Ox 

This  result  was  checked  by  obtaining  the  equilibrium  from  the 
opposite  side.  Excess  of  ferrous  sulphate  in  molecular  solution  was 
added  to  potassium  oxalate,  and,  when  ferrous  oxalate  was  no  longer 
precipitated,  the  solution  was  titrated.  The  errors  in  this  case  are  in 
the  opposite  direction,  as  supersaturation  will  give  too  high  values  of 
K,  whilst  oxidation  will  diminish  this  constant. 

Thus,  to  5  c.c.  of  2iV  potassium  oxalate,  2-0  c.c.  of  2iV  ferrous 
sulphate  were  added,  and,  after  standing  in  the  thermostat,  the  solu- 
tion was  titrated  with  iV^/10  permanganate,  filtering  off  the  ferrous 
oxalate.     The  difference  gave  the  amount  of  this  salt  precipitated,  and 

the  following  values  of  Z  =  ^^^aO^Xi    ^^re   obtained  :     084,   0  705, 

'>Ca04 
0-72,  0-68,  1-06,  0-915.     The  mean  gives  A'"=0-82.     The  mean  of  the 
first  series  gave  K=0-80,  whence  yi  =  081  at  20°. 
This  confirms  the  view  of  the  equilibrium 

Fe(0,0,)j  ==  FeCjO,,   +   CjO„ 
(solid). 

but  the  complex  may  also  dissociate  in  the  following  manner  : 

Fe(0,0,)s  :^  Fe   +    2(CaO,), 
*  Forapptratiu  UMd,  tee  Walker  and  Lumnden  (Trans.,  1902,  81,  353). 
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giving  free  ferrous  ions,  which  may  take  part  in  development  (Luther, 
Chemisc/ie  Vorgdnge  in  der  Photographic),  although,  as  already  stated, 
their  concentration  in  small.  The  proportion  cannot  be  determined 
analytically,  but  spectrophotometric  measurements  will  give  some  idea 
of  it,  as  the  ferro-oxalanion  is  highly  coloured,  while  the  free  ferrous 
ion  is  practically  colourless  (F.  Peters,  Zeii.  physikal.  Chem.,  1898,  26, 
1 92).  The  change  occurring  on  dilution  was  measured  in  the  Uiif  ner 
spectrophotometer  {Zeit.  phyaikal.  Chem.,  1889,  3,  562).  In  this,  the 
extinction  coefticient  E  is  equal  to  -log^oos*^,  where  6  is  the  angle  of 
rotation  of  the  analysing  Nicol.  For  convenience,  E  is  given  to  base  10. 
The  following  measurements  were  obtained  on  diluting  with  water  at 
X  =  5420/i/4. 


Solution  streugtb.  Ahj 

a.  Nl\(i  FeSO.  +  sat.  ]S^Qfi^  to  10  e.c...  63 

b.  +Equal  vol.  H,0 47 

a.  N/5  FeS04  +  aat  K,C,04  to  10  e.c  . . .  72 

b.  +  Equal  vol.  H,0  69 

a.  3iV/10FeSO4  +  8atK,C,O4tol0c.c...  81 

b.  +Equal  vol.  HjO  «8 


The  measurements  were  made  in  a  cell  of  10  mm.  thickness  at  17*^ 
approximately. 

They  show  that  the  concentration  of  the  ferro-oxalanion  is  propor- 
tional to  the  dilution,  so  that  the  equilibrium 

—    —  +  +  

Fe(C,OJ,  ===  Fe   +  2C,0^ 

is  practically  negligible. 

The  following  measurements  exhibit  the  absorption  spectrum  at 
three  higher  concentrations.  The  extinction-coefficient  E  was  plotted 
against  wave-length.  The  coefficients  E^,  £6*  Ee  in  the  following  table 
correspond  with  a  concentration  of  ferrous  sulphate  in  a  saturated 
potassium  oxalate  solution  of  XjlO,  ^j^,  and  3 Ay  10  strength  re- 
spectively. 


gle. 

s. 

Batioorf 

■I'o 

700 
u  342 

2  0 

■95 

1070 

1-84 

-J. 

582 

-- 

■bj. 

1  tJ«2 

ry2 

•4 

0  865 

— 

Wave 

Wave 

length. 

Ea. 

s,. 
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length. 

E^ 

if.- 

E^ 

6200 

0144 

0-174 

0180 

5420 

0-700 

1068 

1-668 

6070 

0153 

0-264 

0-332 

5280 

0-852 

1-542 

2-562 

5930 

0-184 

0-294 

0-388 

5120 

1142 

— 

— 

5800 

0-284 

0-366 

0-570 

5100 

1-232 

— 

— 

5670 

0-350 

0-576 
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5020 

2-120 

— 

— 

5540 

0-504 

0-872 

1-202 

4930 

00 

— 

— 
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Influence  of  Acids. 

As  all  the  developing  solutions  employed  were  slightly  acidified 
with  sulphuric  acid,  the  action  of  acids  is  interesting.  If  increasing 
quantities  of  an  acid  are  added  to  a  ferrous  oxalate  solution,  a  point  is 
soon  reached  when  ferrous  oxalate  is  precipitated.  This  must  be  due 
to  a  disturbance  of  the  equilibrium 

Fe(C20,)2  ^  FeCA   +   ^A^ 
and  on  the  ionic  theory  this  is  obviously  due  to  the  removal  of  the 

+ 

oxalanion  according  to  the  equation  :    G^0^  +  2H  ^  HgCgO^,  oxalic 


^ 


a     b 

1 

V    \ 

C 

\\ 

^ 

^ 

3 

5a  57  61 

Wave  Icngtlis.  -^ 
Absorption  upedrum  of  ferrous  oxalate  in  potassium  oxalate. 


acid,  as  a  "  weak "  acid,  being  much  less  dissociated  than  its  salts. 
The  disturbance  therefore  increases  with  the  "  strength  "  of  the  acid, 
and  qualitative  tests  supported  this  view.  Neglecting  any  formation 
of  ferrous  ions,  the  equation 

may  be  said  to  measure  the  complexity  ratio  (Donnan  and  Basset, 
Trans  ,  1902,  81,  945)  of  the  ferro-oxalanion,  and  the  measurements 
show  that  the  complex  ion  is  not  very  stable,  since  a  considerable 
excess  of  free  oxalate  is  required  to  keep  the  ferro-oxalanion  undis- 
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sociated.  It  may  be  pointed  out  that  solutions  supersaturated  with 
respect  to  ferrous  oxalate  are  easily  prepared,  and  this  explains  Um 
coiuplete  8oIution  of  the  double  ^It  K^e(CjO^)y2H,0  when  prepared 
iiccorciing  to  Houchay  and  Lenssen'd  method  (^nNaZ«n/1858, 100,255). 
This  solution  is  supersaturated  with  respect  to  ferroiM  oxalate.  The 
molecular  condition  of  ferric  oxalate  solutions  is  more  complex,  aa  this 
8alt  itKelf  is  soluble.     It  is  uncertain  whether  the  complex  anion  has 

the  formula  Fe(C,04),  or  Fe(C,0^), ;  double  salts  oorre^nding  with 
botii  are  known,  and  probably  both  are  existent  iu  ferric  oxalate  solu- 
tions. The  ferric  complexes  are  probably  more  stable  than  the  ferrous, 
iu  agreement  with  Abegg  and  Bodliinder's  theory  of  electro-affinity 
(ZeU.  anory.  Chem.,  1899,  30,  453). 

Summitry. 

(1)  The  iron  in  ehiedy  present  as  the  eomplex.  anion  Fe(C,OJ, ; 
this,  however,  is  not  very  stable,  and  for  the  diatoeiaiioo 

Fe{C,0,),  =:^  FeC,0^   +  C,0^ 

(•oUd). 

the  equation  ^^*<<¥>4)»  .  g  holds,  the  value  found  for  A'  being  081 

Cco4 
at  20° 

(2)  Spectrophotometric  measurements  showed  that  at  moderate  con- 
centration the  dissociation 

—  —  ++  

Fe(C,0,),  :^  Fe   -t-    20,0^ 
is  negligible. 

(3)  Tiie  action  oi  ;in.i>  l^  u  precipitate  ferrous  oxalate  by  disturbing 
the  eijuilibrium  in  (1). 

(4)  The  absorption  spectrum  at  three  concentrations  is  given. 

In  conclusion,  the  authors  desire  to  express  their  thanks  to  Pro- 
fessor Sir  William  Ramsay,  F.R.S.,  for  his  interest  in  the  work. 

ClIBMICAL   DkPABTMKXT, 

Univkksiiy  Collbck, 

Los DOS. 
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XXIV. — The   Determination   of    Molecular    Weight    by 
Lowering  of  Vapour  Pressure, 

By  Edgar  Philip  Perman. 

Many  attempts  have  been  made  to  determine  the  molecular  weights  of 
substances  by  means  of  the  lowering  of  vapour  pressure  of  the  solvent 
in  which  the  substances  are  dissolved,  but  hitherto  no  simple  and 
satisfactory  method  has  been  elaborated,  and  it  is  usually  stated  in 
text-books  on  physical  chemistry  that  the  method  is  of  no  practical 
value.  The  object  of  this  paper  is  to  rescue  the  method  from  the 
neglect  to  which  it  has  been  consigned. 

It  was  proposed  by  Ostwald  {Grundriss  der  allgemeinen  Chemie, 
1889,  p.  134)  to  heat  the  solution  in  the  vapour  of  the  pure  solvent 
boiling  under  atmospheric  pressure,  and  to  read  off  directly  the  differ- 
ence between  the  vapour  pressure  of  the  solvent  (that  is,  the  atmo- 
spheric pressure)  and  that  of  the  solution.  Although  this  differential 
method  is  very  simple  theoretically,  yet  practically  there  are  many 
difficulties  to  be  overcome.  I  believe  I  have  so  far  mastered  these 
difficulties  as  to  make  the  method  practicable  for  ordinary  laboratory 
use. 

The  chief  difficulty  is  to  drive  out  of  the  solution  every  trace  of  air, 
and  to  prevent  it  from  re-entering.  In  my  first  experiments,  I 
obtained  a  normal  depression  of  vapour  pressure,  which  slowly  de- 
creased until  it  became  zero.  After  ascribing  this  to  leaks  and  to 
superheating,  I  discovered  the  true  cause  to  be  a  trace  of  air  left  in 
the  solution,  which  is  gradually  evolved  on  continued  heating.  The 
air  can,  however,  be  completely  expelled  by  sufficiently  long  boiling. 

Apparatus. — The  apparatus  consists  of  a  U-tube,  A,  4*5  mm.  in 
diameter,  connected  on  one  side  with  a  long  tube,  C,  about  1'3  mm.  in 
diameter,  and  on  the  other  side  with  a  short  tube,  £,  about  14  mm.  in 
diameter,  and  having  a  small  bulb  blown  in  the  centre.  The  lengths 
are  approximately  as  follows :  the  tube  A,  each  limb,  7  cm.,  the 
tube  B  6  cm.  (wide  portion  only),  the  tube  C  23  cm.  to  stopcock  D, 
which  is  of  0'5  mm.  bore,  and  should  be  "  diagonal "  and  thoroughly 
well  ground. 

The  dimensions  may  be  varied  somewhat,  but,  after  many  trials, 
these  have  been  found  to  work  best.  The  diameter  of  C  must  not  be 
much  less  than  that  given,  especially  if  water  is  used  as  a  solvent,  for 
otherwise  columns  of  liquid  are  formed  which  make  the  pressure 
unreadable.  The  whole  is  heated  in  a  vapour  jacket,  £J,  and  is  held  by 
a  split  cork,  which,  however,  need  not  be  completely  divided.     F  is  t^ 
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condenser  tube  fused  on  to  Et  but  it 
may  pass  through  the  cork,  when  the 
apparatus  will  be  somewhat  simpler 
to  make. 

Method  of  Ej-//&rimeuting. — In  ordar 
to  ensure  success,  the  det&iUi  of  the 
manipulation  must  be  very  carefully 
followed,  The  inner  tube  is  removed 
from  the  outer  jacket,  inverted,  and 
clamped  just  above  the  stopooek  ;  it 
is  then  exhausted  bj  meana  of  a 
water-air  pump,  the  oonneetioB  being 
made  most  conveniently  with  a  long 
piece  of  thick- walled  indiarubber  tube. 
The  stopcock  is  turned,  and  mercury 
is  admitted  in  luAoiont  quantity  to 
serve  as  a  premure  gauge  (after  one 
or  two  trials  this  will  be  judged  very 
easily).  The  mercury  is  allowed  to 
run  into  the  wide  part  of  the  tnbe, 
which  is  then  again  exhausted  and 
weighed,  together  with  the  mereary 
it  contains,  to  0  01  gram.  The  moal 
convenient  way  of  supporting  the 
tube  on  the  balance  is  to  let  the 
bottom  of  the  U  rest  on  the  pan,  and 
to  maintain  the  tube  in  position  by  ' 

a  loop  of  wire,  which  slides. along 
the  narrow  tube,  C,  and  may  be  fixed 
over  the  hook  of  the  balance. 

The  next  operations  are  to  invert 
the  tube  again  and  to  tap  out  any 
air- bubbles  appearing  betwem  the 
mercury  and  the  glass ;  there  is  no 
difficulty  in  effecting  this,  unless  the 
end  of  the  tube  B  is  drawn  into  too 
tine  a  point. 

The  solution  is  made  up  in  a  small 
weighing  l)Ottle,  in  which  the  sub- 
stance under  investigation  is  first 
weighed,  and  is  then  introduced  into 
the  tube  by  carefully  turning  the 
stopcock,  the  weighing  bottle  being  rinsed 
quantities  of  the  solvent. 


by   two   or   three   small 
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The  tube  is  left  open  to  the  air,  and  the  solution  is  boiled  briskly 
by  a  small  Bunsen  burner  flame,  the  burner  being  waved  gently 
underneath  the  wide  tube,  B. 

This  method  of  boiling  out  has  been  found  by  careful  trial  to  be 
the  most  successful  in  avoiding  bumping,  and  can  be  adapted  to  any 
solvent.  Ether  can  be  boiled  out  very  easily  in  this  way.  Chloro- 
form condenses  entirely  in  the  narrow  tube,  unless  the  latter  is  also 
heated,  and  the  boiling  is  best  effected  by  a  large  flame  moved  to 
and  fro  along  the  tube.  The  solution  should  be  reduced  to  about 
half  its  bulk,  and  the  stopcock  is  then  turned.  If  there  is  any  liquid 
in  the  capillary  tube  outside  the  stopcock,  it  must  be  removed  by 
the  pump.  The  tube  and  contents  are  next  weighed  again,  and  the 
excess  over  the  previous  weighing  gives  the  weight  of  the  solution ; 
on  deducting  from  this  the  weight  of  the  substance  taken,  the 
weight  of  the  solvent  is  obtained. 

The  tube  is  now  placed  in  the  vapour  jacket  and  heated  steadily. 
If  a  long  column  of  liquid  should  remain  in  the  narrow  tube,  C,  it 
is  best  to  withdraw  it  by  means  of  the  pump,  turning  the  stopcock 
very  cautiously. 

When  the  solution  has  been  heated  2  or  3  minutes,  the  stopcock 
may  be  opened,  when  the  mercury  will,  as  a  rule,  be  slowly  depressed. 
Keadings  should  be  taken  between  5  and  10  minutes  after  the  solu- 
tion begins  to  be  directly  heated  in  the  vapour ;  the  tube  should  be 
shaken  by  tapping,  or,  better,  by  rocking  the  projecting  tube  slightly. 
Even  if  a  trace  of  air  remains  in  the  solution,  accurate  readings 
can  be  obtained  if  made  not  more  than  10  minutes  after  the  heating 
has  begun. 

The  depression  is  thus  obtained,  but  it  must  be  corrected  for  the 
solution  above  the  mercury  column  on  each  side.  For  this  purpose, 
the  heights  of  the  solution  are  read  as  well  as  the  mercury,  and  in 
order  to  obtain  the  relation  between  the  density  of  the  solution  and 
that  of  the  mercury  the  point  of  the  tube  C  is  broken,  and  readings 
of  both  mercury  and  solution  again  made  under  atmospheric  pres- 
sure on  each  side. 

The  length  of  the  left-hand  column  (see  figure)  will  not  be  the 
same  at  the  second  reading  as  at  the  first,  owing  to  the  varying  dia- 
meter of  the  tube,  but  a  proportional  correction  is  easily  made.  The 
heights  can  be  read  conveniently  on  a  mirror  scale  placed  behind  the 
whole  apparatus,  or  the  U-tube  may  be  graduated,  or,  again,  a  reading 
microscope  may  be  em{)loyed.  For  the  convenience  of  those  using  the 
method,  the  various  operations  are  here  concisely  stated  :  exhaust — 
introduce  mercury — exhaust — weigh.  Tap  out  air-bubbles — introduce 
solution — boil  out — remove  any   liquid   outside  stopcock,  and   weigh. 
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Jleat  the  apparatus  in  the  vapour  jacket — if  neoflSMry  pump  out  solu- 
tion in  narrow  tube — open  to  the  air — read — turn  ofif  stopcock — ^break 
ofit'  the  |x)int  of  the  tube,  reopen  stopcock  and  read  the  data  for  the 
correction.     It  is  necessary  also  to  read  the  bannnetric  height. 

Calculation  of  Reaultt. — Let  m  be  the  required  mdeealar  weight, 

^[  the  molecular  weight  of  the  solrent,  «0  the  weight  (in  grans)  of  the 

ubstance  taken,  and  IK  the  weight  of  the  solvent,  p  the  height  of  the 

barometer,  and  d  the  depression  ;  then  >/*  = 
The  following  results  have  been  obtained  : 
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Sul)sUuce. 
<  ';irl«iiiiJe 


•  aue  sugar 
»» 

p-Nitrotolib  : 

I'lifiiyl  salicyiiit*'  

2-Pbenvl-l  :3-dimethyl 
1 : 3-dibeuzoylpi-opaii 

0-Naphthol 
Naphthalein 

Dii'henvl.uuiiie  . 


-ut. 

grams,  giams. 

nun. 

flIIU. 
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'■\  iter 

0-477a 
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'JO-5 

5»« 
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0  45M 

S'76 
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60 

031M 

5^ 

778-« 

13D 
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60 

0-9»58 

4-82 

770-0 

42-0 

•7-5 

60 

145» 

3-M 

764D 

CA-O 

78tl 

60 

0-9M2 

2  64 

744  8 

14-5 

340-0 

342 

0-8710 

•2  65 

733  3 

6-5 

33«-0 

342 

loroform 

o-o: 

0-07 

t 

•iO-0 

!?W^ 

117 

O'lsifi 

;:  .  0 

.  .i  * 

Oi 

02202  27»  775-4  21 

0*2208  3-25  766" 

01056  318  772-1  21  i) 

0-1988  458  770-2  28^ 

01235  3-2»  754 1J  23-7 

01512  130  754  6  50  5 


-OiJ      *5« 


01636 
01779 
01642 

■'  1744 


1-79 
1-89 

1-78 
1  70 


766  8 
766  8 
760  4 
766-8 


29  0 
40  7 
32 1> 
34-9 


142  0 
138  0 

137-0 
129-0 

179  0 
178-0 
158  0 
167-0 

1705 


144 
144 

128 
128 

169 
169 
169 
169 


It  will  be  seen  that  the  results  are  as  good  as,  and  often  even  better 
than,  those  usually  obtained  by  the  boiling  point  method.  The  last 
two  with  carbamide  in  water  are  from  very  concentrated  solutions,  so 
that  the  normal  molecular  weight  could  not  be  expected.  The  aqueous 
solutions  were  not  heated  in  exactly  the  same  way  as  the  others,  the 
source  of  heat  being  steam  blown  in  from  another  vessel  ;  the  tempera- 
ture was  probably  moi-e  constant  than  with  the  other  solvents.  The 
method  is  well  suited  for  ordinary  laboratory  use,  especially  for  teach- 
ing purposes.     The  apparatus  required  is  simple  and  inexpensive. 
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In  conclusion,  I  wish  to  express  my  best  thanks  to  Mr.  J.  H.  Davies, 
B.Sc,  for  the  valuable  assistance  he  has  given  me  in  carrying  out 
the  work. 

University  College, 
Cardiff. 


XXV. — Electrolytic  Oxidation   of  Aliphatic  Aldehydes. 

By  Herbert  Drake  Law. 

Although  many  investigators  have  studied  the  electrolytic  oxidation 
of  the  acids  and  alcohols  of  the  aliphatic  series,  very  little  is  known 
of  the  behaviour  of  the  corresponding  aldehydes  when  subjected  to 
the  action  of  electrolytic  oxygen.  For  this  reason,  it  seemed  to  be 
of  interest  to  study  the  action  of  anodic  oxygen  on  certain  aldehydes 
of  the  aliphatic  series.  To  a  certain  extent,  the  choice  of  the  alde- 
hydes was  circumscribed,  because  those  having  a  higher  formula 
than  C^HjqO  are  practically  insoluble  in  water  or  dilute  acids. 

Two  sets  of  experiments  have  been  carried  out,  the  first  to  ascertain 
the  volatile  or  gaseous  substances  which  are  produced,  and  the  second 
to  study  the  non-volatile  or  soluble  constituents.  The  products  ob- 
tained by  the  action  of  the  electrolytic  current  may  vary  very  con- 
siderably between  the  beginning  and  the  end  of  the  electrolysis.  That 
is,  the  results  obtained  may  be  very  much  complicated  by  secondary 
changes,  because  the  substance  first  produced  by  the  electric  current 
may  itself  be  further  affected. 

For  studying  the  gaseous  products,  Hofmann's  apparatus,  such  as  is 
employed  for  showing  the  volumetric  constitution  of  water,  was  used. 
For  studying  the  soluble  products,  a  porous  cell  was  employed  as  anode 
compartment  and  a  beaker  placed  in  a  vessel  of  cold  water  as 
cathode  compartment.  In  the  experimental  portion  of  this  paper,  the 
production  of  the  gaseous  substances  will  be  considered  first. 

Experimental. 

Both  limbs  of  a  Hofmann's  apparatus  were  graduated,  and  the 
junction  between  the  tubes  was  packed  with  filter  paper  to  act  as  a 
diaphragm  and  to  prevent  diffusion  of  the  gaseous  products  from  the 
anode  and  cathode.  The  electrodes  were  of  sheet  platinum,  the  active 
surface  of  which  was  12'5  square  centimetres. 

The  gnses  to  be  analysed  were  either  measured  directly  in  the 
nofinann's  apparatus  or  were  first  run  into  a  graduated  pipette.     The 
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analysis  of  the  gases  was  conducted  by  means  of  Hempel's  bulbs.  In 
these  experiments,  the  gases  liberated  were  carbon  dioxide,  carbon 
monoxide,  oxygen,  methane,  and  ethane.  The  oxygen  was  absorbed  in 
an  alkaline  solution  of  potassium  pyrogallate,  and  the  hydrocarbons 
were  determined  by  explosion  with  oxygen.  The  current  used  was 
measured  on  an  ammeter  previously  graduated  against  an  oxygen 
coulombmeter.  For  the  non-volatile  products,  the  electrolysis  was  con- 
ducted in  a  porous  pot  of  about  400  c.c.  capacity.  This  was  fitted  with 
a  cork,  through  which  passed  a  rotating  platinum  anode,  the  area  of 
which  was  37 "5  sq.  cm.  A  piece  of  stout  platinum  wire  wound  round 
the  porous  pot  served  as  cathode.  The  anode  compartment  was  placed 
in  a  stout  glass  jar,  which  in  turn  was  surrounded  by  another  vessel 
through  which  cold  water  could  be  cii-culated  in  order  to  keep  the 
apparatus  cool  during  the  experiment.  In  these  experiments,  mono- 
basic acids  containing  the  same  number  of  carbon  atoms  as  the  alde- 
hyde were  detected.  In  most  cases,  sulphuric  acid  was  used  to  render 
the  solution  conductive.  The  amount  of  acid  formed  was  determined 
by  first  estimating  the  total  acidity  of  the  solution  by  titration  against 
normal  caustic  soda.  The  amount  of  sulphuric  acid  present  was  then 
found  by  precipitation  with  barium  chloride,  and  the  difference  gave 
the  acidity  due  to  the  organic  acid. 

The  experiments  indicated  in  the  foregoing  table  show  the  effects  of 
varying  conditions  on  the  gaseous  products  of  oxidation.  In  experi- 
ment c,  the  solution  from  h  was  allowed  to  run  back  from  the  reservoir 
and  was  electrolysed  again  to  determine  the  influence  of  the  accumu- 
lated formic  acid.  This  also  applies  to  experiment  e,  which  is  a 
repetition  of  d.  Experiments  f,  g,  h  show  the  effects  produced  by 
changing  the  constitution  of  the  electrolyte.  In  h,  only  the  carbon 
monoxide  was  estimated,  as  the  carbon  dioxide  was  absorbed  in  the 
sodium  hydroxide  present  as  electrolyte.  To  compare  the  results,  the 
following  table  is  given  : 

I. 


Oxygen 

eouivalent,  to 

Strength  of 

Ampere    2  ampere 

Vol. 

Carbon 

Carbon 

aldehyde. 

hours. 

liours. 

of  gas. 

dioxide. 

Oxygen. 

monoxide 

1.  3"5  per  cent. 

.     2 

417  c.c. 

124-9  c.c. 

3-9  c.c. 

73-5  c.c. 

40-2  c.c 

2,   10        „       . 

..     2 

417    „ 

55-8   ,, 

2-6   ,, 

24-0   ,, 

240  „ 

3.   10        „       . 

..     2 

417    „ 

88-3   ,, 

26-3   ,, 

26-3   ,, 

31-3   „ 

4.  16        „       . 

..     2 

417   ,, 

66'5   ,, 

12-9    „ 

19-2   ,, 

32-1   „ 

5.  15        ,,       . 

..     2 

417   ,, 

759   „ 

14-9   „ 

23-6   „ 

35-9   ,, 

6.  10        „       . 

..     2 

417   „ 

102-4   ,, 

2-1    ,, 

38-4   ,, 

51-2    „ 

(WghA'.M.F 

) 

7.  10  per  cent 

..     2 

417   „ 

49-8   „ 

11-1    „ 

16-2   ,, 

16-6    „ 

(dilute  acid). 

8.  10  per  cent. 

.     2 

417   „ 

— 

— 

12-9   ,, 

4-3   „ 

(Rodium  hydroxide). 

In  all  the  preceding  experiments,  and  in  those  wliich  follow,  the 
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reHults  varied  somewhat  on  repetitiou,  aud  for  this  reason  the  mean  of 
two  or  more  experiments  is  given.  In  the  above  table,  experiment  S 
correspondti  with  b,  previouHly  given.  Here  only  a  small  volume  of 
ga8  was  liberated,  and  therefore  a  mean  value  of  experiments  h  and  e 
is  given  in  3  for  comparison.  Number  5  is  alao  the  meaa  of  experi- 
ments d  and  e.  Numbers  6,  7,  and  8  correspond  withy,  A,  and  g. 
Numbers  1  to  5  show  the  effects  of  a  change  in  the  concentration  of 
the  formaldehyde. 

Tlie  formation  of  carbon  monoxide  maj  he  repreeented  as  in 
e(|uation  Y.  From  this  it  would  be  expected  that  changes  in  the 
concentration  of  the  aldehyde  would  have  very  little  effect  on  the 
quantity  uf  this  gas  formed.  The  amount  of  oxjfui  set  free  of  cooree 
deci'eases  as  the  concentration  increases.  In  number  7,  with  more 
dilutu  acid,  the  amount  of  active  oxygen  set  free  thould  he  ineraaaed, 
and  couse(|uently  the  amount  of  carbon  monoxide  liberated  ahoold 
increase.  However,  the  E.JI.F.  wajs  much  higher  in  this  experiment, 
and  so  the  tendency  to  form  carbon  dioxide  .lii— tlv  ?■..•..  »li«  .^l.lMl.v.le 
will  be  greater,  as  is  actually  the  ease. 

In  ex|)eriment  8,  where  soilium  hydraxid«»  i*  uaamI  a«  electrolyte, 
the  hydi*oxide  gi-oup  will  be  liberated  at  the  anode,  and  aetire 
oxygen  will  be  formed  only  as  the  result  of  a  secondary  reaction. 
Consequently,  the  amount  of  carbon  monoxide  formed  fr>  tu 

will  be  smaller  than  in  the  other  experiments.     The  foi  iis 

gas  favours  the  assumption  of  quadrivalent  oxygen. 

.\  on  :  urltutur. 

These  were  found  to  be  fui....v  ..v. J  ''"•  f..rii.«»i/»i.  r.f  «i,;,.i,  mav  be 
represented  as  in  equation  I  (p.  203). 

jLcid  TotiU 

CAleoIatad      oxygen 
Comat  in    F.M.F.     Aiu]>ere       ia  e.c.       liberated 
Solution.  amperes,     in  volts,     houra.     ofoxyjjeu.      in  c.e. 

i.   20  grams  of  for:'  '  '  ■  ' 

37gmu)sofsi.  1423  2085 

(Total  vol.  =i; 

ii.   30  j;niius  of  foimaldrhyii' 

eomlitious  as  beforv    ...  1[>jk)  2085 

iii.  30  grams  of  formaldehyde, 

couditious  as  liefore    '20  10  1579    •        2085 

In  these  experiments,  the  cathode  solution  consisted  of  10  per  cent. 
sulphuric  acid;  the  acid  formed  is  given  in  terms  of  the  oxygen 
required  to  produce  this  quantity  of  acid.  These  retsults  agree  with 
the  preceding  ones.  If  the  total  yield  of  oxygen  is  calculated  from 
experiment  iii  and  experiment  6  of  Table  I,  the  result  is  0'7  per  cent. 
too  high,  thus  the  agreement  is  fairly  good. 
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In  experiments  a,  h,  c,  the  effects  of  a  change  in  concentration  of 
the  aldehyde  are  shown.  In  d  and  e,  the  current  density  has  been 
changed.  To  compare  the^e  results,  the  following  table  is  given. 
Here  it  will  be  seen  that  the  absorption  of  oxygen  is  very  complete, 
the  bulk  being  used  to  form  acetic  acid. 

II. 


Oxygen  iqui 

Strength 

Carbon 

Carbon 

ralri.'. 

ol           AinpefL 

Vol.  of 

dioxide 

monoxide  Oxygen 

M«th«tt« 

3aiut>«i<* 

aldehyde,     hours. 

gas  in  c.e. 

in  e.c. 

in  c.c.      ill  c.c. 

in  c.c. 

boain 

1.     4  per  cent...     2 

34-0 

11 

0-3          28  D 

1-4 

417 

2.    10         ,,       ...     2 

15-9 

7-9 

05            5-4 

1-5 

417 

3.    15         ,,       ...     2 

19  3 

H  4 

0-4             13 

•il 

417 

1.    10         „       ... 

■  0 

0-«            78 

13 

417 

(current  =  04  > 

."'.    10  i»er  cent...     - 

165 

1  3        ia-4 

15 

417 

(current  =  06 1 

The  following  e4{uations  represent  the  formation  of  each  product : 

OH    +    H.O. 


I.  !{<•  "^*  =     UC^9 


II.  |hO-     R-C<J{p.    -OH  l:"'ll    r   to,   +    li^o. 

Ill  H^^^""  -      RU    +   CO,. 


IV.       A   ^>r:o     A         =    ROH  +  cOj, 

\  O     ^X'^O  =     ROH    +   CO. 

As  in  the  previous  set  of  experiments,  the  carbon  dioxide  increases 
as  the  oxidation  proceeds.  Thus,  it  must  be  assumed  that  part  of  this 
gas  is  formed  by  the  further  oxidation  of  the  acetic  acid  accumulated 
during  the  electrolysis.  Carbon  dibxide,  however,  is  always  present 
in  the  gases  at  the  anode.  For  this  reason,  equations  III  and  lY  are 
given.  Equation  III  also  indicates  the  formation  of  methane  and 
ethane.  Equation  V  shows  the  formation  of  carbon  monoxide.  Ac- 
cording to  these  equations,  alcohol  should  be  formed.  However,  the 
quantity  of  this  substance  must  have  been  very  small  and  in  no  case 
could  it  be  detected.  According  to  equation  III,  the  amount  of  carbon 
dioxide  present  should  never  be  less  than  that  of  the  hydrocarbon. 
Number  I,  Table  II,  however,  sb-^^^   ■<.   -slightly  smaller  proportion; 
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this  was  found  to  be  due  to  the  fact  that  the  anode  solution  was  not 
quite  saturated  with  carbon  dioxide  on  commencing,  and  as  the  experi- 
ment proceeded  results  were  obtained  agreeing  with  the  theory.  On 
exploding  the  methane  with  oxygen,  a  decrease  in  volume  should  take 
place.  On  absorbing  the  carbon  dioxide  formed,  there  should  be  a 
further  decrease,  and  these  two  diminutions  should  be  in  the  ratio  of 
2:1.  The  mean  ratio  for  four  different  explosions  was  found  to  be 
31*8:16.  This  agrees  with  the  theoretical  value.  The  gas  was  in- 
flammable, but  the  quantity  was  so  small  that  no  further  experiments 
could  be  undertaken. 

Non-volatile  Portions. 

In  these  experiments,  nothing  but  acetic  acid  was  detected. 


Solution. 

15  grams  of  acetaldeliyde, 
37  grams  of  sulpluiric  acid 
(Total  vol.  =370  c.c.) 

30  grams  of  acetald^hyde, 
conditions  as  before 


Acid 

Total 

calculated 

oxygen 

Current  in  E.M.F. 

Ampere 

in  c.c. 

liberated 

amperes,    in  volts. 

hours. 

of  oxygen. 

in  c.c. 

2-0 


4—4-5 


7-0 


11-5 


12-9 


2099 


2368 


2398 


2690 


The  cathode  solution  consisted  of  10  per  cent,  sulphuric  acid  ;  the 
amount  of  acid  formed  is  given  in  terms  of  the  oxygen  required  to 
produce  this  change.  The  calculation  of  the  total  yield  of  oxygen  in 
experiments  ii  and  5  (Table  II)  gives  a  result  .3  per  cent,  too  high. 
Considering  that  the  conditions  were  not  quite  the  same,  the  agreement 
is  good. 

The  gases  liberated  in  the  above  experiments  were  shaken  up  with 
fuming  sulphuric  acid.  A  small  diminution  in  volume  occurred,  but 
this  never  amounted  to  more  than  02  c.c.  It  was  concluded  there- 
fore that  no  unsaturated  hydrocarbons  were  present  in  the  gaseous 
mixture.  The  equations  already  given  hold  good  in  this  case,  R  now 
representing  the  ethyl  group,  as  before  the  residual  gases  were  analysed 
by  explosion.  The  ratio  of  the  two  diminutions  in  volume  was  found 
to  be  13  :  10"1  in  three  experiments,  whilst  the  theory  requires  a  ratio 
of  13  :  104.  This  gas  was  innammable,  but  no  further  experiments 
wore  conducted,  as  the  volume  was  very  small. 


Non-volatile  Portions. 


Total 


Current  in 

E.M.F. 

Ampere 

Acid 

iu  tonus 

oxygen 
lil)t!  rated 

-    .Solution.                   amperes. 

in  volts. 

liours. 

of  oxygen. 

in  c.c. 

H   gritniH    of   propaldohydo 
86  grams  of  sulphuric  acid.      2  '0 
(Totiil  vol.  =350  c.c) 

3-6 

10 

\  MO 

2085 
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In  this  experiment,  the  cathode  solution  was  10  per  cent,  sulphuric 
acid.  The  total  oxygen  used  in  this  experiment  and  2  (Table  III) 
gives  a  result  17  per  cent,  higher  than  that  required  by  theory. 

iaoBiUaldshyde. 

Carbon 
Current  E.M.F.  Carbon  men-  ToUl 

in  in  Pr«M.  dioxide  oxide  Oxjrgui  toL 

Solutiou.       Temp,  amperes,  volbi.     Time,      in  mm.  inc.c.  inc.c.  inc.a  in  ce. 

4  gmins  of  iso- 

butaldehyde, 

20    grams    of 

sulphuric  acid 
(Total  vol.  =  200  c. c.) 


16°        0  2          4       1  h.  20  m. 

C.C.) 

75«      4 -a 

0-0 

i»- 

IV. 

Oxygen           VoL 
Ampere    equivalent  to     of  gaa 
hours.  2  ampere  boon,    in  ce. 

Carbon 

monoxide 

in&e. 

Carbon 

dioxide 

in  C.C. 

Oxygw 
mce. 

..     2                 417                8«9-5 

81  5 

0  0 

3S15 

Strength  of 

solution. 

2  i)er  cent. 

In  this  ca.se,  the  aldehyde  is  only  slightly  soluble  in  water.  Hus 
may  account  for  the  absence  of  carbon  monoxide  and  the  hydro- 
carbons. 

Jf<m-vokUiU  ForlioM. 

Acid 
Current  caleolated      Total 

in  E.M.F.    Ampere     inc.c.       oxygen 

Solution.  amperes,    in  rolta.    houra.   of  oxygen.  libenUod. 

2  \»T  cent,  solutiou  of  <«obutaldehyde, 

37  grams  of  sulphuric  acid ...     -'O  2-5  10  177  2085 

(Total  vol.  =370  c.c.) 

The  cathode  cell  contained  10  per  cent,  sulphuric  acid.  A  calculation 
of  the  amount  of  oxygen  used  in  the  two  preceding  experiments  gives 
a  result  3*5  per  cent,  too  high.  The  agreement  with  the  theory  is 
good,  considering  that  the  amount  of  oxygen  absorbed  is  very  small. 

Starting  from  an  alcohol,  the  oxidation  takes  place  in  the  following 
stages  : 

KCHj-OH  -^  RCH:0  -^  RCO-OH 

R-CO-OH >  C<^ 

In  addition  to  these  products,  smaller  quantities  of  other  substances 
are  formed,  but  the  chief  reactions  are  as  indicated  on  p.  203.  In 
this  work,  the  formation  of  alcohols  has  been  assumed  in  equations 
1 1,  IV,  and  V,  but  the  quantity  of  these  substances  produced  would, 
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however,  be  too  small  to  be  detected.  They  are  formed,  however, 
during  the  oxidation  of  the  aliphatic  acids  represented  in  equation  II 
(Kolbe,  Hofer,  and  Moest,  Annalen,  1902,  323,  304 ;  Foerster  and 
Piguet,  Zeit.  ElektrocJiem.,  1904,  10,  729).  From  this  point,  the  oxida- 
tion would  go  on  as  in  the  foregoing  scheme.  Thus,  it  is  possible 
that  in  the  oxidation  of  the  compounds  of  the  aliphatic  series  there  is 
a  gradual  breaking  up  into  compounds  containing  less  and  less  carbon 
atoms  until  the  final  stage — carbon  dioxide — is  reached.  One  step  in 
the  oxidation  is  still  missing.  So  far,  the  hydrocarbons  have  given  no 
oxidation  products.  Numerous  attempts  which  have  been  made  in  this 
laboratory  to  bring  about  this  step  have  led  to  a  method  which 
promises  to  be  successful.  On  oxidising  the  alkyl  iodides,  a  precipita- 
tion  of    iodine  is  obtained,  and  the  corresponding  acid  is  found  in 

solution,  RCHgl  -^  RC<j  -^  ^^i^OH  +  ^^  '  *^®  hydriodic 
acid  supplying  the  liberated  iodine.  This  behaviour  would  agree  with 
that  of  the  aromatic  hydrocarbons  (Law  and  Per  kin.  Trans.  Faraday 
Soc,  1905,  I,  31). 

If  these  views  are  correct,  during  the  oxidation  of  acetic  acid  a 
small  quantity  of  formic  acid  will  be  produced,  and  it  was  thought 
that  the  formation  of  this  substance  might  account  for  the  appearance 
of  the  hydrocarbons  in  the  following  manner  : 


H 
CH3 


^         ->         CH4   -t-   2CO2. 


This  has  been  tried,  but  without  success.     Further  experiments  with 
these  aldehydes  are  still  in  progress. 

In  conclusion,  I  wish  to  express  my  gratitude  to  Dr.   F.   Mollwo 
Perkin  for  the  facilities  and  help  given  during  this  work. 

BoBOuan  Polytechnic, 

103,  Borough  Road,  S.E. 


XXVI. — The  Analysis  of  Samples  of  Milk  referred  to  the 
Government  Laboratory  in  connection  ivith  the 
Sale  of  Food  and  Drugs  Acts. 

By  Thomas  Edward  Tiioupe,  C.B.,  F.R.S. 

In  connection  with  the  administration  of  the  Sale  of  Food   and 
JDrugs  Acts,  samples  of  milk  arc  frequently  referred  by  magistrates, 
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under  the  provisions  of  the  Acts,  to  the  Governmeni  Laboratory  for 
examination. 

These  referred  samples  are  invariably  more  or  less  sour  when 
received,  and  hence  it  is  of  importance  to  determine  whether  this 
fact  in  any  way  prevents  a  true  inference  as  to  the  character  of  the 
fresh  milk,  or  interferes  with  the  determination  of  the  d^ree  of 
sophistication  to  which  the  milk  may  have  been  subjected. 

The  charges  usually  brought  against  milk  by  public  analysU  arc 
that  it  has  been  mixed  with  wat.er,  or  with  skim-milk.  The  proof  or 
disproof  of  the  allegation  depends  upon  a  determination  in  the 
sample  (1)  of  the  amount  of  fat;  and  (2)  of  the  total  amount  of  the 
constituents  other  than  fat  and  water. 

As  regards  the  fat,  it  would  appear  that  bacteria  which  produce 
steatolytic  enzymes  do  not  develop  to  any  considerable  extent  in 
sour  milk.  At  all  events,  the  amount  of  butter-fat  suffers  little,  if 
any,  alteration  during  the  souring  of  the  milk.  Experimental  proof 
of  this  is  afforded  by  the  following  figures : 


Fat,  per 

Sample.  <  ent 

No.  1.  Fre«h  milk  l  08 

After  12  wetks.  4-09 

.N.     _.   Frosh  milk    !  17 

After  4  weeks   .  5H 

Xo.  3.   Fresh  milk    116 

After  6  weeks 418 

„     14i     ,,      .  4  18 

No.  4.  Fresh  milk    4  72 

After  6  weeks  165 

No.  5.   Fresh  milk    3  28 

After  7i  weeks     3"25 

,.     H'      ,,  3-34 

..     13        „  :-27 

No.  6.  Fresh  milk    I  49 

After  8  weeks   .  1-35 

No.  7.   Fresh  milk    1  07 

After  11  weeks...  4  06 


Fat,  |«r 
Sample.  <-eBt. 

No.    8.  Fre«h  milk  ..  4  19 

Aft«r  13  weeks  4*14 

No.    9.   Fre«h  milk  ...  4-07 


After  13  weeks  

..     401 

No.  10. 

Prach  milk 

After  13  we«k> 

3-70 

No.  11. 

Fresh  milk 

After  13  week> 

5-32 
5-20 

No.  12. 

Fresh  milk 

After  13  week> 

0    i*"! 

J -83 

No.  13. 

Fresh  milk 

3-58 

After  2  weeks 

„    4      „     

....     357 
...     3  53 

..    6      

..    8      

....     3-53 
3  51 

The  results  are  not   affected   by   the  presence  of  added   water. 
Thus,  by  the  addition  of  10  per  cent,  of  water:  — 


S<iiiiplc. 

No.  1.   Fresh  milk    ... 
After  2  week.s 
,,     4       ,, 


Fat,  per 

Fat,  per 

cent. 

Sample. 

cent. 

3-44 

No.  2.  Fresh  milk 

2-79 

:V41 
:V40 

After  5 J  weeks.. 

.2-78 
•  \.2  76 

Q 

2 
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With  approximately  25  per  cent,  of  added  water : 


Fat,  per 

Sample.  cent. 

No,  1.  Fresh  milk    2-84 

After  2  weeks  2-89 

,,     4     „       2-84 

,,     6     ,,       2-84 

„     8      ,,       2-85 


Fat,  per 
Sample.  cent. 

No.  2.  Fresh  milk    172 

After  2  weeks  l"7l 

,,     4      ,,       1-73 

,,     6     , 1-69 


These  results,  it  should  be  noted,  were  obtained  from  a  great 
variety  of  samples  in  various  stages  of  fermentative  change,  by 
assistants  working  independently,  and  at  different  periods  during 
the  last  ten  years,  but  all  using  substantially  the  same  method  of 
extraction,  both  with  the  fresh  and  sour  milk.  The  numbers  are 
almost  invariably  the  mean  of  duplicate  experiments  which,  as  a 
rule,  differed  among  themselves  by  amounts  not  greater  than  002 
per  cent. 

They  serve  to  establish  that  if  the  fat  in  milk  suffers  any  altera- 
tion in  amount  as  the  milk  becomes  sour,  it  is  too  inconsiderable  to 
affect  to  any  substantial  extent  the  experimental  proof  of  the 
validity  of  any  charge  based  on  an  alleged  deficiency  in  fat. 

As  regards  a  charge  based  on  an  alleged  deficiency  of  non-fatty 
solids,  the  matter  is  not  so  simple,  for  here  there  is  no  question  that 
the  aggregate  weight  of  the  non-fatty  solids  in  milk  is  affected  to  a 
greater  or  less  extent  by  the  fermentative  changes  associated  with 
its  souring.  It  is  necessary,  therefore,  to  examine  these  changes  in 
some  degree  of  detail,  in  order  to  ascertain  their  bearing  on  the 
experimental  facts  needed  to  establish  the  inference  of  sophisti- 
cation, and  to  determine  its  extent. 

As  is  well  known,  the  principal  constituent  of  milk  which  suffers 
change  in  the  process  of  souring  is  the  lactose.  From  it  lactic  acid 
is  formed  at  an  early  stage,  the  rapidity  of  formation  depending, 
within  certain  limits,  on  the  temperature.  That  the  production  of 
lactic  acid  is  due  to  the  action  of  micro-organisms  was  clearly 
established  by  Pasteur,  who  was  the  first  to  describe  a  characteristic 
organism  of  lactic  fermentation.  Lister  in.  1877,  Hueppe  in  1884, 
and  Giinther  and  Thierfelder  in  1894,  amongst  other  observers,  have 
isolated  and  described  various  bacteria  capable  of  transforming 
lactose  into  lactic  acid,  and  it  has  been  stated  that  upwards  of  100 
kinds  of  micro-organisms  are  now  known  to  have  the  power  of  effect- 
ing this  change  (Swithinbank  and  Newman,  Bacterioloyy  of  Milk, 
p.  156). 

The  chemical  transformation  of  lactose  into  lactic  acid  is  usually 
expressed  as  follows : 
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a-Lactui>e.  {/-Gluiose.        (f-UaUctoM*. 

C^HijO^  =   20H,-CH(0H)-C0,H 

d-Galactose.  (<<  +  /)  Uetic  add. 

It  will  be  observed  that  no  loss  of  weight  is  involved  in  the 
rhauge   as  thus  represent^. 

It  is  further  known  that  only  a  portion  of  the  lactoM  i«  trans- 
formed into  lactic  acid  in  the  souring  of  milk  under  ordinary 
conditions.  When  the  lactic  acid  reaches  a  certain  amount,  the 
activity  of  the  micro-organisms  concerned  in  the  change  would 
appear  to  be  inhibited. 

In  eight  series  of  experiments  made  on  different  milks  kept  at  a 
mean  temperature  of  about  18°  in  closed  bottles,  the  amount  of 
nonvolatile  acid  present  at  the  end  of  a  fortnight  ranged  from  0  65 
to  0  91  per  cent.,  calculated  as  lactic  acid.  ItXhen  slowly  increased, 
reaching  a  maximum  of  1  48  per  cent,  in  one  case,  at  th»  ♦*•»'?  '»f 
eight  weeks.     The  numbers  were  as  follows : 

Non-volatile  aekl,  oakoUted  a«  Luik  a:!. 


No.  1. 

2. 

S. 

4. 

ft. 

«. 

7. 

s 

Ai  I- 

lU    Ul      -     Wll  IvS..  . 

..     081 

0-81 

0  91 

075 

0-«5 

0-68 

074 

0  74  l«e*  cent 

4      ,,      .... 

..     0-91 

0»9 

0  89 

0-88 

0-7« 

0-90 

08A 

0C8 

)          '' 

0-93 

1-28 

0-80 

0-77 

0-85 

108 

0^ 

0'«5 

117 

1  18 

1-48 

OM 

1^ 

113 

0-54 

0-8« 

Taking  the  average  amount  of  lactose  in  milk  as  475  per  cent. 
and  assuming  that  the  maximum  figure  in  the  above  table — 1-48 
per  cent. — represents  lactic  acid,  and  that  no  lactic  acid  has  been 
lost  by  subsequent  fermentative  change,  it  would  appear  that  at  the 
end  of  eight  weeks  about  62  per  cent,  of  the  lactose  present  has 
been  transformed  into  lactic  acid  and  dextrose.  This  is  probably 
an  exceptional  instance;  in  the  greater  number  of  cases  considerably 
less  than  half  the  lactose  is  transformed. 

As  already  stated,  the  equations  above  given,  representing  the 
transformation  of  lactose  into  lactic  acid,  show  that  the  change  is 
accompanied  by  no  loss  of  weight  in  the  amount  of  the  non-fatty 
solids.  Inasmuch  as  the  lactic  acid  is  neutralised  in  the  course  of 
the  analysis  by  a  known  weight  of  strontia  and  weighed  with  the 
other  milk  solids,  the  total  weight,  less  the  corresponding  weight  of 
strontia,  should  be  equivalent  to  the  weight  of  the  non-fatty  solids 
in  the  fresh  milk,  provided  no  other  change  than  that  indicated  by 
these  equations  involving  loss  of  weight  took  place.  As  a  matter 
of  fact,  other  changes  actually  do  take  place,  and  these  involve  a 
slight  loss  of  weight.  The  latter  fact  is  shown  by  the  following 
numbers : 
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Noii-fatty 
solids, 
Sample.  per  cent. 

No.  1.  Fresh  milk    8-97 

After  4  weeks 8  74 

,,     7      „       8-61 

„  12      ,,       8-49 


No.  2.  Fresh  milk    ... 
After  4  weeks 


•60 


No.  3.  Fresh  milk    912 

After  14i  weeks  8-88 


No.  4. 


Fresh  milk    9-02 

After  6  weeks   8"56 


No.  5.  Fresh  milk    9*02 

After  7i  weeks 8"76 

„  11        ,,     8-53 

,,  13        ,,     8-35 

No.  6.  Fresh  milk 9-13 

After  8  weeks  8-88 


No. 


Fresh  milk    9-52 

After  lOi  weeks  9-25 


Non-fatty 
solids, 
Sample.  per  cent. 

No.    9.  Fresh  milk 9-27 

After  11  weeks 891 

No.  10.   Fresh  milk 9-11 

After  13  weeks  8*24 

No.  11.  Freshmilk 9-34 

After  13  weeks  9-01 

No.  12.  Freshmilk 8'42 

Alter  13  weeks  8-14 

No.  13.  Freshmilk 8-83 

After  13  weeks  8-56 

No.  14.  Freshmilk 9-20 

After  13  weeks  8-80 

No.  15.  Freshmilk 9-52 

After  2  weeks 9*33 

„       4      „     9-29 

6      ,,      9  32 

„       8      , 9-22 


After  the  addition  of  10  per  cent,  of  water: 


Non- fatty 

Non-fatty 

solids. 

solids, 

Sample. 

per  cent. 

Sample. 

\wi-  cent. 

No.  1.  Fresh  milk    

8-14 

No.  2.  Fresh  milk    

8-24 

After  2  weeks  .... 

7-96 

After  5^  weeks 

7'88 

4 
1)      ^      )) 

7-81 

After  the  addition  of  25  per  cent,  of  water : 


Non-fatty 
Rolid.s, 
Sample.  per  cent. 

No.  1.  Fresh  milk    7"70 

After  2  weeks  7-57 

„     4     „       7-52 

M     0     7-41 

„     8     „       7-47 


Non-fatty 
solids, 
Sample.  percent. 

No.  2.   Fre.sh  milk    7-6.3 

After  2  weeks  7"r)2 

„     4      „       7-40 

,.     6      „       6-95 


Similar  observations,  made  with  unwatered  separated  milks  con- 
taining about  01  per  cent,  of  fat,  gave  the  following  results : 


Per  cent. 

No,  1,  Frenh  milk    9-66 

After  9  weeks  9'86 

No.  2.   Fi.'mIi  milk    H91 

AfUjrfi  weeka   800 


Per  cent. 

No.  3.  Fresh  milk    861 

After  13  weeks 7-93 
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Separated  milks  containing  10  per  cent,  of  added  water: 

Per  cent. 

No.  1.   Fresh  milk    SIS 

Alter  a  weeks  786 

M    57     „        6-71 


No.  3.  Fresh  milk    

Per  cent. 
7-76 

After  lOi  weeks  ... 

7-11 

No.  4.  Freth  milk 

After  264  Mitxk:, 
„     27      „ 

7  80 
0-82 
t)19 

No,  2.  Fresh  milk    767 

AfU'r3week8  7-22 

,,    55     ,,        6-24 

These  observations  serve  to  show  beyond  any  doubt  that, 
concurrently  with  the  formation  of  lactic  acid,  there  are  produced 
substances  which  are  either  gaseous  at  ordinary  temperatures, 
or  are  volatilised  during  the  operation  of  detemvining  the  non- 
fatty  contents  of  the  sour  milk.  The  aggregate  weight  of  these 
substances,  either  gaseous  or  so  volatilised,  is  not  very  large,  but  it 
is  sufficient  to  affect  any  estimation  of  the  degree  of  sophistication 
to  which  the  milk  may  have  been  subjected. 

It  remains  now  to  ascertain  what  these  substances  are,  what  is 
their  amount,  and  if,  when  they  are  accounted  for,  it  may  not  still 
be  possible  to  deduce  a  trustworthy  inference  of  the  character  of 
the  original  milk. 

The  fact  that  butyric  acid  may  be  formed  in  the  souring  of  milk 
has  long  been  known.  Pasteur,  in  1861,  showed  that  it  may  be  de- 
rived from  lactic  acid  by  a  special  organism  ('  vibrion  butyriquc  "), 
and  since  that  time  a  number  of  observers — for  example,  Praz- 
mowski,  Gruber,  and  Winogradsky — have  described  various  species 
of  Vlostrulium  and  other  organisms  which  are  capable  of  producing 
butyric  acid  under  suitable  conditions. 

It  is  not  improbable,  therefore,  that  a  certain,  although  po^    " 
a   relatively   small,   amount   of   lactic   acid   is   transformed    uu 
certain   conditions  into  butyric   acid,   even   in  the  comparatively 
early  stages  of  the  souring  of  milk. 

It  is,  however,  certain  that  milk  in  which  the  butyric  stage  of 
fermentation  has  become  very  pronounced  is  of  relatively  infrequent 
occurrence  in  the  samples  received  for  analysis  at  the  Government 
Laboratory. 

Oil  the  other  hand,  acetic  acid  is  almost  luvariaDiy  present  in 
such  examples.     The  amount  is  never  very  large,  and  seldom  ex- 
ceeds 0  2  per  cent.,  even  at  the  end  of  a  month.     In  the  series  of 
the  eight  experiments  previovisly  mentioned,  the  percentage  amount 
of  the  total  volatile  acids  formed  during  the  souring  of  the  several 
samples,  fotir  in  the  case  of  each  milk,  was  as  follows : 
Volatile  acids,  calculated  as  acetic  acid. 
No.  1.     2.         3.         4.         5.         6.         7.         8. 
At  end  of  2  weeks 013    012    Oil     0-19     013    010     013     010  percent 

4  ,,     010    0-32    016     0-14     010    035    Oil     017 

,,        6     ,,     013     0-46     0-28     0-17     0-12     0-37     013     018 

5  ,,     009     0-54     0-55     036     010     036     026     047 
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In  the  second  month,  the  presence  of  butyric  acid  was  more 
marked  in  certain  of  the  samples,  as  in  the  second  and  third 
samples,  where  the  maximum  numbers  were  0-54  and  0-55  per  cent. 

The  precise  mechanism  of  the  production  of  the  volatile  acids  in 
the  sour  milk  is  not  very  clear.  Butyric  acid  is  generally  assumed 
to  be  derived  from  lactic  acid  in  accordance  with  the  equation — 

2CH3-CH(OH)-C02H   =   CH3-[CH2],-C02H   +   200^   +   2H2. 

The  acetic  acid  may  arise  either  from  the  oxidation  of  lactic  acid 
or  of  ethyl  alcohol,  which,  as  we  shall  see,  is  an  almost  invariable 
constituent  of  soured  milk. 

CH3-CH(OH)-C02H   +    02   =    CHg-COaH   +    CO2   +H2O 
CHg-CHa'OH   +   02   =    CHg-OOgH   +    H2O. 

For  each  molecule  of  acetic  acid  produced  there  is  formed  in  the 
one  case  a  molecule  of  carbon  dioxide  and  a  molecule  of  water; 
and  in  the  other  case  only  a  molecule  of  water.  In  the  latter  in- 
stance, however,  a  molecule  of  carbon  dioxide  has  already  been  lost 
in  the  production  of  the  alcohol,  so  that  the  resultant  loss  is  the 
same  in  either  case. 

In  the  formation  of  a  molecule  of  butyric  acid  from  lactic  acid 
there  are  formed  two  molecules  of  carbon  dioxide  and  two  molecules 
of  hydrogen. 

Of  course,  in  the  actual  conduct  of  the  analysis,  any  acetic  and 
butyric  acids,  as  well  as  any  small  quantity  of  dissolved  carbonic 
acid,  present  are  neutralised  by  the  strontia  used  preparatory  to 
evaporation,  and  are  weighed  with  the  non-fatty  solids.  What  is 
not  weighed  is  the  carbon  dioxide  which  has  escaped  from  the 
soured  milk  before  neutralisation,  together  with  the  water  and  free 
hydrogen  which  may  be  formed  indirectly  out  of  the  lactose. 

As  already  stated,  ethyl  alcohol  is  an  almost  invariable  con- 
comitant of  the  fermentative  changes  which  occur  in  milk  kept 
under  such  conditions  as  we  are  here  concerned  with.  In  experi- 
ments made  upon  specially  procured  samples  of  milk  known  to 
contain  no  alcohol  when  in  the  fresh  state,  alcohol  was  always 
formed  after  a  week  or  two;  and  out  of  several  hundreds  of 
samples  examined  under  the  provisions  of  the  Sale  of  Food  and 
Drugs  Acts  the  cases  have  been  very  few  in  which  alcohol  could  not 
be  detected.  The  quantities  formed  during  the  eight  series  of 
experiments  already  referred  to  were  as  follows : 

Alcohol,  calculated  as  ethyl  alcohol. 
No.  1.       2.  3.  4.  5.  6.  7.  8. 

Ateiidof  2  weekB  0  060    0129    0-021    0-042    0-042    0-105    0012  0-048  percent. 

„        4      ,,       0-078    0132    0-054    0-000    0-051    0-108    0-039  0-087 

,,         6      „       0060    0-162    0  093    0087    0-090    0135    03'12  0*093 

8      .,       0-090    0-150    0-090    0-222    0-071    0-120    0-354  0-204 
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The  production  of  ainall  quantities  of  sicobol  in  cow's  milk  when 
kept  without  the  addition  of  any  special  ferment  has  also  been 
remarked  by  other  observers  (Vieth,  Amdyttt,  1887,  12,  2;  Kingseit, 
ibid.,  234;  Kozai,  Zeit.  Uyy.  Inf.,  19Ul,  38,  386)  In  some  eues, 
however,  the  evidence  offered  has  not  conclusively  proved  that  the 
substance  in  question  was  alcohol;  thus  U.  and  U.  Uenaold  {MiUk 
Zeit.,  1901,  30,  181)  object  to  all  pit>ofs  thai  are  has«d  on  th* 
iodoform  reaction  alone. 

The  conversion  of  lactose  into  alcohol,  although  it  does  not  occur 
with  ordinary  yeast,  has  been  shown  by  Loriu  (Zeit.  ttnai.  Chetn., 
187<J,  18,  107)  to  be  effected  by  certain  siieeies  of  Sckitomjff^m, 
If  lia>  1  It-en  given  as  occurring  m  the  two  stages :  — 

(1)  C„H^O„.H,0     =     C,H„0,  +     C;H„0. 

■  Lactose.  d-G\ncfm.  4-Oak»fitom. 

(2)  C\Hj,0^  -     2C,M5-OH      +     2C0, 

(/•Gluou«e. 

TuUens  and  Stone,  however,  have  shown  (Btr.,  1888,  21,  1572) 
that  galactose  itj  •  '  iitable  if  the  ntirmmrj  food  for 

the  niicro-organibii         ;  uat  in  the  caae  of  UcCoae  in  milk 

the  reaction  may,  perhaps  equally  well,  be  expressed  aa:  — 

C|,H«0„,Hp  »   iCjHj-OH   +   4C0v 

Moreover,  ordinary  yeast  ferments  are  known  to  be  occasionally 
present  in  samples  of  market  milk,  especially  as  exposed  for  sale  in 
large  towns ;  it  is  not  improbable,  therefore,  that  these  may  directly 
attack  the  </-glucose  produced  in  the  course  of  the  change  of  the 
lactose  to  lactic  acid. 

In  any  case,  the  production  of  one  molecule  of  alcohol  corresponds 
to  the  elimination  of  one  molecule  of  carbon  dioxide,  so  th»t  the 
decrease  of  weight  in  the  lactose  due  to  the  production  of  these  two 
volatile  compounds  is  =90/46  times  the  weight  of  the  alcohol 
produced. 

In  ordinary  alcoholic  fermentation,  it  is  well  known  that  a  small 
proportion  of  the  fermented  sugar,  about  one-twentieth  of  the 
whole,  is  not  converted  into  ethyl  alcohol.  The  chief  by-products 
ai'e  higher  alcohols,  glycerol,  and  succinic  acid.  Assuming  that  this 
or  something  analogous  occurs  also  in  the  production  of  alcohol 
from  milk,  it  is  to  be  remarked  that  the  by-products  can  have  no 
sensible  effect  on  the  conclusions  drawn  from  the  quantity  of  alcohol 
present.  Since  the  main  product  is  itself  but  small,  the  by-products 
are,  for  practical  purposes,  negligible;  moreover,  they  are  already 
partly  taken  account  of  in  the  analysis,  since  any  traces  of  higher 
alcohols  are  weighed  with  the  ethyl  alcohol,  and  succinic  acid  is 
neutralised  and  weighed  with  the  solid  matter. 
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Turning  now  to  the  iDroteids;  the  ordinary  "curdling"  of  milk 
in  the  early  stages  is  a  simple  precipitation  of  the  casein,  due  to 
the  interaction  of  the  lactic  or  acetic  acid  with  the  calcium  com- 
pound of  the  proteid.  But  proteolytic  changes  may  also  occur,  con- 
sequent on  the  development  of  enzyme-forming  bacteria.  These 
changes  result  in  the  conversion  of  a  portion  of  the  casein  and 
albumin  into  proteoses  and  peptones,  giving  at  a  later  stage  amino- 
compounds,  such  as  leucine,  lysine,  and  tyrosine.  A  small  quantity 
of  ammonia  and  amine  bases  may  also  be  produced. 

Profound  as  these  changes  are,  their  net  effect  on  the  weight  of 
the  proteids,  under  such  conditions  as  we  are  here  concerned  with, 
is  relatively  insignificant.  It  must  be  borne  in  mind  that  the  whole 
of  the  products  mentioned,  with  the  possible  exception  of  traces  of 
ammonia  and  amines,  are  weighed  with  the  unchanged  casein  and 
other  non-fatty  solids  in  the  course  of  the  analysis.  It  is  only  a 
question  of  the  change  of  total  weight  involved  in  the  conversion 
of  the  protein  molecule  into  the  simjDler  compounds  indicated  above. 
On  the  one  hand,  there  may  be  a  gain  of  weight  due  to  the  absorp- 
tion of  the  elements  of  water  in  the  hydrolysis  of  the  casein  mole- 
cule; on  the  other  hand,  there  may  be  a  loss,  consequent  on  the 
ultimate  conversion  of  a  portion  of  the  casein  into  carbon  dioxide, 
ammonia,  and  water. 

However  this  may  be,  experimental  evidence  shows  that,  as 
regards  its  effect  upon  the  weight,  the  net  result  of  these  changes 
is  usually  very  small.  The  total  loss  of  solid  matter  from  all  causes 
whatever  ranges,  as  a  rule,  only  from  0-2  to  0-5  per  cent.,  and  nearly 
the  whole  of  this  is  accounted  for  by  the  transformation  of  lactose 
into  alcohol  and  volatile  acid.  A  few  typical  examples  will  illustrate 
this;  the  first  series  relates  to  unwatered  milk,  the  second  to  milk 
containing  approximately  25  per  cent,  of  added  water. 


Non 

I- fatty  solids. 

Accounted  for 

^y 

Deficiency,  including 

^^ 

fliPAnfil  niiM 

loss  due  to  cliange 
in  i>roteids. 

Freah  milk 

Sour  milk. 

Loss. 

volatile  acid 

9-62 

2w 

oeks  old 

9-33 

0-19 

0-16 

0-03 

ff 

4 

9-29 

0-23 

0-18 

0  05 

yy 

6 

9-82 

0-20 

0-17 

0-03 

7-70 

2 

7-67 

0-13 

0-13 

0-00 

II 

4 

7-52 

0-18 

0-14 

0  04 

If 

(J 

7-41 

0-29 

0-22 

0-07 

Determinations  of  the  amounts  of  animonia  produced  in  the  eight 
series  of  experiments  previously  referred  to  showed  that  the  per- 
centage of  ammonia  (including  amines  as  estimated  by  Nesslerisiug) 
ranged  from  0001  to  0 012  per  cent,  during  the  eight  weeks  covered 
by  the  oxpcriments.     These  quantities  correspond,  at  most,  to  a 
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loss  of  proteids  ranging  from  0  006  to  0  075   per  cent.,   and   for 
practical  purposes  are  almost  negligible. 

In  order  to  obtain  further  knowledge  of  the  nature  and  amount 
of  the  substances  produced  in  the  souring  of  milk  under  the 
conditions  in  which  reference  samples  are  usually  kept,  the 
following  experiments  were  made:  — 

About  twenty  gallons  of  milk  was  mixed  with  one-fourth  of  its 
volume  of  water,  placed  in  stoppered  bottles,  and  kept  at  a  mean 
tenjperature  of  about  18°  during  a  period  of  ten  to  twelve  weeks. 
At  the  end  of  that  time  the  acid  liquid  was  distilled,  the  distillAt« 
made  alkaline,  and  re  distilled.  The  distillation  was  again  repeated, 
the  liquid  being  rendered  alternately  acid  and  alkaline  and  con- 
centrated by  means  of  a  fractionating  column.  Eventually  the 
alcoholic  distillate  was  rectified  successively  over  potassium  car- 
bonate and  lime,  and  finally  distilled  after  long  standing  over 
quick-lime. 

By  this  means  a  total  quantity  of  76  4  grams  of  ethyl  alcohol  was 
separated  from  the  sour  milk.  That  this  was  ethyl  alcohol  was 
proved  by  the  following  facts :  It  distilled  completely  between  782° 
and  78  6°  (corr.)  and  chiefly  between  78  3°  and  785°  (corr.).  Its 
specific  gravity  at  15  5°/ 15  5°  was  0  7935.  Ten  c.c.  of  the  alcohol, 
treated  with  15  grams  of  iodine  and  2  grams  of  phosphorus,  yielded 
8  c.c.  of  alkyl  iodide,  from  which  on  rectification  7  c.c.  were  obtained 
distilling  completely  between  71  1°  and  71  8°  (corr.),  and  which  con- 
sisted, therefore,  of  practically  pure  ethyl  iodide.  A  portion  of  the 
alcohol,  converted  into  its  /«-dinitrobenzoic  ester,  yielded  white 
needles  melting  at  92  C°  (corr.),  corresponding  to  the  melting  point 
of  ethyl  w/-dinitrobenzoate.  There  is  no  question,  therefore,  that 
ethyl  alcohol  is  one  of  the  products  of  the  souring  of  milk  when  kept 
under  ordinary  conditions. 

The  solution  of  sodium  salts  of  the  volatile  acids  obtained  in  the 
distillation  was  concentrated,  acidified,  and  extracted  with  light 
petroleum.  On  distilling  off  the  solvent  and  fractionating  the  dis- 
solved acids,  a  large  quantity  of  «-butyric  acid  was  obtained. 
The  total  amount  of  this  acid,  including  a  small  quantity  yielded 
by  the  subsequent  operations,  was  approximately  390  grams;  of 
this,  300  grams  were  separated  as  the  nearly  pure  acid,  and  the 
remainder  was  contained  in  the  intermediate  fractious. 

The  following  data  characterise  this  product  as  n-butyric 
acid:  b.  p.  162°  to  163  5°  (corr.);  m.  p.  of  the  y-toluidide,  73-7°. 
0*4900  gram  of  the  barium  salt  gave  0"3674  gram  of  BaSO^,  correspond- 
ing to  Ba  =  44  13  per  cent.;  barium  butyrate  requires  Ba  =  44  11  per 
cent. 
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Tlie  aqueous-acid  liquid  from  the  light  petroleum  extraction  con- 
tained a  little  butyric  acid,  possibly  propionic  acid,  and  the  greater 
portion  of  the  lower  homologues.  It  was  neutralised,  evaporated  to 
dryness,  and  a  portion  of  the  sodium  salts  tested  qualitatively  for 
formic  acid.  No  evidence  of  the  presence  of  this  acid  could  be 
obtained.  The  sodium  salts  were,  therefore,  distilled  with  slightly 
diluted  sulphuric  acid,  and  the  resulting  volatile  acids  fractionated 
to  remove  as  much  of  the  butyric  acid  as  practicable ;  the  remainder 
was  then  treated  with  lead  oxide  and  examined  by  Linnemann's 
method,  but  no  definite  evidence  could  be  obtained  of  the  presence 
of  propionic  acid.  Eventually,  by  fractional  neutralisation  and 
distillation,  we  obtained  an  aqueous  solution  of  nearly  pure  acetic 
acid,  and  intermediate  fractions,  which  contained  acetic  and  butyric 
acids  and  possibly  a  little  propionic  acid.  The  acetic  acid  was 
definitely  characterised  by  its  ^^-toluidide,  which,  after  two 
crystallisations  from  boiling  water  and  one  from  benzene,  melted 
at  147-8°  (corr.).  (The  m.  p.  of  pure  aceto-jj-toluidide  is 
variously  given  as  148-2°  and  153°.)  0-2184  gi-am  of  the  barium  salt 
prepared  from  the  acid  gave  0-1976  gram  of  BaSO^;  Ba  =  53-2  per 
cent.  ;  whereas  (C2H302)2Ba  requires  Ba  =  53-8  per  cent.  The 
total  quantity  of  acetic  acid  was  calculated  to  be  approximately  116 
grams,  or  between  one-fourth  and  one-fifth  of  the  whole  amount  of 
volatile  acid. 

A  small  quantity,  less  than  2  grams,  of  an  acid  having  a  higher 
molecular  weight  than  butyric  acid  was  also  obtained.  Its  barium 
salt  contained  30-5  per  cent,  of  barium,  corresponding  closely  to  the 
salt  of  a  nonoic  acid ;  but  since  its  boiling  point  was  not  constant, 
the  fraction  was  considered  to  be  a  mixture  of  homologues.  The 
quantity,  however,  is  less  than  1/ 200th  part  of  the  total  acids,  and 
in  the  present  connection  is  of  no  practical  importance. 

The  acids  of  which  we  have  certainly  established  the  existence  in 
the  sour  milk  are  acetic  and  buytric;  if  any  propionic  acid  is 
present,  it  can  only  be  present  to  the  extent  of  insignificant  traces, 

A  reserved  portion  of  the  fermented  milk  was  filtered  from  fat 
and  coagulated  casein,  and  neutralised  with  alkali;  a  precipitate  of 
acid-albumin  was  given.  The  proteids  in  solution  (albumoses  and 
peptones)  were  precipitated  with  tannic  acid  and  sodium  chloride, 
allowed  to  deposit,  an  aliquot  part  of  the  supernatant  liquid  passed 
through  a  filter,  and  distilled  with  magnesia  to  separate  any 
volatile  bases  from  the  amino-acids  which  might  be  present  in 
the  solution.  The  distillate  was  received  in  an  excess  of  hydro- 
chloric acid,  and  evaporated  to  dryness;  from  100  c.c.  of  the  milk- 
serum  0136  gram  of  chlorides  was  obtained.  On  treatment  of  the 
chlorides  with  "  absolute  "  alcohol  0074  gram  was  dissolved      The 
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dissolved  portion  was  proved  by  the  analysis  of  its  platinichloride 
to  consist  largely,  and  the  undissolved  residue  entirely,  of 
ammonium  chloride : 

Dissolved  portion  :  0  0479  platinum  salt  gave  Pt  =  00208,  Pt  =  43-4 
per  cent.  Residual  portion :  0-0452  platinum  salt  gave 
Pt-00198,  Pt  =  43  8  per  cent ;  (NHJ,PtCl^  requires  Pt  =  439  per 
cent. 

From  these  numbers  it  follows  that  practically  the  whole  of  the 
volatile  base  consists  of  ammonia. 

A  determination  of  the  ammonia  by  NeaslMr's  method,  carried 
out  on  the  filtered  milk  without  separation  of  the  albumoses  or 
distillation,  gave  a  result  corresponding  to  0  134  gram  of  ammonium 
chloride  per  100  c.e.,  aigreeing  substantially  with  the  gravimetric 
determination. 

Hence,  therefore,  it  may  be  considered  proven  that  by  far  the 
greatest  proportion  of  the  volatile  products  of  the  fermentation  of 
milk,  other  than  water  and  carbon  dioxide,  are  ethyl  alcohol,  acetic 
and  butyric  acids,  and  a  small  quantity  of  ammonia.  A  small  propor- 
tion of  higher  acids,  possibly  traces  of  propionic  acid,  and  of  volatile 
organic  bases  may  also  be  produced.  But  the  amount  of  these  by- 
products, in  comparison  with  the  main  quantities,  is,  in  any  case,  so 
small  that  in  the  present  connection  they  are  of  no  practical 
significance. 

The  experimental  evidence  thus  detailed  enables  us  to  deal  with 
the  practical  question  involved  in  this  inquiry,  which  is,  whether  it 
is  practicable,  from  a  study  of  the  changes  which  occur  in  milk 
during  the  process  of  souring,  to  ascertain,  with  suflScient  accuracy 
for  the  purposes  of  justice,  what  was  the  proportion  of  non-fatty 
solids  in  the  original  milk. 

In  this  connection  two  remarks  may  be  made.  First,  the  great 
majority  of  samples  dealt  with  are  only  fermented  to  a  relatively 
small  extent;  they  are  between  three  and  six  weeks  old,  have  been 
preserved  in  sealed  bottles  containing  only  a  limited  quantity  of  air, 
and  the  total  diminution  in  weight  of  their  non-fatty  solids,  due  to 
the  formation  of  volatile  products,  is  usually  only  a  few  tenths  of 
1  per  cent. — from  0  2  to  05  in  fact.  Therefore,  the  question  in  its 
practical  aspect  does  not  involve  the  more  considerable  changes 
which,  no  doubt,  may  be  produced  in  milk  by  long-continued  fer- 
mentation under  other  conditions.  Secondly,  in  ordinary  careful 
determinations  of  the  non-fatty  solids  in  the  same  sample  of  fresh 
milk  by  different  persons,  the  results  may  frequently  differ  by  01  to 
0  2  per  cent. 

For  instance,  on  p.  392  of  the  Minutes  of  Evidence,  "  taken 
luf.ne  a  Departmental  Committee  appointed  to  consider  regulations 
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for  milk  and  cream  (Blue  Book,  1901,  Cd.  484),  the  results  are 
given  of  some  specially-devised  test-experiments,  arranged  to  in- 
dicate the  effect  of  "  personal  equation,"  and  carried  out  by  three 
well-known  operators.  The  mean  values  of  the  average  results 
obtained  by  each  analyst  for  the  non-fatty  solids  in  certain  samples 
of  milk  are  8-88,  8-79,  and  8-90  per  cent.,  showing  a  maximum  dif- 
ference of  01 1  per  cent.  The  mean  values  of  the  separate  results 
show  differences  exceeding  0-2  per  cent,  in  some  cases. 

Consequently,  in  deciding  what  may  be  considered  as  "  sufficient 
accuracy  "  in  the  present  connection,  it  may  fairly  be  assumed  that 
an  agreement  of  the  calculated  non-fatty  solids  with  the  original 
quantity  to  01 — 0-2  per  cent,  is  a  satisfactory  result.  An  error  of 
01  per  cent,  corresponds  to  an  error  of  about  1  per  cent,  in  cal- 
culating the  amount  of  added  water. 

The  analysis  of  milk  in  the  case  of  samples  referred  to  the  Govern- 
ment Laboratory  is  conducted  by  what  is  known  as  the  "  macera- 
tion "  process,  and  the  weight  of  the  non-fatty  solids  and  fat  is 
independently  ascertained  in  duplicate  experiments,  whilst  as  a 
control  a  direct  determination  of  the  total  solids  is  made  on  a  third 
portion  of  the  milk. 

From  the  judicial  standpoint,  it  is  obviously  desirable  that  the 
quantity  of  any  constituent  on  which  a  legal  charge  may  be  based 
should  be  determined  by  direct  weighing  rather  than  by  difference. 
The  "  maceration  "  process  is  the  only  method  applicable  to  sour 
milks  which  leaves  the  residual  non-fatty  solids  in  a  convenient 
form  for  accurate  weighing.  The  trustworthiness  of  the  determina- 
tions of  fat  by  this  method  has  been  completely  established  in  the 
Government  Laboratory.  It  has  been  repeatedly  proved,  by  direct 
and  independent  experiments,  that  when  the  process  is  conducted  in 
the  manner  described  (p.  220),  practically  the  whole  of  the  fat  is 
extracted  and  is  obtained  in  a  form  admitting  of  accurate  deter- 
mination. Comparison  with  other  methods  has  also  been  made; 
thus  the  following  results  were  obtained,  generally  by  two  analysts 
working  independently,  in  ascertaining  the  amount  of  fat  in  forty 
samples  of  milk,  both  by  the  "  maceration  "  process  and  by  the 
method  known  as  the  "  Werner-Schmid  "  process : 

Percentages  of  fat. 

Maceration  2"59 

Werner-Hchniid  2*59 

Maceration   2*04 

Werner-Schmid  2 '02 

Maceration  3  "79 

Werner-Schmid  379 

Maceration  273 

Werner-Schmid  273 

Maceration  2 '85 

Wcrner-Schniid  278 


278 

1-91 

2-15 

1-64 

274 

2-53 

276 

2-94 

2-88 

1-91 

2  33 

171 

273 

2-52 

277 

2-86 

2-48 

376 

279 

3-18 

8-64 

2-64 

518 

2-39 

2-48 

373 

273 

314 

878 

2-55 

5-22 

2-41 

810 

2-94 

2-08 

2-59 

3-49 

2-68 

2-48 

315 

2-86 

2  09 

2-54 

3-51 

2-69 

2-49 

2-44 

3-11 

4-05 

2-13 

3-56 

2  39 

274 

2  44 

316 

4-04 

201 

341 

2-30 

271 

2-65 

2-95 

0-63 

2  54 

2*48 

2  02 

2-81 

0-55 

2-63 

2-41 
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The  Werner-Schmid  method  of  deiMtnining  the  fat  is  admittedly 
liable  to  certain  small  errors,  but  as  these  tend  to  compensate  each 
other,  it  is  generally  accepted  by  public  and  other  analysts  as  yield- 
ing substantially  accurate  results  (Richmond,  Dairy  Chemutry^ 
p.  99—100;  Winter  Blyth,  FooJ$,  their  Composiiion  and  Analytis^ 
p.  221;  Allen,  Commercial  Organic  Analysis,  Vol.  IV.,  p.  135). 
Comparison  of  the  "  maceration "  process  with  other  standard 
methods  has  been  specially  made  by  independent  observers;  thus 
Richmond  (Dairy  t'hemiitry,  pp.  94 — 96)  remarks  that  "the  det«r- 
mination  of  fat  (by  the  '  maceration '  process)  (on  fresh  milk]  has 
proved,  in  the  author'  "     to  be  accurate,  as  is  shown  by  the 

following  figures  of  d(  >  a  ions  of  fat  by  the  Bell  (maceration) 

and  Adams  methods  respectively: 


"Fst,  Bell  .. 

"Fat,  Adams 


2S    4'«1     019    a-CS    9-13    S-45    S^     8^^    4  1« 

">     '■  "•     0-30     2«1     8-09     8  4-»     S  05     ^  "      '  ?1  ' 


The  results  uf  a  author  series  of  test-experiments,  carrttxi  out  by 
three  analysts  independently,  on  nine  samples  of  fresh  milk  with 
the  view  of  indicating  the  variations  between  the  results  given  by 
several  methods,  are  given  in  detail  on  p.  391  of  Blue  Book,  Cd.  484 
(Minutes  of  Evidence,  Departmental  Committee  on  Milk  and 
Cream  Regulations).  The  mean  figures  for  all  the  fifty-four 
analvses  are  as  follows: 


Fat,  per 

Mt'thixl.  cent. 

Adaius  (dry  ether)  8-76 

,,      (c\>uimercial  ether)  ...     8*78 

Werner-S^hmid .  - 3  88 


Fat,  per 
HethttL 

Maoeimtioii 

C«ntrifu«»l 3  72 

C«Btrifui«l  (R) 3-72 


Here  the  figure  yielded  by  the  maceration  method  is  exactly  the 
average  of  all  the  others,  and  is  practically  the  same  as  that  given 
by  the  two  "  Adams  "  methods. 

Before  proceeding  with  the  analysis  of  a  sample  of  sour  milk  in 
the  Government  Laboratory,  the  contents  of  the  bottle  are  trans- 
ferred to  a  suit-able  vessel  and  thoroughly  mixed  with  a  wire  whisk. 

Portions  of  the  sample,  about  10  grams  in  each  case,  are  weighed 
out  into  flat-bottomed  platinum  capsules,  each  of  which  has  been 
t^red  along  with  a  short  glass  rod  having  a  flattened  end.  All  the 
weighings  and  measurements  are  independently  checked  by  two 
analysts.  The  weighed  quantities  are  next  neutralised  with  N/10 
solution  of  strontia,  using  phenolphthalein  as  indicator. 

The  milk  is  then  evaporated  over  the  water-bath  until  the  residue, 
which  towards  the  end  should  be  dried  at  a  very  gentle  heat  and 
with  constant  stirring,  attains  the  consistency  of  dry  cheese.  About 
20  c.c.  of  dehydrated  ether  are  poured  over  the  milk  solids,  which 
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are  then  carefully  triturated  with  the  glass  rod.  The  ethereal 
solution  of  the  fat  is  passed  through  a  filter,  which  has  previously 
been  dried  and  weighed  in  a  weighing-bottle,  and  the  maceration  of 
the  milk  is  continued  with  eight  successive  quantities  of  ether.  At 
the  conclusion  of  the  process,  the  non-fatty  solids  should  be  in  a  fine 
state  of  division  resembling  the  precipitated  chalk  of  pharmacy.  Be- 
fore becoming  quite  dry,  the  solids  are  transferred,  as  far  as  practic- 
able, to  the  weighing  bottle,  the  filter-paper,  washed  free  from  fat,  is 
replaced  in  the  bottle,  and  the  whole,  with  the  platinum  capsule 
containing  the  small  adherent  quantity  of  solids,  is  dried  at  100°  for 
three  hours,  and  weighed.  The  weight  is  again  taken  after  drying 
for  a  further  two  hours,  and  a  final  confirmatory  weighing  after 
another  hour;  the  two  last  weights  should  not  differ  by  more  than 
a  milligram.  Deducting  000428  gram  for  each  c.c.  of  iV/10  strontia 
used  in  the  neutralising,  the  result  gives  the  amount  of  non-fatty 
solids  actually  present  in  the  quantity  of  milk  taken  for  the 
analysis. 

The  ethereal  solution  of  the  milk-fat  is  received  in  small  tared 
flasks ;  from  these  the  ether  is  distilled  and  the  weight  of  the  dried 
fat  ascertained. 

As  regards  the  alcohol,  50,  75,  or  100  grams  of  the  milk  are  dis- 
tilled, and  the  distillate  re-distilled  after  being  neutralised  with 
iV/10  caustic  soda  solution,  litmus  paper  being  used  as  the  indicator. 
The  specific  gravity  of  the  distillate,  made  up  to  the  original  or 
other  convenient  bulk,  is  determined  in  a  50  gram  pycnometer,  and 
the  quantity  of  alcohol  corresponding  to  this  specific  gravity  is 
deduced  from  a  table.  Tlie  percentage  by  weight  of  alcohol, 
multiplied  by  90/46,  gives,  as  already  explained  (p.  213),  the 
percentage  amount  of  lactose  which  has  disappeared  in  the  pro- 
duction of  the  alcohol. 

As  regards  the  experimental  error  involved  in  determining  small 
amounts  of  alcohol  by  means  of  the  pycnometer,  it  may  be  remarked 
that  many  thousands  of  such  determinations  are  made  every  year 
in  the  Government  Laboratory.  The  experience  thus  gained  shows 
that  in  well-conducted  experiments  the  differences  obtained  in  suc- 
cessive tests  of  the  same  liquid — this  liquid  containing  alcohol  in 
about  the  same  proportion  as  is  found  in  sour  milk — would  rarely 
or  never  exceed  000002,  in  terms  of  specific  gravity,  and  usually 
would  not  be  more  than  0  00001.  The  higher  of  these  figui'es 
would,  in  the  case  of  milk,  correspond  to  about  002  per  cent,  of 
non-fatty  solids. 

The  amount  of  volatile  acid  is  ascertained  as  follows :  10  grams 
of  the  milk,  contained  in  a  platinum  capsule,  are  neutralised  to  the 
oxlont  of  oue-iialf  the    total    acidity    (previously    determined    on 
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another  portion)  with  3^/10  caustic  soda,  and  a  little 
phenolphthalein  added.  The  mixture  is  then  evaporated  to  dryness 
on  a  water-bath  with  frequent  stirring,  and  after  treatment  with 
about  20  c.c.  of  boiling  distilled  water  so  as  to  break  up  and 
thoroughly  detach  the  milk  solids  from  the  capsule,  a  further  addi- 
tion of  ^'  jlO  caustic  soda  is  made,  until  the  neutral  point  is  reached. 
The  difference  between  the  original  acidity  of  the  milk  and  that  of 
the  evaporated  portion  is  regarded  as  acetic  acid.  As  previously 
shown,  the  production  of  each  molecule  (60  parts)  of  this  acid 
denotes  a  loss  of  one  molecule  of  carbon  dioxide  and  one  of  water, 
that  is,  a  loss  of  62  parts  of  the  original  lactose. 

When  it  is  desired  to  take  account  of  any  butyric  acid  that  piay 
be  present,  the  volatile  acids  are  separated  by  distillation  from  the 
quantity  of  milk  which  has  been  taken  for  the  determination  of 
the  alcohol.  A  portion  of  the  mixed  aqueous  acids  is  neutralised 
with  barium  hydroxide,  evaporated,  and  dried  until  the  weight  ia 
constant.  From  the  percentage  of  barium  contained  in  the  mixed 
salts,  the  proportions  of  the  two  acids  are  calculated.  Each  molecule 
of  butyric  acid  (88  parts)  denotes  a  loss  of  92  parts  of  lactose;  the 
loss  of  lactose  due  to  the  formation  of  acetic  acid  is  calculated  m 
before. 

To  estimate  the  small  quantity  of  ammonia  formed,  2  grams  of 
the  milk  are  made  up  to  a  volume  of  100  c.c.  with  distilled 
ammonia-free  water,  and  filtered  through  a  carefully-washed 
filter.  In  10  c.c.  of  the  clear  filtrate,  increased  to  50  c.c.  by  th« 
addition  of  distilled  water,  the  ammonia  is  determined  by  Nessler's 
method,  using  a  standard  solution  of  ammonium  chloride  oonti^ining 
001   milligram  of  ammonia  per  c.c. 

Applying  the  foregoing  principles  to  the  examination  of  a  num- 
ber of  samples  of  milk  kept  under  observation  in  the  Government 
Laboratory,  we  give  first  the  results  of  experiments,  made  by  several 
observers,  in  cases  where  the  milk  did  not  develop  the  butyric 
fermentation,  or  only  to  an  insignificant  d^ee. 
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Table  I, — Unwatered  Whole  Milks. 
Loss  of  non-fatty  solids. 


(2)  Calculated  from  the 
experimental  determina- 

Difference 
between  the 

Time 

tions  of  alcohol, 

actual  loss  and 

kept. 

(1)  Actual,     acid,  and  ammonia. 

that  calculated. 

Sample. 

Weeks. 

Per  cent 

Per  cent. 

Per  cent. 

No.    1  . 

3 

0-26 

0-20 

-0-06 

4 

0-23 

0-21 

-0  02 

7 

0-36 

0-34 

-0  02 

>> 

.       12 

0-48 

0-49 

+  0-01 

No.   2. 

4 

0-39 

0-35 

-004 

No.    3  . 

6 

0-30 

0-33 

+  0  03 

>> 

.       14i 

0-24 

0-25 

+  0-01 

No.   4. 

6 

0-46 

0-58 

+  0-12 

No.    5. 

•     n 

0-26 

0-20 

-0  06 

.    11 

0-49 

0-49 

0  00 

>» 

.       13 

0-67 

0-61 

-0-06 

No.    6  . 

8 

0-25 

0-23 

-0-02 

No.    7  . 

.    m 

0-27 

0-35 

+  0-08 

No.    8  . 

.    11 

0-36 

0-32 

-0-04 

No.    9  . 

.       13 

0-87 

0-76 

-0-11 

No.  10  . 

.       13 

0-33 

0-41 

+  0-08 

No.  11  . 

.       13 

0-28 

0-26 

-0-02 

No.  12  . 

.       13 

0-27 

0-31 

+  0  04 

No.  13  . 

.       13 

0-40 

0-39 

-0-01 

No.  14  . 

2 

019 

0-16 

-0  03 

) )       . 

4 

0-23 

0-18 

-0  05 

6 

0-20 

0-17 

-0  03 

>i 

8 

0-30 
Table  II.— 

0-20 
Watered  Whole  Milks. 

-010 

(1)  Approximately  10  per  cent,  of  water  added 

Loss  of  uon- fatty  solids. 


Sami>le. 

Time 

kept. 

Weeks. 

(1)  Actual 
Per  cent. 

(2)  Calculated  from  the 
experimental  determina- 
tions of  alcohol, 
.     acid,  and  ammonia. 
Per  cent. 

Difference 

between  the 

actual  loss  and 

that  calculated, 

Per  cent. 

No.  1   .. 

2 

4 

0-18 
0-83 

0-27 
0-42 

+  009 
+  0-09 

No.  2  .. 

:    n 

0-86 
0-61 

0-48 
0-60 

-0  03 
-0  01 

2)  Approximately 

25  per  c(3i 

t.  of  water  added  : 

No.  1  .. 

It 

2 
4 
8 

8 

0-13 
018 
0  29 
0-23 

0-13 
014 
0-22 
0-19 

0-00 
-0  04 
-0-07 
-0-04 

Nn.     ■ 

on 

0-28 
0-68 

0  08 
012 
0-08 

-0  03 
-Oil 
-0  05 
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Table  III. — Cnwatered  Separated  Milh. 

Loss  of  non-fatty  solids. 


(2)  Calculateii  from  the 
experimental  determina- 

Diflerenee 
between  the 

Time. 

tions  of  alcohol, 

actual  lo6a  au<l 

kept. 
Weeks. 

(1)  Actual 

1.     acid,  and  ammonia. 

that  calculated. 

Sample. 

Per  cent. 

Per  cent. 

Per  cent. 

No.  1   .. 

4 

0-41 

0  22 

-0  1» 

5 

0  3'i 

0  13 

-0  18 

»» 

9 

0  31 

0-26 

-0  05 

No.  2   .. 

4 

0  29 

0  28 

-0  01 

»» 

5 

031 

0  20 

-Oil 

No.  3   .., 

4 

0  28 

0-24 

-0  04 

r> 

0-32 

0-28 

-0  01 

,.       ■•• 

13 

0»58 

0-58 

-010 

Table 

l\.— Watered  SepurtiUal  MUkt 

Approximately  10  per  cent,  of  water  added 
Loss  of  non-futty  &oUd». 


r 

v2)  Calculated  from  the 

BX{^rini 

leutal  determina- 

Time 

tions  of  alcohol, 

kept. 

(1)  Actual. 

acid, 

aud  ammonia. 

Sample. 

Wteks. 

Per  cent. 

Per  cent. 

No.  1    ... 

3 

0  32 

0  24 

M 

55 

1-47 

1  60 

M             ••' 

55 

154 

1  56 

n 

57 

1-47 

1  50 

No.  2  ... 

S 

0  45 

0  33 

u 

55 

1-43 

1  49 

No.  3   ... 

lOS 

0  65 

0-55 

No.  4   ... 

26J 

1  58 

1-59 

11 

27 

1-61 

1-69 

Difference 

between  the 

actual  Iocs  aud 

that  calculated. 

Per  cent. 

-008 

+  0  03 

-f0  02 

+  0  03 

-OTi 
+  0H)« 

-0  10 

+  001 
+  0  08 


In  nearly  all  the  foregoing  cases,  it  will  be  seen  that  the  actual 
amount  of  original  non-fatty  solids  has  been  very  closely  ascertained 
from  the  experiments  on  the  milks,  although  the  period  of  keeping 
was  sometimes  very  prolonged,  and  in  four  instances  extended  to  more 
than  a  year.  The  diflFerence  between  the  calculated  and  the  actual 
amount  is  usually  not  greater  than  might  be  obtained  in  duplicate 
determinations  made  by  the  same  operator  on  the  fresh  sample,  and 
in  only  two  cases  does  it  appreciably  exceed  the  difference  which, 
as  has  been  pointed  out,  two  careful  analysts  might  obtain  with 
the  same  sample.  The  amount  of  added  water,  whether  10  per  cent. 
or  25,  has  in  all  cases  been  correctly  indicated  to  within  about  I 
per  cent,  by  the  analysis  of  the  fermented  milk.  It  should  be 
added  that,  in  order  to  assimilate  the  conditions  to  something  like 
the  worst  which  would  be  found  in  practice,  the  larger  quantity  (25 

R  2 
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per  cent.)  of  water  was  in  one  series  of  experiments  a  much-polluted 
water  obtained  from  the  Old  Fleet  River. 

Milk  in  which  the  butyric  stage  of  fermentation  has  become  very 
pronounced  is  of  relatively  infrequent  occurrence  amongst  the 
samples  received.  Where  the  decomposition  is  considerable  and 
much  acid  has  been  formed,  it  is  sometimes  difficult,  on  account  of 
the  separated  casein,  to  get  the  sample  into  a  uniform  condition  for 
analysis.  Where  this  is  so,  the  analysis  is  not  proceeded  with.  But 
as  far  as  the  butyric  acid  itself  is  concerned,  the  analysis  can  be 
carried  out  on  the  principles  already  explained,  if  the  relative  pro- 
portions of  butyric  and  acetic  acids  are  determined  by  some  con- 
venient method,  such  as  the  analysis  of  the  barium  salts  given  by 
the  mixed  acids.  That  this  can  be  done  with  a  good  approach  to 
accuracy  is  shown  by  the  following  experiments  carried  out  on  milk 
in  which  a  large  proportion  of  butyric  acid  was  eventually  formed. 


Table 

V. 

Time 
kept. 
Weeks. 

Butyric 

acid. 
Per  cent. 

Loss  of 

non-fatty  solids. 

Sample. 

Calculated  from  the 
experimental  determina- 
tions of  alcohol, 
Actual.        acid,  and  ammonia. 
Per  cent.                 Per  cent. 

Difference 

between  the 

actual  loss  and 

that  calculated. 

Per  cent. 

No.  1  ... 

,, 

4 
6 

8 

0-33 
0-59 
0-55 

0-66 
1-03 
0-86 

0-67 
0-95 
0-90 

-fOOl 
-0-08 
+  0-04 

No.  2  .., 

6 

0-23 

0-65 

0-41 

-0-24 

Watered  Milk. 

Approximately  25 

per  cent,  of  water  added  : 

No.  3  .. 

4 
6 

8 

0-17 
0-28 
0-66 

0-34 
0-69 
1-39 

0-22 
0-63 
1-10 

-0-12 
-016 
-0-29 

No.  4  .. 

4 
6 

8 

0-40 
0-56 
0  30 

071 
1-00 
0-60 

0-67 
0-89 
0-58 

-0  04 
-0-11 
-0  02 

In  most  of  these  cases,  the  amount  of  added  water  is  indicated 
correctly  to  within  about  1  per  cent.,  although  in  one  instance  3  per 
cent,  more  water  than  was  added  would  be  indicated.  For  practical 
purposes,  however,  such  an  exceptional  case  is  of  little  consequence; 
the  offence  is  substantially  the  same  whether  the  quantity  of  water 
added  to  the  milk  be  25  per  cent,  instead  of  28;  or  whether  it  be 
15  instead  of  18  per  cent. 

This  communication  is  based  on  experimental  work  accumulated 
by  a  number  of  analy.sts  in  the  Government  Laboratory,  mainly 
during  the  past  ten  years,  and  notably  by  Mr.  George  Lewin,  Mr. 
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John  Holmes,  sen.,  Mr.  Cameron,  Mr.  Chas.  Proctor.  Mr.  Wilsou 
Davis,  and  Mr.  Chas.  Siiumouds.  I  desire  to  express  my  indebted- 
ness to  these  gentlemen  for  the  skill  and  patience  with  which  thej 
have  assisted  me  in  the  course  of  what  has  nece«wirily  prov-i  »..  he 
a  somewhat  protracted  inquiry. 

The  Goveknuent  Labokai-ory, 
Clement'h  Imm  Passaok, 
Stkand,  W.C. 


XXVIL—The  Nitration  of  Substituted  Azopheiwls, 

By  John  Tukodouk  Ubwitt  and  UeaBiBT  Victob  Mitcuklu 

Tub  action  of  substituting  agents  on  azophenols  haa  engaged  the 
attention  of  several  chemists  within  the  last  few  yean  (Noelting,  Btr., 
1887,  20,  2997  ;  Tauber,  ibid,  1893,  28,  1872;  Auwers,  i*iU,  1900, 
33,  1302  ;  Amstroug,  Pi-oo.,  1899,  16,  243  ;  Hewitt  and  Aston,  Auld, 
Fox,  Lindtield,  Phillips  and  Tervet,  Trans.,  1900,  77,99,713,810; 
1901,  79,  49,  155,  160,  1090;  1902,  81,  171,  1202).  The  genend 
result  has  been  to  show  that  />-hydroxyazo-compounds  nitrate  with 
dilute  nitric  acid  and  brominate  in  presence  of  sodium  acetate  and 
acetic  acid  in  the  ortho- position  to  the  hydroxyl  group,  that  is,  they 
behave  us  might  be  expected  of  true  azophenols. 

On  the  other  hand,  Noelting  obtained  />-nitrobenzeneazophenoI  by 
acting  on  beuzeneazophenol  with  one  molecular  proportion  of  nitric 
acid  in  presence  of  an  excess  of  concentrated  sulphuric  acid  (loc.  cii.), 
whilst  with  two  molecular  proportions  of  nitric  acid  he  states  that  a 
product  is  obtained  identical  with  that  produced  by  the  diasotisation 
of  2  : 4-dinitroanilino  and  subseijuent  coupling  with  phenol.  Noelting's 
statement  with  respect  to  the  formation  of  />-nitrobenzeneazophenol 
when  one  molecule  of  nitric  acid  is  employed  needs  no  qualihcation  ; 
but  with  two  molecules  of  nitric  acid,  if  the  dinitrobenzeneazophenol 
is  formed  at  all,  it  must  be  in  subordinate  amount,  since  when  any 
one  of  the  three  nitrobenzeneazopheuols  is  further  nitrated,  not  merely 
with  warm  dilute  nitric  acid,  but  even  in  presence  of  strong  sulphuric 
acid,  the  second  nitro-group  enters  in  the  ortho- posit  ion  to  the  phenolic 
hydroxyl. 

This  corresponds  closely  to  the  result  obtained  by  Tauber,  who 
found  that  both  p-  and  m-sulphobenzeneazophenols  nitrated  in  the 
ortho-position  to  the  hydroxyl  group  in  presence  of  strong  sulphuric 
acid. 

The  obvious  explanation  in  the  case  of  benzeneazophenol  (compare 
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Auwers,  loc.  cit.)  is  to  regard  the  free  substance  as  having  a  consti- 
tution corresponding  to  its  name,  whilst  in  strong  sulphuric  acid 
solution  it  exists  as  a  salt  of  the  tautomeric  quinonephenylhydrazone: 
This  explanation  can  be  extended  to  include  the  observations  made  by 
Tiiuber  ;  a  substance  having  the  constitution 

HSOg-C^H.-NIN-C^H^-OH 
would  hardly  be  basic  enough  to  form  a  salt  of  the  type 

HSOa'C^H^-NH-NrCgHIO 


H      SO,H 

and    thus    still    preserve    its    phenolic   character  and  nitrate   as   a 
phenol. 

Whilst  salts  with  mineral  acids  have  not  been  obtained  in  the  case 
>\here  the  substituent  group  is  SO3H,  the  argument  that  the  nitro- 
group  also  hinders  salt  formation  requires  some  qualification.  Hewitt, 
Moore,  and  Pitt  {Ber.,  1898,  31,  2114)  have  described  hydrochlorides 
of  m-  and  jo-nitrobenzeneazophenols,  so  undoubtedly  salt  formation 
can  take  place.  The  explanation  may  lie  in  the  diminution  of  the 
basicity  by  the  introduction  of  the  uitro-group,  so  that  the  solution  of 
the  nitrobenzeneazophenol  in  the  strong  sulphuric  acid  is  to  be  looked 
on  as  an  equilibrium  mixture. 

NO,-C,H4-N:N-CoH4-OH  +  H,SO,  ^  NO^-C^H^-NH-NlC^H.rO 


H      SOJI 

Whilst  the  free  azophenol  would  nitrate  instantly,  the  quinone- 
hydrazone  salt  on  the  right-hand  side  obviously  would  not  nitrate  in 
the  quinonoid  portion  of  the  molecule,  whilst  so  far  as  the  other 
nucleus  is  concerned  it  would  nitrate  readily  enough,  were  it  not  that 
one  negative  nitro-group  has  already  entered  it. 

We  advance  this  view  with  a  certain  amount  of  reserve,  seeing 
that  the  o-azophenols  brominate  in  the  phenolic  nucleus,  although 
Auwers  has  considered  them  to  be  quinouehydrazones.  On  the  other 
li:ind,  Jacobfiou  considers  the  hydrazone  formula  doubtful,  even  in  the 
case  of  the  salts  which />-hydroxyazo-compounds  furnish  with  mineral 
acids,  seeing  that  he  has  been  able  to  obtain  a  stable  hydrochloride  of 
wi-hydroxyazobenzeno  [Her.,  1903,  36,  4107). 

EXPEUIHBNTAL. 

PrejHiration  o/o-Nitrohenzeneazo-o-nitrop/tenol. 

(a)  By  dilute  nitric  acid  : 

Ten  grams  of  o-nitrobenzeneazophenol  wore  very  finely  powdered 
and   introduced   into  a  mixture  of  20  c.c.  of  nitric  acid  of  specific 
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gravity  ISO,  with  60  c.c.  of  distilled  water.  The  whole  wm  stirred, 
ami  gradually  warmed  up  to  50°  on  the  water-bath,  when  the  otiour  of 
nitrouK  fumes  became  marked  and  the  vermilion  shade  of  the  mono- 
nitroazophenol  gradually  gave  place  to  the  yellow-brown  tint  of  the 
dinitro-compound.  After  half  an  hour  at  50P,  the  temperature  was 
raised  to  60°,  and  maintained  at  that  point,  with  stirring,  for  a 
further  15  minutes.  The  resulting  paste  was  next  diluted  with 
distilled  water,  filtered  off  at  the  pump,  washed  free  from  acid,  and 
dried  at  100°  and  recrystallised  from  boiling  glacial  acetic  acid,  when 
it  melted  at  187°. 

(b)  By  nitration  in  strong  sulphuric  acid  solution  : 
o-Nitrobenzeneazophenol  was  dissolved  in  ten  times  its  weight  of 

strong  sulphuric  acid,  and  the  mixture  surrounded  by  cold  water.  A 
very  slight  excess  of  tlie  calculated  amount  (1  mol.)  of  nitric  acid 
(sp.  gr.  1*42),  itself  diluted  with  strong  sulphuric  acid,  was  gradually 
added,  with  stirring.  After  leaving  the  mixture  overnight,  it  waa 
gradually  poured  into  a  large  exoe«3  of  cold  water  and  stirred 
vigoi-ously. 

The  compound  which  separated  was  washed  at  the  pomp,  dried  and 
I'ecrystullised  from  glacial  acetic  acid  ;  it  melted  at  186 — 187°,  and  on 
being  mixed  with  the  foregoing  specimen,  no  lowering  of  the  melting 
point  could  be  detected. 

(c)  In  order  to  prove  definitely  the  constitution  of  this  compound) 
it  was  synthesised  by  coupling  an  o-nitrophenyldiazouium  salt  with 
o-nitrophenol  as  follows : 

A  mixture  of  5  grams  of  o-nitroaniline,  10  grams  of  concentrated 
sulphuric  acid,  and  a  small  quan^ty  of  water,  insufficient  to  remove 
the  amine  from  solution,  was  diazotised  by  2*6  grams  of  sodium 
nitrite  dissolved  in  5  c.c.  of  water.  The  diazo-solution  was  poui-ed 
into  an  excess  of  water,  and  added  to  an  aqueous  solution  of  5  grams 
of  o-nitrophenol  and  15  grams  of  sodium  carbonate.  Coupling  took 
place  fairly  easily,  the  azopheuol  was  precipitated  by  acid,  redissolved 
in  hot  c*austic  sotla  solution,  again  precipitated,  exti-acted  with  cold 
spirit,  and  finally  recrystallised  from  glacial  acetic  acid.  This  pre- 
paration, although  of  a  slightly  lighter  shade  than  the  specimens 
prej)ared  by  nitration,  was  obviously  identical  with  them,  as  it  melted 
at  186°  and  had  no  effect  on  their  melting  point. 

o-Nitrobenzeneazo-o-nitrophenol  crystallises  from  pure  acetic  acid 
in  well-defined,  long,  deep  brown  needles  ;  it  dii^solves  easily  in  acetic 
acid  and  pyridine  and  fairly  readily  in  alcohol ;  it  is  slightly  soluble 
in  benzene  or  ethyl  acetate,  and  but  sparingly  so  in  ether. 

01118  gave  190  c.c.  moist  nitrogen  at  15='  and  748  mm.     K  - 19-7. 
C^gHgOjN^  requires  N=  194  per  cent. 
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The  acetyl  derivative,  N02-C^H4-N3-C(.H3(N02)-0-CO-CH3,  was  pre- 
pared by  boiling  together  for  one  hour  in  a  reflux  apparatus  1  gram 
of  the  azophenol,  1  gram  of  fused  sodium  acetate,  and  4  grams  of 
acetic  anhydride. 

The  fused  product  was  thrown  into  water,  collected,  and  recrystal- 
lised  from  glacial  acetic  acid,  when  the  substance  formed  thick,  scarlet 
needles,  melting  at  119°,  easily  soluble  in  ether,  ethyl  acetate,  benzene, 
pyridine,  or  acetic  acid,  and  moderately  so  in  alcohol. 

0-1677  gave  0-3137  CO2  and  0-0453  B.f>.     C  =  51  0  ;  H  =  30. 
CuH^oOgN^  requires  C  =  50-9  ;  H  =  3-0  per  cent. 

The  benzoyl  derivative,  N02-C6H4-N2-C^H3(N02)-0-CO-CgH5,  was 
prepared  by  boiling  the  azophenol  with  enough  benzoyl  chloride  to 
dissolve  it  completely,  until  evolution  of  hydrochloric  acid  ceased  ; 
the  solution  was  stirred  into  dilute  alcohol,  the  crude  benzoyl  deriv- 
ative was  filtered  off  at  the  pump  and  recrystallised  from  ethyl 
benzoate.     It  formed  a  mass  of  small,  yellow  crystals,  melting  at  174°.  ^ 

This  substance  is  very  soluble  in  pyridine,  moderately  so  in  ethyl 
acetate,  benzene,  and  acetic  acid,  very  sparingly  so  in  alcohol  and  ether. 

0-1186  gave  0-2548  CO2  and  0-0346  HgO.     C  =  58-6;  H  =  3-2. 
^19^12^6^4  requires  C  =  58-2  ;  H  =  3-1  per  cent. 

Preparation  of  m.-Nitrohenzeneazo-0-niiropJi^nol. 

(a)  By  means  of  dilute  nitric  acid : 

The  method  employed  was  the  same  as  that  indicated  in  the  case  of 
the  foregoing  isomeride.  Ten  grams  of  powdered  ?>i-nitrobenzeneazo- 
phenol  and  a  mixture  consisting  of  20  c.c.  of  nitric  acid  (sp.  gr.  1  -36) 
with  60  c.c.  of  water  were  warmed  on  the  water-bath,  and  stirred 
continuously.  In  this  case,  the  nitration  appeared  to  take  place  with 
somewhat  more  difficulty  ;  it  was  found  possible  to  work  at  about 
100°,  and  even  then  the  reaction  was  quite  moderate. 

After  10  minutes  at  this  temperature,  the  product  was  collected  in 
the  usual  way  and  recrystallised  from  boiling  glacial  acetic  acid.  This 
specimen  melted  at  177°. 

{b)  Preparation  of  the  foregoing  compound  by  nitration  in  strong 
sulpliuric  acid  solution : 

Six  grams  of  m-nitrobenzeneazophenol,  after  being  dissolved  in 
60  grams  of  strong  sulphuric  acid,  were  treated  with  a  cold  mixture 
of  2  c.c.  of  nitric  acid  (sp.  gr.  1-42)  and  10  c.c.  of  strong  sul- 
phuric acid.  The  addition  of  the  nitric  acid  was  effected  gradually, 
and  the  temperature  of  the  mixture  was  not  allowed  to  rise  to  any 
appreciable  extent.  After  half  an  hour,  the  mixture  was  poured 
into  a  large  excess  of  cold  water,  the  dinitro-compound  collected 
and  recrystallised  from  glacial  acetic  acid.    This  specimen  also  melted 
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at  177",  aDil  a  uiixture  of  it  with  the  preeediog  prepMration  had 
•  xactly  the  same  melting  ix)iut.  8ub8equeut  cryrtalHai tkma  from 
chloroform  raised  the  melting  point  to  179°. 

In  this  particular  case,  it  was  considered  unneoesaary  to  prore  the 
constitution  of  the  compound  by  synthesisiug  it  from  o-nitrophenol,  as 
a  substance  agreeing  with  it  in  melting  point  has  bean  obtained  by 
the  rearrangement  of  di-)/i-dinitroazoxybeuzene  under  the  infloeooe  of 
concentrated  sulphuric  acid  (K  linger  and  Pit«cbke,  Ber.,  1885,  18, 
2552,  and  Knipscheer,  Rec.  7'rav.  Chiin.,  1903,  22,  1). 

Thiti  substance  crystallised  from  chloroform  in  small,  aomewbat  hard 
crystals,  and  readily  dissolved  in  alcohol,  beniene,  pyridine,  and  aoetie 
acid  ;  it  was  less  soluble  in  ethyl  acetate,  and  only  slightly  so  in  ether. 

00951  gave  16  0  c.c.  nitrogen  at  19"  and  774  mm.     N  -  196. 
Ci^HgOjN^  requires  N=  19-4  per  cent. 

NO, 

The  acetyl  derivative,  /     \}i:v/     \o-00-CH,,  was  obtained 

N07 
by  boiling  the  azophenol  with  acetic  anhydride  and  fused  sodium 
acetate  in  the  usual  manner ;  it  crystallised  from  aoetio  acid  in  tufts 
of  small,  brown  crystals  which  melted  at  138*^,  and  were  readily  soluble 
in  acetic  acid  or  pyridine,  moilerately  so  in  ether  and  in  ethyl  acetate, 
but  only  sparingly  so  in  alcohol. 

0  1632  gave  244  c.c.  nitrogen  at  15=*  and  770  mm.     N  =  17-6. 
Cj^HjjjO^N^  rtHjuires  17  0  per  cent. 

The      benzoyl      derivative,      /     \n:n/     No-CO-C^H^,    waa 

KO, 

easily  prepared  by  boiling  with  benzoyl  chloride  for  one  hour ;  the  pro- 
duct was  thrown  into  dilute  spirit,  and  recrystallised  from  ethyl  acetate, 
when  it  formed  a  nearly  colourless,  crystalline  powder  melting  at  169°. 
It  readily  dissolves  in  pyridine  or  amyl  alcohol,  and  is  moderately 
f^oluble  in  benzene,  ether,  and  ethyl  acetate  ;  it  is  almost  insoluble  in 
alcohol. 

0  0850  gave  01825  CO,  and  0-0247  H^O.    C  =  58  5  ;  H  =  3-2. 
Cj^jHijOgN^  requires  C  =  582  ;  H  =  31  per  cent. 

Preparation  of  p-yitrobenzeneazo-o-nitropkenoi. 

(a)  By  the  action  of  dilute  nitric  acid  : 

The  method  previously  indicated  in  the  other  two  cases  was 
employed  as  regai*ds  quantities  and  dilution  of  the  nitric  acid.     The 


230  HEWITT   AND   MITCHELL:   THE   NITRATION   OF 

temperature  was  raised  to  and  maintained  at  60°  for  1^  hours,  when 
the  mass,  which  had  assumed  a  thick,  pasty  consistency,  was  diluted, 
filtered,  and  dried,  and  recrystallised  from  a  considerable  quantity  of 
glacial  acetic  acid.  The  product  separated  abundantly  on  cooling 
in  beautiful,  large,  red  needles  and  melted  at  212°. 

(b)  Preparation  from  jo-nitrobenzeneazophenol  by  nitration  in  strong 
sulphuric  acid  solution : 

Finely  powdered  jt?-nitrobenzeneazophenol  was  dissolved  in  a 
suflficiency  of  concentrated  sulphuric  acid,  and  the  calculated  quantity 
(1  mol.)  of  nitric  acid  (sp.  gr.  1-42)  itself,  diluted  with  sulphuric  acid, 
added.  The  mixture  was  set  aside  for  a  week,  then  diluted  largely, 
and  filtered.  The  resulting  compound,  after  washing  and  drying, 
was  recrystallised  from  hot  glacial  acetic  acid.  This  specimen  melted 
at  2 12°  and  did  not  depress  the  melting  point  of  the  foregoing  specimen. 

(c)  Preparation  by  coupling  jo-nitrobenzenediazonium  salt  with 
o-nitrophenol : 

Six  grams  of  finely  powdered  jo-nitroaniline  were  mixed  with 
about  50  c.c.  of  water  containing  13  c.c.  of  fuming  hydrochloric  acid  ; 
the  mixture  was  cooled  to  0°  by  the  addition  of  small  pieces  of  ice,  and 
diazotised  by  the  very  gradual  addition  of  a  saturated  aqueous  solution 
of  3"1  grams  of  sodium  nitrite.  The  resulting  solution  was  rapidly 
filtered  into  one  containing  6  grams  of  o-nitrophenol  (in  the  form  of 
its  sodium  salt)  and  20  grams  of  crystallised  sodium  acetate  with  a 
little  sodium  carbonate.  Coupling  took  place  without  delay,  and 
apparently  with  ease. 

The  mixture  was  acidified  with  hydrochloric  acid  and  the  product 
collected  at  the  pump.  As  the  crude  substance  thus  obtained  con- 
tained some  unaltered  o-nitrophenol  it  was  mixed  with  water  and  dis- 
tilled in  steam  in  order  to  remove  this  substance,  and  then  crystallised 
thrice  from  glacial  acetic  acid.  This  preparation  also  melted  at  212°,  and 
■did  not  depress  the  melting  point  of  the  specimen  prepared  by  nitration. 

jo-Nitrobenzeneazo-o-nitrophenol  crystallises  from  glacial  acetic  acid 
in  large,  shining,  red  needles  which  are  only  very  sparingly  soluble  in 
■cold  acetic  acid,  and  are  practically  insoluble  in  alcohol.  This  sub- 
stance also  dissolves  fairly  readily  in  toluene  j  it  is  easily  soluble  in 
pyridine,  and  sparingly  so  in  benzene,  ethyl  acetate,  or  ether. 

0-1399  gave  23-1  c.c.  of  nitrogen  at  19°  and  764  mm.    N  =  19-2. 
CjgHgOj^N^  requires  N  =  19*4  per  cent. 

_  NOa 

The  acetyl  derivative  ^^'i\      /^2\      yO'CO-OHg,  was  prepared 

in  the  usual  manner ;  it  crystallised  from  glacial  acetic  acid  in  fine, 
■brown,  silky  needles,  and  melted  at  138°.     This  substance  is  moderately 
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soluble  in  ethyl  acetate,  easily  so  in  benzene,  pyridine,  and  acetic  acid, 
and  d't solves  less  readily  in  alcohol. 

0  1086  gave  02028  COg  and  00286  H.O.     C  =  50-9;  H-2-9. 
Ci^HioO^N^  requires  C  =  50  9  ;*  H  -  3  0  per  cent. 

NO, 

The  benzoyl  derivative,  NOj<^  /^«\  yO'CO'C^H^  was  pre- 
pared by  lioiling  the  azophenol  with  benzoyl  chloride ;  it  crystallised 
from  ethyl  acetate  in  dark  red,  small,  glistening  crystals  (m.  p.  179°). 

This  substance  is  practically  insoluble  in  alcohol,  but  is  soluble  in 
ethyl  acetate,  and  dissolves  somewhat  s|>aringly  in  beuzent^,  pyridine, 
or  acetone. 

01 164  gave  02505  COj  and  0  0349  Ufi.    0  =  587  ;  H-3-3. 
CjgHjjO^N^  requires  0  =  58-2  ;  H-  3-1  per  cent. 

Preptimtion  of  ux-Nitro-p-toiMeHtatopJkeuoi. 

NO7 

Thi-ee  grams  of  2-nitro-/>-toluidine  were  stirred  with  the  requisite 
quantity  of  dilute  hydrochloric  acid,  and  the  calculated  quantity  of 
sodium  nitrite,  dissolved  ixi  water,  added,  the  temperature  not  being 
allowed  to  exceed  0°. 

The  diazo-solution  thus  obtained  was  filtered  into  a  solution  of  the 
calculated  quantity  of  phenol  with  excess  of  sodium  acetate. 
Coupling  proceeded  immediately,  and  the  liquid  was  acidified  and 
filtered.  After  recrystallisation  from  glacial  acetic  acid,  the  yield  was 
over  4  grams ;  the  product  separated  from  glacial  acetic  acid  in 
glistening,  orange  crystals  melting  at  186°;  this  substance  is  readily 
soluble  in  acetic  acid,  ethyl  acetate,  and  pyridine,  moderately  so  in 
benzene  or  ether,  but  scarcely  dissolves  in  alcohol. 

01593  gave  03524  CO,  and  00564  H^O.     C  =  603  ;  H  =  3-97. 
CjjHj^OjNj  requii-es  C  —  607  ;  H  =  43  per  cent. 

The  acetyl  derivative,  OHj<^       y^i<        yO'CO-OH,,  prepared  as 

NO., 
in  the   previous  cases,  crystallised   from  dilute  acetic  acid  in  fine, 
golden-yellow  needles  melting  at  113°  ;  it  is  very  soluble  in  benzene^ 
pyridine,  acetic  acid,  or  alcohol,  and  modei-ately  so  in  ethyl  acetate. 

01895  gave  04200  OO^  and  00720  H,0.     C  =  604 ;  H  -  42. 
OjjHjjO^Nj  requires  C  =  60  2  3  H  =  43  per  cent. 
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Preparation  of  o-NUro-p'tolv,eneazopJienol. 

3-Nitro-j3-toluidine  was  diazotised  and  treated  with  phenol  exactly 
as  in  the  case  of  its  isomeride. 

The  crude  product,  after  crystallisation  from  alcohol  and  two  re- 
crystallisations  from  benzene,  formed  small,  brown  crystals  melting 
at  158°. 

0-1179  gave  16-9  c.c.  nitrogen  at  16°  and  764  mm.     N-  16-9. 
C^gHj^OgNg  requires  N  =  16*4  per  cent. 

The  authors  originally  intended  to  prepare,  if  possible,  one  of  these 
two  tolueneazophenols  by  the  direct  nitration  in  strong  sulphuric  acid 
solution  of  jo-tolueneazophenol.  Experiments  in  this  connection  have, 
so  far,  led  to  no  very  definite  conclusion,  but  this  negative  result  is 
perhaps  not  devoid  of  interest,  as  it  indicates  that,  in  strong  acid  solution, 
jo-tolueneazophenol  is  not  exclusively  attacked  by  nitric  acid  in  any 
special  direction,  the  para-position  in  the  toluene  residue  being  already 
occupied  by  a  methyl  group. 

With  dilute  nitric  acid,  this  azophenol  is  obviously  most  readily 
substituted  in  the  phenolic  nucleus  (Hewitt,  Lindfield,  loc.  cit.). 

All  the  melting  points  given  in  this  paper  are  corrected. 

East  London  Technical  College. 


XXVIII. — Studies  in  the  Camphane  Series.  Part 
XV  11.  Coiifiguration  of  isoNitrosocampJior  and 
its  Unstable  Modification. 

By  Martin  Onslow  Forster. 

At  the  time  of  describing  an  unstable  modification  of  i«onitroso- 
camphor  (Trans.,  1903,  83,  534,  and  1904,  85,  904),  the  facts  did  not 
justify  any  decision  regarding  the  configuration  of  the  isomorides  ; 
further  information  has  been  gained,  however,  which,  taken  in  con- 
junction with  previous  observations,  does  appear  to  admit  of  a  definite 
conclusiun  being  drawn. 

Owing  to  the  participation  of  the  group  •CO*C(!NOH)'  in  the  cam- 
phane cy(loi(l,  the  process  adopted  by  Beckmann  and  Koster  {Annalen, 
1893,  274,  1)  in  elucidating  the  configuration  of  the  benzilmonoximes 
in  not  applicable  to  the  tAonitrosocamphors ;  it  was  necessary,  therefore, 
to  seek  Homo  other  mode  of  attack,  and  this  1ms  been  found  in  study* 
ing  the  behaviour  of  these  compounds  towards  ningnesiuni  mulh)! 
iodide. 
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In  correspondence  with  the  four  dioximes  of  camphorquinone,  the 
existence  of  which  has  now  been  established,  it  was  to  be  expected 
that  four  modifications  of  the  oxime, 

x:noh 

would  be  obtainable  on  applying  the  Grignard  reaction  to  the  i$o- 
nitrosocamphors  ;  three  of  these  are  described  in  the  present  paper* 
and  it  in  the  behaviour  of  one  of  them  which  appears  to  determine  the 
point  in  question. 

On  the  basis  of  the  Hantzsch- Werner  hypothesis,  in  association  with 
the  requirements  of  cis-fratts-isomerism,  two  modifications  of  the  above- 
mentione<l  oxime  should  contain  the  hydroxyl  group  of  the  oximino- 
substituent  in  the  immediate  neighbourhood  of  the  second  hydroxyl 
group,  whilst  the  two  remaining  forms  would  Iihvp  their  hyilroxvl 
groups  withdrawn  from  proximity  : 

/        \                                           /      \ 
I.    C C  IL    C C 

II         X-.  II         yX 

N-OHHO    CH,  N-OHHO    CE, 

CgH,4  CgH,^ 


\                                           /        \ 
III.       C 0  IV        c c 

II         /^\  II        yX 

HON        HO    CH,  HO-N        HO    CH, 

Thus,  the  oximes  having  configurations  I  and  II  would  lend  them- 
selves to  anhydride  formation,  whilst  modifications  III  and  IV  might 
resist.  Now  among  the  three  new  oximes,  all  of  which  are  amphoteric, 
two  are  converted  rapidly  into  a  liquid  anhydride  when  their  solutions 
in  dilute  acids  or  alkalis  are  warmed,  whilst  the  third  undergoes  the 
same  change  in  acid,  but  escapes  attack  in  alkali ;  as  this  comparatively 
indifferent  oxime  is  derived  from  the  unstable  tfonitrosocamphor,  it  is 
reasonable  to  conclude  that  the  last-named  compound  has  the  second 
of  the  configurations  : 

CgHj^  CgHj^ 

/\  ^\ 

/        \  /        \ 

C C  C C  , 

II  II  II  II  ' 

N-OH       O  HO-N  O 

si/ji-Modificatiou  (lu.  p.  152°).  a»/i-ModificatioQ  (ni.  p.  114°). 

the  first  of  which  thus  represents  the  stable  isomeride. 
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This  aspect  of  the  relationship  between  the  ?sonitrosocamphors  agrees 
with  their  behaviour  towards  benzoyl  chloride.  It  has  been  shown 
(Trans.,  1904,  85,  905)  that  this  agent  in  pyridine  converts  the 
unstable  isonitrosocamphor  into  a  yellow  derivative  {m.  p,  105°)  from 
which  the  oximinoketone  is  regenerated  on  hydrolysis,  whilst  the 
stable  modification  yields  a  colourless  isomeride  (m.  p.  136°)  hydrolys- 
able  to  a-camphornitrilic  acid.  If  the  stable  ?sonitrosocamphor  has 
the  configuration  indicated  above,  in  which  the  hydroxy  1  group 
occupies  the  s?/?i-position  with  respect  to  carbonyl,  circumstances  are 
favourable  to  the  production  of  pseudo-derivsitives  wbich  would  readily 
yield  a-camphornitrilic  acid  on  hydrolysis  : 


C C-OBz 

C       C-OH 

CsHu 
C C-OMe 

N — 0 

-■>       III       II               <~ 
N      0 

N — 0 

Colourless  benzoyl 
derivative. 

o-Caniphornitrilic  acid. 

O-Methyl  ether. 

This  view  of  the  colourless  ^sewc?o-derivatives  regards  them  as 
having  the  structure  which  Hantzsch  ascribed  to  the  coloured  alkali 
derivatives  of  a-oximinoketones ;  without  discussing  the  general 
question  raised  by  this  assumption,  it  may  be  pointed  out  that  with 
respect  to  rsonitrosocamphor,  it  seems  more  probable  that  the  coloured 
alkali  derivatives  have  the  normal  structure  of  oximinoketones,  whilst 
the  colourless  derivatives  are  of  the  pseudo-ty^ie. 

Such  2Jseudo-coinTpounds  might  be  expected  to  furnish  a-aminocam- 
phor  on  reduction,  since  they  still  contain  the  camphane  ring,  and  this 
behaviour  has  been  already  noted  in  connection  with  the  colourless 
benzoyl  derivative  and  the  0-methyl  ether  {loc.  cit.).  The  fact  that 
the  ^sewrfo-derivatives  contain  the  camphor  nucleus  unimpaired  is 
further  demonstrated  by  their  behaviour  towards  magnesium  methyl 
iodide,  which  transforms  the  colourless  benzoyl  derivative  quantita- 
tively into  dimethylaminocamphor ;  this  base  arises  also  from  the 
0-methyl  ether,  but  the  yield  is  not  so  good.  It  is  not  easy  to  explain 
this  curious  change,  which  incidentally  affords  a  most  convenient 
process  for  obtaining  dimcthyhiminocamphor,  first  prepared  by  methyl- 
ating  the  primary  base  (Diidon  and  Pritzkow,  Ber.,  1899,  32,  1542). 
In  80  far  as  it  relates  to  the  behaviour  of  doubly  linked  carbon  and 
nitrogen,  the  reaction  is  comparable  with  the  observation  of  Busch  {Ber., 
1904,  37,  2691),  who  converted  bonzylideneanilino  into  a-anilinoethyl- 
benzeno  by  means  of  the  Orignard  reaction  ;  in  this  case,  however, 
the  iidd((<l  mothyl  complex  becomes  attacht'd  to  carbon,  whereas  in 
^-Imnzoylj/foiiitroflooamphor  it  is  the  nitrog(Mi  wliicli  tiikos  \ip  two  of 
those  groups.     But  the  change  involves  also  the  removal  of  oxygen, 
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and  in  this  respect  recalls  the  replacement  of  aldehydic  oxygen  by 
methyl  groups  lately  noticed  by  F.  Sachs  and  L.  Sa<;hs  {Bwr.,  1905, 
38,  518). 

In  a  recent  paper  by  Werner  and  Piguet  {Ber.,  1904,  37,  4295), 
prominence  has  been  given  to  the  fact  that,  in  addition  to  the  Beck- 
mann  rearrangement  of  diketone  monoximes  typified  by  the  change 

C,H,.C.C0'C,H6  CA-C-OH  C,H,.(^0 

N-OH  -^  N-CO-CjHj    "^  NH-CO-C.Hj' 

there  must  be  recognised  a  second  order  of  transformation,  recalling 
the  behaviour  of  ^^-aldoximes, 

II  — >.  Ill      +      I 

NOH  N  OU 

In  the  case  of  the  »yn-modiHcation  of  twnitrosocamphor,  the  action 
of  benzoyl  chloride  may  ])e  described  as  an  attempt  to  effect  the  latter 
change,  which  falls  short  of  completion  owing  to  the  stability  conferred 
by  the  camphane  nucleus,  and  is  thus  arrested  at  th»*  intf-riiu'tliate 
stage  represented  by  the  />8«u</o-derivative, 

/       \                       /\  /\ 

C C  C C-OH  0      C-OH 

II  II        -^        II        I  ->        III       II 

NOH      O  N — O  N      O 

»yn- Modification.  ji»««io-Derivative.  «-Can)i>hornitfiUc  acid. 

As  yet  the  ^^eu^o-modification  of  i«onitrosooamphor  has  been 
obtained  only  in  the  form  of  its  alkyl  and  acyl  derivatives,  attempts 
to  isolate  the  substance  itself  having  always  failed  owing  to  the 
readiness  with  \Hliiich  alkalis  bring  about  the  complete  transformation 
to  a-camphornitrilic  acid ;  but  it  seems  highly  probable  that  the 
colourless  compound  CjyHjgOjNj,  obtained  by  the  action  of  alcoholic 
ammonia  on  the  colourless  (pseudo)  benzoyl  derivative  (Trans.,  1904, 
85,  907),  is  the  pseudo-SLuhjdride, 

c_^.o.c— c , 

N O      O N 

isomeric  with  a-camphornitrilic  anhydride  and  with  the  yellow 
anhydride  of  wonitrosocamphor. 

I  have  lately  px"epared  this  compound  directly  from  the  »y7j-modifica- 
tion  without  converting  it  first  into  the  benzoyl  derivative.  The 
transformations  described  by  Werner  and  Piguet  depend  on  the  action 
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of  benzenesulphonic  chloride,  and  Professor  Werner  having  kindly 
informed  me  that  he  did  not  propose  to  include  tsonitrosocamphor  in 
his  experiments,  I  have  examined  the  behaviour  of  both  modifications 
towards  the  agent  in  question.  Using  pyridine  as  a  medium,  it 
appears  that  the  syw-modification  yields  the  colourless  anhydride, 
^20^28^3-^2'  ref erz'ed  to  above,  whilst  the  anti-deriva,tive  is  transformed 
into  the  yellow  anhydride  (m.  p.  194°). 

No  attempt  is  made  in  this  communication  to  determine  the  con- 
figuration of  the  three  isomeric  oximes  beyond  indicating  that  the 
a-oxime  must  be  represented  by  one  of  the  expressions  III  and  IV, 
whilst  the  y-oxime  has  the  configuration  I  or  II.  It  is  noteworthy 
that  although  the  a-  and  /S-modifications  are  both  derived  from  the 
unstable  zsonitrosocamphor,  and  both  change  into  the  y-oxime  on  the 
water-bath,  they  should  yet  be  distinguished  from  one  another  in  their 
behaviour  towards  hot  alkali ;  this  peculiarity  is  perhaps  explained  by 
the  fact  that  when  the  a-oxime  changes  into  the  y-isomeride,  the 
/8-modifi cation  is  not  produced  as  an  intermediate  compound. 

Experimental. 

CNOH 
The  Isomeric  Oximes,  ^s^u<i^fQji\.Qjj^  ' 

In  order  to  prepare  the  three  oximes  by  one  operation,  it  is 
necessary  to  employ  the  mixture  of  isonitrosocamphors  produced  by  the 
action  of  amyl  nitrite  on  an  ethereal  solution  of  camphor  in  which 
sodium  has  been  dissolved,  the  material  thus  obtained  being  recrystal- 
lised  from  boiling  water.  Twenty  grams  were  added  slowly  to  an  ice- 
cold  ethereal  solution  of  magnesium  methyl  iodide  prepared  from  50 
grams  of  methyl  iodide  and  7*2  grams  of  magnesium ;  a  very  vigorous 
action  took  place,  and  the  pale  yellow  powder  changed  immediately  to 
dark  brown  lumps,  which  quickly  dissolved.  When  15  grams  had 
been  added,  this  product  dissolved  more  slowly,  the  liquid  sepax*ating 
into  two  layers,  of  which  the  lower  was  dark  grey  and  viscous,  the 
upper  l)oing  colourless  and  limpid.  After  twelve  hours,  the  isouitroso- 
canipbor  having  disappeared  completely,  tlie  magnesium  compound  was 
decompfwed  by  fragmonts  of  ice,  and  acetic  acid  in  sufficient  amount  to 
form  a  clejir  solution,  wliich  was  x-emoved  in  a  separating  funnel.  The 
ethereal  solution  was  sliaken  first  with  aqueous  sodium  carbonate,  and 
then  with  a  5  per  cent,  solution  of  j)otas8iuin  liydroxide  in  quantities 
of  10  c.c.  until  the  unchanged  ««onitroHOcaniphor  was  removed,  about 
60  C.C.  being  retjuired  ;  it  was  further  extracted  witlx  25  per  cent. 
potaBBtuni  hydroxide,  100  c.c,  at  a  time,  until  the  extract  gave  no 
precipitate  with  acetic  acid,  400  c.c.  being  nocossary.  The  ether  was 
then  dried  with  calcium  chloride  and  evaporated,  leaving  8  grams  of 
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a  pale  yellow  oil  which  had  an  agreeable,  camphor-like  otlour,  and 
solidified  on  cooling ;  the  product,  when  treated  with  a  small  quantity 
of  light  petroleum  and  draine<l  on  earthenware,  weighed  6  grams. 

The  a-oxime,  obtained  in  this  manner,  was  crystallised  from  boiling 
light  petroleum,  then  from  dilute  alcohol,  and  recrysV  illisetl  from  light 
petroleum,  forming  clusters  of  transparent  plates  which  melt  at  178°. 

0-2050  gave  0-5019  COj  and  01 770  B..f>.     C- 66-77  ;  H  =  9-60. 

0-2063     „     130  c.c.  of  nitrogen  at  19°  and  f66  mm.     N-7  30. 

OjiHj^OjN  requires  C  =  6700  ;  H  -  964  ;  N  -=  710  per  cent. 

A  solution  containing  05890  gram  dissolved  in  25  c.c.  of  chloroform 
gave  od  3°58'  in  a  2-dcm.  tube,  whence  [a],,  Si'2° ;  in  the  course  of  24 
hours  this  rotation  fell  to  a,,  3°7'  corresponding  to  [o]u  661°,  and  on 
allowing  the  solution  to  evaj)orate  spontaneously,  and  recrystallising 
the  residue  from  light  petroleum,  it  was  found  to  consist  entirely  of 
the  y-oxime  (see  below). 

The  a-oxiiue  dissolves  readily  in  10  |>er  t-eni  jM.t;t--iiiu  hydroxitie, 
fonmng  a  colourless  solution  which  remains  ilfm-  wlit^u  boiled  and 
does  not  yield  a  characteristic  precipitate  with  ferrous  sulphate; 
potassium  permanganate  is  reduced  at  once  to  manganate,  and 
potassium  ferricyaniile  also  oxidises  the  substance  immediately,  yield- 
ing a  colourless,  liocculent  precipitate.  A  solution  in  10  per  cent, 
sulphuric  acid  does  not  change  at  common  temperatures,  and  the 
unaltered  oxime  is  precipitated  on  dilution  or  neutralisation  with 
sodium  carbonate,  but  if  the  liquid  is  boiled,  the  oxime  is  converted 
into  the  anhydride. 

The  two  compounds  isomeric  with  the  foregoing  substance  were 
found  in  the  25  per  cent,  solution  of  potassium  hydroxide  with  which 
the  ether  was  extracted.  This  liquid  was  acidified  with  glaci&l  acetic 
acid,  which  furnished  a  colourless,  crystalline  precipitate,  and  it  is 
necessary  to  mention  that  as  the  alkaline  liquid  becomes  turbid  on 
warming,  acidification  must  be  conducted  without  removing  the 
dissolved  ether.  Eight  gi"ams  of  the  mixed  oximes  were  obtained,  and 
by  fractional  extraction  with  boiling  light  petroleum  indefinite  no<lules 
were  separated  from  less  readily  soluble  needles. 

The  ^-oxime,  the  more  soluble  of  these  two  compounds,  dissolves 
freely  in  boiling  light  petroleum,  and  melts  at  183°. 

0-1519  gave  03717  COj  and  01310  H^O.     0  =  6673;  H  =  9-58. 
0-1312     „     8-0  c.c.  of  nitrogen  at  18°  and  763  mm.     N  =  7-07. 
CuHjgOjN  requires  C  =  67  00  ;  H  =  9-64  ;  N=710  per  cent. 

A  solution  containing  0-5224  gram  in  25  c.c.  of  chloroform  gave  qq 
2°50'  in  a  2-dcm.  tube,  whence  [ajo  67-8°;  this  value,  unlike  that  of 
the  a-oxime,  does  not  change  when  the  solution  is  exposed  to  sunlight 
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during  several  days,  and  on  allowing  the  chloroform  to  evaporate 
spontaneously,  the  major  portion  is  recovered  unaltered,  the  small 
proportion  which  changes  into  the  y-oxime  being  produced,  most  likely, 
during  the  process  of  crystallisation  from  hot  petroleum. 

The  substance  resembles  the  a-oxime  in  the  behaviour  of  its 
alkaline  solutions  towards  potassium  permanganate,  potassium  ferri- 
cyanide,  and  ferrous  sulphate,  but  differs  from  it  in  changing  rapidly 
into  the  anhydride  when  a  solution  in  10  per  cent,  potassium  hydroxide 
is  boiled ;  it  may  be  recovered  unchanged  from  solutions  in  10  per 
cent,  svilphuric  acid  if  these  are  neutralised  promptly  with  sodium 
carbonate,  but  in  the  course  of  1  hour  dehydration  occurs,  and  the 
liquid  becomes  turbid.  If  the  dry  substance  is  heated  on  the  water 
bath,  it  changes  into  the  y-modification. 

The  y-oxime,  under  which  reference  is  made  to  the  sparingly  soluble 
needles  associated  with  the  /S-oxime  removed  from  ethereal  solution 
by  25  per  cent,  potassium  hydroxide,  is  insoluble  in  cold  petroleum, 
1  gram  requiring  about  600  c.c.  of  the  hot  solvent  (b.  p.  60 — 80°), 
from  which  it  separates  in  long,  silky  needles,  melting  at  187°. 

0-1922  gave  0-4739  CO2  and  0-1644  HgO.    0  =  67-24;  H  =  9-52. 

0-2102     „     13-4  c.c.  of  nitrogen  at  16°  and  754  mm.    N  =  7-37. 

C'uHiA^  requires  C  =  67-00  ;  H  =  9-64  ;  N  -  7*10  per  cent. 

A  solution  containing  0-3240  gram  in  25  c.c.  of  chloroform  gave 
ao  1°10'  in  a  2-dcm.  tube,  whence  [ajp  450°.  The  substance 
undergoes  no  change  at  100°  during  several  days,  but  resembles  the 
isomerides  in  the  behaviour  of  solutions  in  10  per  cent,  potassium 
hydroxide  towards  potassium  permanganate,  potassium  ferricyanide, 
and  ferrous  sulphate  ;  it  distinguishes  itself  from  the  a-oxime,  but 
resembles  the  )3-modification,  in  yielding  the  oily  anhydride  when  the 
solution  in  alkali  is  boiled,  and  the  same  change  occurs  readily  on 
warming  the  solution  in  10  per  cent,  sulphuric  acid.  Attempts  to 
benzoylate  the  compound  in  pyridine  and  by  the  Schotten-Baumann 
process  led  in  each  case  to  a  slimy  product,  probably  consisting  of  the 
benzoyl  derivative  associated  with  the  anhydride. 

In  order  to  ascertain  which  of  the  three  oximes  is  derived  from  the 
stable  tnodificatiou  of  i«onitrosocamphor,  20  grams  of  the  latter, 
prepared  by  dilTorential  oxidation  of  the  mixture  with  potassium 
ferricyanide,  were  treated  with  magnesium  methyl  iodide  under  the 
conditions  first  described,  when  it  was  found  that  the  y-oximo  alone 
ig  produced.  Furthermore,  an  experiment  in  which  20  grams  of  the 
mixed  t/ronitrosocampbors  were  added  to  a  solution  of  magnesium 
methyl  iodide  prepared  from  100  grams  of  the  alkyl  lialide  instead  of 
50  grams,  yielded  the  /3-  and  yoximes  alono,   from  which  it  appears 
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that  great  excess  of  the  magnesium  compound  is  unfavourable  to  the 
formation  of  the  a-oxime. 

Tlie  Oxime  Anhydride,  CgHj^<^I         •  . 

It  has  been  stated  that  the  a-oxime  is  distinguished  from  the 
isomeric  substances  by  the  stability  of  alkaline  solutions,  which,  in  the 
case  of  the  fi-  and  y-modilicatioDs,  rapidly  become  turbid  when  heated. 
Five  grams  of  recrystallised  y-oxime  were  dissolved  in  15  per  cent, 
potassium  hydroxide,  and  warmed  on  the  water-bath  during  1  hour  ; 
the  colourlsss  oil  which  separated  was  collected  with  ether,  and  after 
removing  the  .solvent,  was  allowed  to  remain  14  days  in  the  desic- 
cator. 

0-2167  gave  05804  CO,  and  0-1818  H,0.     C  =  73-05  ;  H  =  9-32. 

0  2934     „     211  c.c.  of  nitrogen  at  19°  and  762  mm.     N-S*?. 

CuHi^ON  requires  C- 73-74;  H-9  50;  N  =  7  82  per  cent. 

A  solution  containing  0-4150  gram  in  20  o.c.  of  chloroform  gave 
ttj)  2^55'  in  a  2-dcm.  tube,  whence  [o]i,  70-3°.  The  anhydride  is 
only  very  slightly  volatile  in  steam,  the  vapour  having  a  faint  odour 
of  camphor ;  it  does  not  reduce  potassium  permanganate  after  the  first 
few  drops  have  been  added. 

Conversion  of  the  0- Methyl  Ether  of  iso  Nitroaowmpkor 
into  Dimethylaminocamphor. 

Thirty  grams  of  the  finely  divided  ether  were  slowly  added  to  a 
well-cooled  solution  of  magnesium  methyl  iodide  prepared  from 
100  grams  of  the  alkyl  halide  and  15  grams  of  magnesium.  A 
vigorous  action  took  place,  the  solid  becoming  brown  and  then  dis- 
solving;  after  12  hours,  the  liquid  was  decomposed  with  ice  followed 
by  acetic  acid,  which  precipitated  lustrous  leaflets.  The  crystals  were 
filtered,  washed  with  ether,  and  recrystallised  from  boiling  water, 
which  deposited  14  grams  of  dimethylaminocamphor  acetate  in  hard, 
lustrous,  prismatic  needles,  whilst  the  mother  liquor,  united  with  the 
solution  of  magnesium  acetate,  yieldetl  5  grams  of  the  base  on  steam 
distillation  after  treatment  with  alkali. 

01740  gave  0-4718  COj  and  01702  H^O.     C- 73-94  ;  H=10-86. 
C12H21ON  requires  C  =  73-84  ;  H  =  1077  per  cent. 

The  dimethylaminocamphor  liberated  from  the  recrystallised  acetate 
is  a  colourless  oil  which  crystallises  in  needles,  and  boils  at  241°  under 
785  mm.  pressure;  a  solution  containing  0-8497  gram  in  25  c.c.   of 
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absolute  alcohol  gave  a^  3°  24'  in  a  2-dcm.  tube,  whence  [aj^  50'0°. 
It  does  not  reduce  Fehling's  solution,  and  is  affected  only  slowly  by 
ammoniacal  silver  nitrate.  The  picrate,  which  is  only  moderately 
soluble  in  hot  alcohol,  crystallises  in  fern-like  aggregates,  and  melts  at 
220'^,  when  it  decomposes ;  the  hydriodide  separates  from  boiling  water 
in  inch-long,  flat,  lustrous  needles,  which  melt  and  decompose  at  251°. 
The  platinichloride  is  very  sparingly  soluble  in  boiling  alcohol,  but 
dissolves  on  adding  hydrochloric  acid,  and  crystallises  in  transparent, 
glittering,  orange  plates,  which  melt  and  decompose  at  211°.  The 
acetate  is  a  characteristic  salt  which  begins  to  darken  about  210°,  and 
melts,  evolving  gas,  at  251°. 

Formation    of   Dimethylaminocamphor  from    the    Colourless    Benzoyl 
Derivative  of  iso Nitrosocamphor. 

Fifteen  grams  of  the  colourless  benzoyl  derivative  were  added  to  a 
well-cooled  ethereal  solution  of  magnesium  methyl  iodide  prepared 
from  50  grams  of  methyl  iodide  and  7 '2  gi'ams  of  magnesium,  the 
action  being  immediate  and  vigorous.  After  12  hours,  the  product  was 
decomposed  with  ice,  and  on  adding  excess  of  acetic  acid  the  character- 
istic acetate  of  dimethylaminocamphor  was  precipitated ;  when 
recrystallised  from  boiling  water,  the  product  weighed  12  grams,  and 
a  further  quantity  of  the  base  weighing  2  grams  was  obtained  by 
uniting  the  mother  liquor  with  the  solution  of  magnesium  acetate, 
adding  alkali,  and  distilling  in  a  current  of  steam. 

Action  of  Bemenesulphonic  Chloride  on    the    syn-  and   &nii- Modifca' 
tions  of  iso  Nitrosocaviphor. 

Twenty  grams  of  the  syn-modification  (m.  p.  152°)  were  dissolved 
in  100  c.c.  of  pyridine,  and  treated  with  20  grams  of  bonzenesulphonic 
chloride ;  the  temperature  rose,  but  there  was  no  separation  of 
pyridine  hydrochloride.  After  4  hours,  200  c.c.  of  water  were  added, 
precipitating  an  oil  which  rapidly  crystallised,  the  product  being  in- 
soluble in  alkali,  and  weighing  16  grams.  Recrystallised  twice  from 
absolute  alcoliol  and  once  from  ethyl  acetate,  the  substance  was 
obtained  in  long,  lustrous  needles  melting  at  152°. 

0-2166  gave  0'5663  CO2  and  01 570  H.p.     C  =  69-92  ;  H  =  8-05. 
01506     „     10-6  C.C.  of  nitrogen  at  18°  and  776  mm.     N  =  8-22. 
OjoHjgOgN2  requires  0  -  6977  ;  H  -  814  ;  N  =  8-14  per  cent. 

A  solution  containing  0*2481  gram  dissolved  in  25  c.c.  of  chloroform 
gave  On  2°48'  in  a  2-dcm.  tube,  whence  [a]„  1411°.  The  substance  is 
identical  with  the  colourh'BH  anhydride  obtained  from  the  pseudo- 
benzoyl  derivative  and  alcoholic  ammonia  (Trans.,  IDOl,  86,  907). 
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On  subjecting  the  a»<i-modification  of  t«onitrosocamphor  (m.p.  114°) 
to  the  same  treatment,  a  product  was  obtaiDed  which  crystallised  from 
alcohol  in  lustrous,  sulphur-yellow  needles  melting  at  195^^,  and 
giving  [a]i,  139  2°  in  chloroform;  it  is  therefor©  identical  with  the 
yellow  anhydride  of  <>onitrosoeamphor  obtained  by  the  action  of  mild 
dehydrating  agents  on  the  alkali  derivatives  (Trans.,  1903,  83,  53U). 

.CMe-OH 
\  •.2-Diniethylcainpiiaiuidiol,    ^'gH^^^^        nw  ' 

Fifty  grams  of  camphorquinoue  were  added  to  a  solution  of 
magnesium  methyl  iodide  prepared  from  28  grams  of  the  metal  and 
200  grams  of  methyl  iodide  in  500  c.c.  of  absolute  ether  ;  the  sub- 
stance was  converted  immediately  into  a  dark  red  solid  which  rapidly 
dissolved  with  effervescence,  forming  a  colourless  solution.  After  12 
hours,  the  magnesium  compound  was  decomposed  with  ice  followed  by 
acetic  acid,  and  the  ethereal  portion  distilled  on  the  water- bath  ;  the 
residue  being  yellow,  was  warmed  with  an  alcoholic  solution  of 
hydroxylamine,  which  rendered  it  colourless,  and  was  then  submitted 
to  a  current  of  steam,  yielding  44  grams  of  a  snow-white,  volatile 
solid.  This  product  was  crystallised  from  light  petroleum,  which 
dissolves  it  readily  when  waim,  and  deposits  magnificent  transparent 
prisms  meltiug  at  132*^. 

01685  gave  0-4470  CO,  and  0-1670  H^O.     0-7235;  H=1101. 
Ci^H^jO,  requires  C  -  7272  ]  H  =•  1 1  11  per  cent. 

In  dilute  solutions  the  glycol  appears  to  be  optically  inactive,  but 
30673  grams  dissolved  in  25  c.c.  of  absolute  alcohol  gave  a^  14'  in  a 
2-dcm.  tube,  whence  [a]o  0-95°. 

At  tirst  it  was  hoj>ed  that  by  replacing  the  hydroxyl  groups  with 
chlorine  or  bromine,  and  reducing  the  halogen  derivative  thus 
obtained,  it  would  be  possible  to  prepare  the  hydrocarbon  dimethyl- 
camphaue,  but  the  glycol  is  so  sensitive  to  dehydrating  agents  that 
very  little  can  be  done  with  it.  Sulphuric  acid,  hydrobromic  acid, 
phosphorus  pentachloride,  and  acetic  anhydride  convert  it  into 
indefinite  oils  ;  phenylcarbimide  has  no  action  on  it,  but  calcium 
chloride  yields  an  amorphous,  solid  derivative  which  is  not  hygroscopic, 
and  which  regenerates  the  glycol  when  treated  with  boiling  water. 

Royal  College  ok  Science,  London, 
South  Kensington,  S.W. 
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XXIX. — The  Estimation  of  Saccharin. 

By  Charles  Proctor,  F.I.C. 

For  the  estimation  of  the  very  small  quantities  of  saccharin  used 
for  sweetening  aerated  waters,  and  other  articles  of  food  and  drink, 
the  process  generally  followed  has  been  to  extract  the  saccharin 
with  ether  or  other  solvent,  and  then  to  fuse  the  residues  obtained 
in  silver  crucibles  either  with  pure  caustic  potash  and  potassium 
nitrate  or  with  pure  caustic  soda. 

In  the  former  case,  the  sulphur  of  the  saccharin  and  other  asso- 
ciated sulphamido-compounds  is  oxidised  to  sulphate  and  can  be 
estimated  as  barium  sulphate.  By  this  method,  no  distinction  is 
drawn  between  real  saccharin  (o-benzoic  sulphinide)  and  ^'-sulph- 
amidobenzoic  acid;  but  where  this  is  not  necessary  the  results  are 
fairly  satisfactory,  and  the  method  has  the  advantage  of  giving  a 
weighable  quantity  of  barium  sulphate  from  a  very  small  quantity 
of  commercial  saccharin. 

By  fusion  with  caustic  soda  under  suitable  conditions  real  sac- 
charin (o-benzoic  sulphinide)  is  transformed  into  sodium  salicylate, 
which  can  be  detected  and  estimated  by  the  coloration  given  by 
an  iron  salt  in  neutral  or  faintly  acid  solutions.  The  salicylic  acid 
test  is  very  delicate  and  is  capable  of  detecting  minute  quantities  of 
saccharin.  There  appears  to  be  little  doubt,  however,  that  some 
wines  and  fruits  yield  more  or  less  salicylic  acid  when  their  ethereal 
extract  is  fused  with  caustic  soda,  and  as  a  qualitative  test  the 
salicylic  acid  method  must  be  used  with  some  caution. 

The  transformation  of  real  saccharin  into  salicylic  acid  appears  to 
be  a  fairly  quantitative  reaction  under  suitable  conditions ;  and,  as 
p-sulphamidobenzoic  acid,  or  other  impurities  likely  to  be  present 
in  commercial  saccharin,  do  not  yield  salicylic  acid,  this  method  can 
be  employed  for  estimating  the  percentages  of  real  saccharin  in 
commercial  samples. 

Satisfactory  results,  however,  can  only  be  obtained  when  standard 
samples  of  pure  o-benzoic  sulphinide  are  fused  at  the  same  time  and 
otherwise  treated  in  exactly  the  same  manner  as  the  samples  under 
examination.  Apparently  very  slight  variations  at  any  stage  of  the 
experiment  will  cause  somewhat  wide  differences  in  the  results,  and 
rigorouB  attention  to  every  detail  is  therefore  necessary.  There  is 
also  always  some  difficulty  in  exactly  matching  the  colorations 
produced  by  the  iron  salt;  and,  where  the  percentages  of  pure  sac- 
charin in  the  samples  undor  examination  differ  widely  from  the 
standard,  the  dilutions  necessary  to  obtaiu  corrcsi)ondoncc  in  the 
tints  may  give  rise  to  rather  largo  experimental  errors. 
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When  applied  to  the  ordinary  commercial  saccharins,  or  to  mix- 
tures of  saccharin  with  alkali  carbonates  which  can  be  directly 
fused  with  caustic  soda,  the  salicylic  acid  method,  except  for  the 
somewhat  close  attention  to  details  required,  is  a  comparatively 
simple  process.  But  when  the  saccharin  is  mixed  with  other  sub- 
stances, it  is  usually  necessary  to  extract  it  with  ether  or  other 
solvent,  and  the  residues  may  have  to  be  purified  from  colouring 
matter  and  separated  from  salicylic  acid  before  the  fiision  with 
caustic  soda.  This  is  often  very  troublesome,  and  sometimes  prac- 
tically impossible.  When  applied  to  the  mixtures  and  residues 
from  saccharin  factories,  for  instance,  the  results  obtained  were 
unsatisfactory,  probably  owing  to  the  presence  of  o-toluenesulphon- 
amide,  and  possibly  other  ortho-compounds,  which  on  fusion  with 
caustic  soda  yield  some  salicylic  acid.  These  substances  cannot  be 
readily  separated  from  the  saccharin,  and  any  process  for  estimating 
saccharin  which  would  enable  these  preliminary  extractions  and 
purifications  to  be  dispensed  with  would  be  a  great  convenience. 

A  process  of  this  kind  has  been  described,  the  principle  of  which 
appears  to  be  due  to  Remsen  and  Burton,  who,  in  1890  (Amer, 
Chem.  J.y  11,  403—^08),  showed  that  when  commercial  saccharin 
was  boiled  with  dilute  hydrochloric  acid  for  about  an  hour,  the 
ortho-compound  was  changed  into  the  acid  ammonium  salt  of 
sulphobenzoic  acid,  whilst  p-sulphamidobenzoic  acid  remained 
unaltered.  They  described  a  method  of  estimating  the  two  sub- 
stances by  concentrating  the  hydrolysed  solution,  cooling,  and  allow- 
ing the  ^sulphamidobenzoic  acid  to  crystallise,  the  crystals  being 
then  filtered  oflF,  washed,  dried,  and  weighed. 

In  1894,  Hefelmann  {Pharm.  Centr.  Blatt,  85,  105)  described 
a  somewhat  similar  method,  using  71  per  cent,  sulphuric  acid 
as  the  hydrolysing  agent,  but  finally  treating  the  solution  with 
excess  of  caustic  soda,  distilling  oflf  and  estimating  the  ammonia 
produced  as  in  the  Kjeldahl  process  for  estimating  nitrogen. 

Some  years  later,  E.  Emmet  Reid  (Amer.  Chein.  J.,  1899,  21,461) 
made  a  series  of  analyses  of  pure  saccharin  (o-benzoic  sulphinide),  of 
pure  p-sulphamidobenzoic  acid,  and  of  commercial  samples  of  sac- 
charin by  Hefelmanu's  process.  As  a  result  of  his  experiments, 
Reid  came  to  the  conclusion  that  the  percentage  of  pure  saccharin 
in  commercial  samples  could  be  accurately  determined  by  estimat- 
ing the  ammonia  produced  on  hydrolysis  in  the  manner  described 
by  Hefelmann,  but  he  found  that  dilute  hydrochloric  acid,  as  sug- 
gested by  Remsen  and  Burton,  was  a  more  satisfactory  and  con- 
venient hydrolysing  reagent  than  the  comparatively  sti-ong  sulphuric 
acid  used  by  Hefelmann. 

I  have  recently  tested  Emmet  Reid's  process  in  the  analysis  of 
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a  number  of  commercial  saccharins,  salts  of  saccharin,  and  mix- 
tures containing  saccharin,  as  well  as  the  intermediate  products  and 
solutions  obtained  in  the  manufacture  of  saccharin.  My  experi- 
ments show  that  the  process  is  reliable,  and  that  the  results  obtained 
are  not  likely  to  be  affected  by  any  of  the  by-products  present  in 
commercial  saccharins,  or  by  the  mineral  salts  and  solutions  with 
which  such  saccharins  are  usually  mixed. 

The  process  is  carried  out  as  follows :  0-5  to  1  gram  of  the 
saccharin  or  saccharin  mixture  is  weighed  into  a  glass  flask  of 
100 — 120  c.c.  capacity,  and  50  c.c.  of  approximately  normal  hydro- 
chloric acid  are  added.  The  flask,  fitted  with  an  air-condenser,  is 
gently  boiled  on  a  sand-bath,  or  over  a  small  bunsen  flame,  for  two 
and  a  half  hours,  the  ammonia  produced  being  subsequently  estimated 
by  the  ordinary  Kjeldahl  process,  when  the  number  of  c.c.  of  N /lO 
sulphuric  acid  neutralised  by  the  ammonia  multiplied  by  00183 
gives  the  weight  of  pure  saccharin  (o-benzoic  sulphinide)  in  grams. 

The  following  are  examples  of  the  results  obtained  in  our 
experiments :  — 


No.  of 
sample. 


Sample. 


Weight 
taken. 


iV/10 
H2SO4 
neutral- 
ised by 

am- 
monia. 


Equi- 
valent 
Aveight 
of  sac- 
charin. 


Percent- 


"  Pure"  saccharin 

"Pure  "  saccharin 

"Pure  "  saccharin 

Commercial  saccharin  (60  per  cent.) 


Anhydrous  sodium   salts    of   sac- 
charin (90  per  cent.)  ...  

"Sucramine"  (ammonium  salt)  ... 
Less  direct  

Saccharin  tablets  (A) 


Gram. 

0-700 
0-700 
0-500 

0-500 
0-500 

0-500 
0-500 

0-500 
0  500 


0-500 
0-700 


0-9622 
0-9422 


Gram. 
0-6863 
0-6844 
0-4868 

0-4978 
0-4959 

0-4410 
0-4428 

o-3in 

0-3093 


0-4465 


0-6368 

0-3624 
0-3660 


98-0" 

97-8 

97-4 

99 -5  • 
99-2. 

88-2 
88-6. 

62-2 
61-8 

89-3 


90-9 


38  1  1 
38-8/ 


*  Ammonia  derived  from  the  salt. 
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No.  of 

sample. 


10 


11 


12 


13 


14 


15 


16 


Sample. 


8        Saccharin  Ubleta  (B). 


Pure    "  para-aacchariu "    (|>-8ulph- 
amidobenzoic  acid)  


Mixture  of  "pure "  aaocharin  from 

(1) 

and  pure para-aaucharin  from  (9)... 


Mixture  of  "pure "  •aecbarin  from 

(1) 

and  puiv  para- saccharin  from  (9)... 


Pure  o-toluenesulphonamide 

(made  in  laboratory)  

Ck>mmercial  o-toluenenulphonamide 
(made  in  factory)    

Recovered    o-toluenesulphonamide 
(from  factory) 

Recovered    o-toluenesulphonamide 
(from  factory) 

Recovered    o-toluenesulphonamide 

(from  factory)   


JV/10 
H^SO 


Equi- 
valent 


Weight  Inuitni!-     ;^«°^\     Percent 
taken,   i  ued  by     ^,^,        *««• 


iaed  by 

am- 
monia. 


of  sac- 
charin. 


Oram.   I 
1  1250 
1-1282 

0700 
0700 
0500 


0-40* 
0  80 

070 


o-«it\i 

0-05  / 
070 


0700 
0-500 

1000 
0-500 


0-500 
0-500 
0-500 


e.e. 
22*5 
22  5 

nU 
0-1 
nil 


21-2 


S4-9 


nil 
nil 

nil 
nil 


nil 
nil 
0-2 


Qnm. 
0-4118 
04118 


0-0018 


0-S88O 


0-8S88 


S6-6X 
88-5) 


0-2 


65-4 


91 -a 


0  0037  '      07 


*  0-392  gram  pure  saccharin  present, 
t  0  637  gram  pure  saccharin  present. 

Direct  Method. 

During  the  preceding  experiments,  it  was  observed  that  saccharin 
liberated  iodine  from  a  solution  containing  potassium  iodide  and 
iodate.  On  further  investigation,  it  was  found  that  this  reaction 
was  quantitative,  and  that  the  p-sulphamidobenzoic  acid,  but  not 
the  sulphonamides,  also  acted  in  a  similar  way,  although  not  so 
readily. 

This  reaction  affords  an  easy  and  rapid  method  of  estimating 
the  total  percentage  of  saccharin  in  commercial  samples;  and,  in 
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combination  with  the  process  already  described,  it  enables  one  to 
estimate  separately  the  percentages  of  the  real  saccharin  (o-benzoic 
sulphinide)  of  the  para-compound  (^^-sulphamidobenzoic  acid),  and 
indirectly  of  the  sulphonamides  or  other  non-acid  organic  com- 
pounds which  may  be  present  in  commercial  saccharin  or  mixtures 
containing  saccharin,  or  in  the  intermediate  products  and  residues 
obtained  during  the  manufacture  of  saccharin. 

The  process  is  carried  out  as  follows : 

(a)  In  Commercial  Saccharins,  that  is,  powders  known  to  consist 
only  of  the  uncombined  ortho-saccharin,  with  or  without  admixture 
of  37-sulphamidobenzoic  acid  and  traces  of  sulphonamides. 

The  powder  (0-5  to  10  gram)  is  weighed  into  a  flask  of  150  to 
200  c.c.  capacity,  having  a  well-fitting  ground-glass  stopper,  and  50 
to  75  c.c.  of  recently  boiled  distilled  water  are  added.  Into  the 
mixture  a  crystal  or  two  of  potassium  iodide  are  dropped,  and  then 
10  c.c.  of  a  5  per  cent,  solution  of  potassium  iodate,  and  the  whole 
shaken  gently.  The  pure  ortho-saccharin  dissolves  almost  imme- 
diately, liberating  an  equivalent  quantity  of  iodine,  which  can  be 
titrated  with  JV/10  sodium  thiosulphate  and  starch  in  the  usual 
way.  If  there  is  any  large  proportion  of  the  para-compound  pre- 
sent, the  powder  dissolves  much  more  slowly;  and  if  at  the  end  of 
five  minutes  any  undissolved  powder  still  remains,  before  titration, 
the  flask  is  vigorously  shaken  once  or  twice  during  15 — 20  minutes 
until  the  solution  of  the  saccharin  appears  to  be  complete. 

The  number  of  c.c.  of  JV/10  sodium  thiosulphate  required  mul- 
tiplied by  00183  expresses  the  result  as  grams  of  real  saccharin; 
and,  where  it  is  evident  from  the  progress  of  the  experiment  that 
the  admixture  of  the  para-compound  is  small,  the  quantity  so  found 
will  be  a  close  approximation  to  the  combined  weight  of  the  ortho- 
and  para-saccharins  present  in  the  sample.  To  obtain  the  exact 
proportion  of  each  substance,  the  ammonia  produced  on  boiling 
with  dilute  hydrochloric  acid  must  also  be  determined  as  already 
described,  and  from  the  total  number  of  c.c.  of  iV/10  thiosulphate 
required  by  the  iodine  liberated  in  the  direct  titration  of  the 
powder,  the  number  of  c.c.  oi  N/10  acid  reqviired  to  neutralise  the 
ammonia  produced  from  an  equal  weight  of  the  powder  is  sub- 
tracted. The  difference  multiplied  by  00201  will  give  the  weight 
in  grams  of  the  /j-sulphamidobenzoic  acid  in  the  sample.  Thus 
a  sample  of  "  pure  "  saccharin  and  three  samples  of  "  commercial  " 
saccharin  gave  the  following  results: 
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Percentage. 


•^3 


^ 


S.5 

O    3    £ 


2     1 


Gram 
0  500 
0-500 
0-500 
0-500 


c.c. 
27*0 
26-7 
26-5 
26  0 


e.0. 
96-8 

24  0 
24  0 
24  1 


8^ 


a^ 


e.e. 
0-S 
1-7 
2*5 

1-9 


Gmm 
0-4904 
0-4SM 
0-4391 
0-4410 


Oraa 

OIKMO  ••-08 

0^»42  87  84 

0D&02  87-84 

0-088S  88-20 


0-90 

«-84 

10^ 

7-84 


98-8S 

97 -M 

H-S4 


^Ic 


9«-ti 

94  iM 
9t-99 

96-10 


It  will   be   observed   that   the  percentage   of  "  eommercUl  uo- 

charin " — that  is,  of  the  mixture  of  o-benzoic  sulphinide  and 
^-sulphamidobenzoic  acid — calculated  from  the  iodine  directly 
liberated  does  not  differ  very  much  from  the  total  peroenta^  of  the 
two  compounds  actually  present,  being  less  than  1  per  cent,  too  low 
even  when  the  para  compound  is  present  to  the  extent  of  10  per 
cent,  in  the  mixture. 

(6)  Where  the  samfle  u  mixed  with  »odivm  carbonate  ttr  other 
alkali  carbonates,  or  where  it  m  mi  the  form  of  the  ammonium  or 
sodiii/n  salt  uf  saccharin. 

In  this  case,  0  5  to  10  gram  of  the  powdered  sample  is  weighed 
iu  a  platinum  capsule  and  covered  with  about  5  c.c.  of  pure  con- 
centrated hydrochloric  acid.  The  capsule  is  heated  on  the  st«am- 
bath  until  the  excess  of  acid  has  been  completely  driven  off,  and 
then  dried  for  about  two  hours  in  the  oven. 

The  residue  is  washed  into  a  flask,  mixed  with  potassium  iodide 
and  iodate,  and  titrated  as  before.  When  treated  in  this  way,  the 
results  tabulated  on  p.  248  were  obtained. 

Ou  heating  with  the  concentrated  hydrochloric  acid,  the  ortho- 
saccharin  is  slightly  changed  to  the  acid  ammonium  salt  of  sulpho- 
benzoic  acid,  but  this  does  not  affect  the  results,  as  this  salt  itself 
liberates  an  equivalent  quantity  of  iodine. 

When  the  saccharin  is  in  solution,  a  quantity,  equivalent  to 
between  0  5  and  10  gram,  can  be  weighed  into  a  platinum  capsule 
and  evaporated  with  an  excess  of  pure  hydrochloric  acid,  or  the 
saccharin,  &c.,  may  be  first  extracted  with  ether  or  other  solvent 
and  the  residues  treated  as  before. 

It  is  often  more  convenient,  however,  to  hydrolyse  the  saccharin 
by  Emmet  Reid's  process;  and  then,  before  distilling  off  the  am- 
monia, to  concentrate  and  cool  the  acid  solution  in  an   ice-bath. 
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Sample. 

1. 

2. 

3. 

4. 

5. 

6. 

Percfi^tafiffi  of 

(-1 

"Weight  of 

(M 

<o  +^ 

'^  ^. 

Kind. 

ii 

O     PL, 

o  o 

<  a 

1—1 

II 

o 

II 

a  CO 

f-<  oo 

CO     v/ 

phamidoben- 
e  acid  = 
X  0-0201. 

O 
^    S3 

'Eh 

1 

■=3 

'a  =* 

1.2 
.a  o 

tn 
o 
C 
cS 

1 

13  5? 

32 

o 

3    <u 

1 

Grams 

C.C. 

C.C. 

Grms 

Gram 

Gram 

Gram 

Tablets  A   

0-950 

32-9 

20-0 

12-9 

0-3660 

0-2593 

0-6253* 

38  52 

27-30 

65-82 

Tablets  B    

1-125 

36-6 

22-5 

14-1 

0-4118 

0-2834 

0'6952* 

36'60 

25-19 

61-79 

Saccharin     sod- 

ium    salt    (80 

per  cent.) 

1-000 

44-9 

42-4 

2-5 

0-7759 

0-0502 

0-8261 

77-59 

5-02 

82-61 

' '  Sucramine  " 

ammonium 

salt     

1-000 

49-8 

497 

0-1 

0-9095 

0-0020 

i 

0-9115 

90-95 

0-20I91-15 

*  The   tablets  consist   of  a  mixture  of   sodium  hydrogen  carbonate  with    com- 
mercial saccharin  (60  parts  ortho-  and  40  parts  para-saccharin). 


From  the  well-cooled  solution,  the  para-compound,  together  with  any 
sulphonamides,  &c.,  can  be  easily  extracted  on  shaking  up  two  or 
three  times  with  about  an  equal  volume  of  ether.  The  ether  is 
evaporated  off  and  the  residue  weighed  in  a  tared  flask.  To  this 
residue  is  then  added  potassium  iodide  and  iodate,  and  the  liberated 
iodine  titrated  and  calculated  as  2?-sulphamidobenzoic  acid.  The 
difference  between  the  total  weight  of  the  ether  residue  and  that  of 
the  para-compound,  as  thus  detei'mined,  represents  the  unaltered 
sulphonamides,  &c.  The  details  of  the  process  may  be  modified  in 
various  ways  to  suit  the  necessities  of  the  case  in  the  particular 
sample  under  examination,  and  the  extent  of  the  information  re- 
quired from  the  analysis.  Where  small  pex'centages  of  saccharin  are 
present,  or  only  small  quantities  of  the  samples  are  available,  more 
dilute  standard  solutions — N /20  or  Nj 50  instead  of  Nj  10 — can  be 
employed.  It  is  always  necessary  to  determine  by  blank  experi- 
ments that  tlie  reagents  and  solutions  used  are  free  from  ammonia, 
and  that  the  samples  contain  no  ammonium  salt;  and  when  dilute 
solutions  are  employed,  care  must  be  taken  to  avoid  the  access  of 
extraneous  ammonia. 
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I  have  to  thank  Dr.  Thorpe,  C.B.,  F.R.8.,  Principal  of  theGovem- 
ment  Laboratory,  for  permission  to  use  for  the  purposes  of  this 
communication  the  results  of  analyses  m*de  in  this  laboratory. 

Government  Labobatory, 

Clement's  Inn  Pasuace, 
Stkakd,  W.C. 


XXX. — The  Relation  between  Naturcd  and  Synthetical 
Glycerylphosphonc  Acids. 

By  Fredkuck  Bbldivo  Powbb  and  Pbame  Tuna. 

The  fact  that  glycerylphosphorio  add  is  ft  eoDStiinani  of  lb«  molecular 
complex  known  as  lecithin  has  led  to  th*  madtfijnftl  UN  of  a  number 
of  salts  of  this  aoid  and  to  their  chemieal  skody. 

The  first  to  prepare  glycerylphoiiphorie  aeid  synthetically  was 
Pelouze  (Compt.  reiul.,  1845,  21,  718,  and  J.  jir.  6'A«m..  1845,36, 
257),  who  obtained  it  by  the  action  of  phosphoric  oxide  or  of  meta- 
phosphoric  acid  on  glycerol.  The  analytea  recorded  by  Pelouie  of  its 
calcium,  barium,  and  lead  salts  indicate  that  under  the  conditions 
employed  by  him  a  monoglyoeryl  ester,  C,Hj(0H)j'0*PO(UH)y 
was  obtained,  and  hi8  purpose  in  preparing  this  was  to  confirm  the 
correctness  of  the  formula  previously  assigned  to  glycerol.  At  about 
the  same  time,  Gobley  had  obtained  glyc-erylphosphoric  acid  from  the 
yolk  of  egg,  and  it  was  stated  by  Pelouie  {loc.  eit ),  solely  from 
analytical  comparisons,  that  not  the  slightest  doubt  could  be  entertained 
respecting  the  absolute  identity  of  the  glycerylphosphoric  acid  from 
this  source  with  that  obtained  by  the  action  of  phosphoric  acid  on 
glycerol. 

By  the  interaction  of  glycerol  and  phosphoric  acid,  there  is  the  possi- 
bility that  several  esters  may  be  formed,  and  the  product  would 
therefore  contain  one  or  more  of  these,  according  to  the  relative  pro- 
portions of  the  interacting  substances  and  to  the  varying  conditions 
of  time,  temperature,  and  pressure  to  which  the  mixture  is  subject^i. 
The  only  known  products  of  this  action,  however,  appear  to  be  (1) 
the  mono-ester,  glycerylphosphoric  acid,  C3H5(OH)3*0*PO(OH), ;  (2) 

the  so-called   di-ester,    CjHj(OH)<^PO-OH,and  (3)the  tri-esteror 

glyceryl  phosphate,  CjH^iPO^. 

The  oonditious  under  which  these  three  esters  respectively  are 
formed,  and  the  relative  proportions  in  which  they  are  contained  in 
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the  product  of  the  reaction,  have  been  determined  by  Carre  (Compt. 
rend.,  1903,  137,  1070).  He  has  also  shown  that  by  the  method 
usually  employed  for  the  px'eparation  of  glycerylphosphoric  acid  it  is 
associated  with  some  of  the  above-mentioned  di-ester,  to  which  the 

0— CH, 
constitution  PO^OH    CH-OH  has  been  assigned,  and  not  with  the 

^0 CHg 

diglycerylphosphoric  acid,  [C3H.(OH)20]2lPO'OH,  as  had  been 
assumed  by  Adrian  and  Trillat  {J.  Pharm.,  1898,  7,  226). 

The  discrepancies  of  statement  respecting  the  composition  and 
characters  of  the  salts  of  glycerylphosphoric  acid  (compare  Portes 
and  Prunier,  J.  Pharm.,  1894,  29,  393,  and  Petit  and  Polonowsky, 
ibid,,  1894,  30,  193)  are  evidently  due,  as  suggested  by  Carre  {loc. 
cit.),  to  their  contamination  with  the  salts  of  the  di-ester.  It  was 
therefore  deemed  of  interest  to  ascertain  the  characters  of  the  above- 
mentioned  salts  when  prepared  under  such  conditions  as  are  known 
to  exclude  the  formation  of  the  di-ester. 

In  the  course  of  our  work,  a  paper  has  appeared  by  Willstatter  and 
Llidecke  {Ber.,  1904,  37,  3753)  on  the  subject  of  lecithin,  in  which 
the  relation  between  the  glycerylphosphoric  acid  obtained  from  the 
latter  and  that  prepared  synthetically  is  considered.  They  claim  to 
have  found  essential  differences  between  the  barium  and  calcium  salts 
of  these  two  acids,  not  only  with  respect  to  solubility,  but  especially 
in  the  composition  of  the  preparations  when  dried  by  heat.  Although 
the  salts  of  the  natural  acid  are  Isevorotatory,  from  which  they  infer 

CH^-O-POgH^ 
that  this  must  have  the  unsymmetrical  formula  CH'OH  ,   they 

CHg'OH 
think  there  is  very  little  probability  that  the  differences  are  simply 
those  which  usually  exist  between  optically  active  compounds  and  the 
corresponding  racemic  ones,  especially  in  consideration  of  the  fact 
that  the  salts  of  the  glycerylphosphoric  acid  obtained  from  lecithin, 
which  served  for  the  purpose  of  comparison,  did  not  possess  their  full 
degree  of  optical  activity,  but  in  the  course  of  preparation  had  become 
partially  racemised.  As  an  example  of  these  differences,  they  note 
that  the  calcium  salt  of  the  partially  racemised  natural  acid,  dried  at 
130°,  is  anhydrous,  whilst  that  of  the  synthetical  acid  prepared  by 
them,  on  account  of  containing  more  than  2  per  cent,  less  of  calcium, 
appears  to  retain  at  that  temperature  1|  molecules  of  water.  From 
these  considerations,  they  were  led  to  the  conclusion  that  the  glyceryl- 
phosphoric acid  of  Pelouze  is  different  from  that  obtained  from 
lecithin,  although  the  question  as  to  the  cause  of  this  difference  and 
that  of  the  constitution  of  the  synthetical  acid  was  left  undecided. 
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In  our  investigation,  it  is  shown  that  the  above  conclusion  of 
Willstiitter  and  Liidecke  is  invalid,  a.s  it  is  evident  tliat  the  condi- 
tions under  which  they  prejjared  their  synthetical  glycerylphosphoric 
acid  were  such   as  are  now  known  to   afford  some  of  the  di-«8ter, 

Cj,H^(OH)<^>PO'OH  (compare   Carre,   loc.   cit.).    The   diffareooM 

observed  by  them  in  the  percentages  of  metal  contained  in  the  salts 
of  the  natural  acid  and  in  those  of  their  synthetical  acid  do  not, 
thorofore,  justify  their  assumption  that  the  latter  retained  water  when 
heated  to  the  specitied  temperatures. 

Furthermore,  the  observation  of  Willstiitter  and  Liidecke  that  the 
glycerylphosphoric  acid  from  lecithin  possessed  optical  activity, 
although  certainly  proving  the  presence  of  the  unsymmetrical  acid 
in  the  preparation,  does  not  necessarily  exclude  the  possibility  that 
gome  of  the  symmetrical  acid  was  also  present.  Inasmuch  as  the 
natural  acid  has  in  no  instance  been  prepared  from  a  lecithin  which  was 
known  to  be  a  pure  subsUince  (compare  Bergell,  B«r.,  1900,  33,  2584), 
no  proof  can  as  yet  be  adduced  that  it  is  not  a  mixture  of  the  unsym- 
metrical and  the  symmetrical  isomerides.  The  same  possibility 
naturally  exists  with  respect  to  the  homogeneity  of  the  synthetical 
acid,  which,  however,  doubtless  consists  chiefly  of  the  unsymmetrical 
isomeride. 

We  shall  endeavour  to  prepare  both  these  isomerides  in  order  to 
compiire  them,  on  the  one  hand  with  the  completely  racemised  natural 
acid,  and  on  the  other  hand  with  the  acid  obtained  by  the  interaction 
of  phosphoric  acid  and  glycerol. 

Experimental. 

In  order  to  determine  and  compare  the  characters  of  some  of  the 
salts  of  glycerylphosphoric  acid,  when  prepai-ed  by  definite  methods, 
the  following  experiments  were  conducted. 

I.  Twenty-tive  grams  of  glycerol  and  30  grams  of  phos;phoric  acid 
(sp.gr.  1-70)  were  mixed, and  heated  togetherfor24  hours  (in  three  periods 
of  8  hours  each),  in  an  oil-bath  at  105 — 110"^.  The  mixture  was  then 
added  to  an  excess  of  milk  of  lime,  the  liquid  filtered  when  cold,  and 
the  precipitate  thoroughly  washed  with  water.  The  combined  filtrate 
and  washings,  after  being  deprived  of  the  excess  of  b"me  by  means  of 
carbon  dioxide,  were  divided  into  two  portions,  (o)  and  (6),  which  were 
evaporated  to  a  small  bulk,  when  some  of  the  salt  separated. 

(a)  In  one  case,  the  calcium  salt  which  had  sepan\ted  from  the  hot 
liquid  was  collected,  and  washed  with  a  little  hot  water. 
11031  of  the  salt,  dried  at  1 25^.gave  02940  CaO.     Ca  =  1 904  per  cent. 

(6)  In  the  other  case,  the  calcium  salt  yras  completely  precipitated, 
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by   the   addition    of  alcohol.      This  was  collected  and  washed  with 
alcohol. 

1-0100  of  the  salt,  dried  at  1 25°,  gave  0-2695  CaO.     Ca  =  19-06. 
CgH^OgPCa  requires  Ca  =  19-04  per  cent. 

II.  A  mixture  of  glycerol  and  phosphoric  acid,  in  the  above- 
mentioned  proportions,  was  heated  for  the  same  length  of  time  as  in 
I,  but  at  120 — 125°.  The  calcium  salt  was  obtained  by  complete 
precipitation  with  alcohol. 

1-0245  of  the  salt,  dried  at  125°,  gave  0*2464  CaO.    Ca  =  17-2  per  cent. 

III.  A  mixture  of  glycerol  and  phosphoric  acid  was  heated  in  the 
same  proportions  and  for  the  same  length  of  time  as  in  the  preceding 
experiments,  but  at  135°.  The  calcium  salt  was  obtained  by  complete 
precipitation  with  alcohol. 

1-0512  of  the  salt,  dried  at  125°,  gave  0-2466  CaO.     Ca  =  167  per  cent. 

It  is  evident  from  the  above  i-esults  that  when  glyccrylphosphoric 
acid  is  prepared  at  temperatures  above  110°  it  is  associated  with 
varying  amounts  of  the  di-ester,  the  calcium  salt  of  which  requires 
Ca=  ir56  per  cent. 

Having  confirmed  the  conditions,  ascertained  by  Carre  {loc.  cit.), 
under  which  only  the  mono-ester  (I)  is  formed,  a  considerable  quantity 
of  it  was  prepared  for  the  purpose  of  examining  some  of  its  salts 
more  completely. 

/O.C3H,(OH), 

Calcium  Glycerylfhosphate,  0  =  P(--0^^  .  * 

\Q^Ua 

This  salt  forms  tufts  of  crystalline  leaflets  when  its  cold,  saturated 
solution  is  heated  on  a  water-bath  ;  it  is  soluble  at  16°  in  22-4  parts, 
at  25°  in  25-2  parts,  and  at  100°  in  108-6  parts  of  water;  it  is 
insoluble  in  alcohol. 

0-5696,  'previously  dried  in  a  vacuum,  lost  on  heating  at  125° 
00044  or  077  per  cent.  This  salt  was  therefore  practically  anhydrous, 
since  half  a  molecule  of  water  would  require  a  loss  of  4-1  per  cent. 

0-6652,  dried  at  125°  gave  0-1523  CaO.     Ca=  19-25. 
CgllyOflPCa  requires  Ca=1904  per  cent. 
0-6954,  dried  at  125°,  gave  after  ignition,  solution  in  nitric  acid,  and 
precipitation  by  ammonium  molybdate,  03649  Mg.^P.^07.     P=»  14-75. 
08H70^PCa  requires  P=  1476  per  cent. 

For  further  confirmation  of  the  composition  of  this  salt,  its  combus- 
tion with  both  copper  oxide  and  lead  chromate  was  attempted,  but 
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owing  to  the  difficulty  of  completely  burning  away  the  carbon,  only 
the  hydrogen  was  estimated. 

0-3651,  dried  at  125°,  gave  01129  HjO.     H-3-43. 
0-3907,        „         „        „     01 191  H,0.     H  =  3-38. 
CaHyOflPCa  requires  H  »  333  per  cent. 

yO-C,H5(0H), 

Strontium  Glyceryl phosjtliate,  O  =  ^^T^-^c 

This  salt,  like  that  of  calcium,  is  more  sparingly  soluble  iu  hot 
than  in  cold  water.  On  heating  a  cold,  saturated  solution  of  it  on  a 
water-bath,  it  separateil  as  a  white,  granular  powder. 

04957,  previously  dried  in  a  vacuum,  lost,  on  heating  at  125^,  0  0074 
or  1  '49  per  cent.  Half  a  molecule  of  wat«r  would  require  a  loss  of 
3*37  per  cent. 

0-4883,  dried  at  126^  gave  0-3451  SrSO^.     Sr-  33-7. 
CjHyOjPSr  requires  Sr-  34*0  per  cent. 

xO.C,H,(0H), 
Barium  Glyc«rylpho4phaU,  ^"Ix^^^ij,. 

This  is  similar  in  its  properties  to  the  strontium  salt. 

0  4550,  previously  dried  in  a  vacuum,  lost,  on  heating  at  125°, 
00041  or  0-90  per  cent.  Half  a  molecule  of  water  would  require  a 
loss  of  2-84  per  cent. 

0-4401,  dried  at  125°,  gave  03301  BaSO^.     Ba  =  44-1. 
CjHjOgPBa  requires  Ba  =  44-7  per  cent. 

The  following  salts  were  all  prepared  from  a  solution  of  the  pure 
barium  salt  by  exact  precipitation  with  a  solution  of  the  sulphate  of 
the  respective  metal,  filtering,  and  concentrating  the  filtrate. 


X).C,H,(OH), 

,  o-peoLi 


Lithium  Glycerylpho»phate,  v  —  x  \  v^ 

This  salt  is  very  readily  soluble  in  cold,  but  only  moderately  so  in 
hot  water.  On  warming  its  cold,  saturated  solution,  it  is  deposited  in 
tufts  of  small  leaflets. 

0-2934  of  the  air-dried  salt,  heated  at  125°,  lost  0-0204  or  69  per  cent. 

This  represents  between  one-half  and  one  molecule  of  water,  which 
would  require  respectively  a  loss  of  4-6  and  8-9  per  cent. 
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0'3842  of  the  anhydrous  salt  gave,   on  ignition,   0"2101    Li^PgO^. 

C3H^O^PLi2  I'equires  ILi^P^^^  —  ^^'^  V^^  cent. 
0*2703  of  the  anhydrous  salt  gave,  after  ignition  and  solution  in 
water,  0-1634  MggPgO..     P  =  16-8. 

CgHi^OgPLig  requires  P=  16"7  per  cent. 

The  sodium  salt  was  first  obtained  as  a  syrup,  but  on  remaining 
for  several  weeks  in  a  vacuum  over  sulphuric  acid,  glistening  leaflets 
slowly  formed.  The  analysis  of  this  salt  indicated  that  it  was  not 
perfectly  pure,  and  the  amount  was  too  small  to  admit  of  its  recrys- 
tallisation. 

The  potassium  salt  was  only  obtained  in  the  form  of  an  uncrystal- 
lisable  syrup. 

The  ammonium  salt,  on  concentrating  its  solution,  likewise  formed 
a  syrup,  and,  when  this  was  allowed  to  remain  in  a  vacuum  over 
sulphuric  acid,  it  gradually  dissociated,  with  the  loss  of  ammonia. 

/0-C3H,(OH)2,3H20 
Manganese  Glycerylphosphate,  O  =  P\-Ov.^-]yr 

This  salt  is  moderately  soluble  in  cold,  but  very  sparingly  so  in  hot 
water.  On  warming  its  cold  solution,  it  separates  in  tufts  of  small, 
well-defined  needles  of  a  light  pink  colour. 

0-4617   of   the   air-dried    salt,  heated   at    125°,  lost   0-0873    HgO. 
H20=18-9. 

C.^H706PMn,3H20  requires  H20-=  19-3  per  cent. 
0-3744  of  the  anhydrous  salt  gave  0-1255  MngO^.     Mn  =  24-1. 
CgH^-OgPMn  requires  Mn  =  24-4  per  cent. 

/0-C8H,(OH)2,^H20 
Zinc  Glycerylphosphate,  0  =  Ps— 0^^ 

This  salt,  unlike  most  of  the  other  salts  of  glycerylphosphoric  acid, 
is  more  readily  soluble  in  hot  than  in  cold  water.  It  also  crystallised 
with  greater  facility  than  any  of  the  preceding  salts,  and  on  cooling 
its  hot  concentrated  solution  separated  as  a  mass  of  colourless,  glisten- 
ing plates.  On  heating  at  125°,  it  underwent  some  change,  apparently 
becoming  converted  into  a  basic  salt,  which  was  insoluble  in  water. 

0-3769  of  the  air-dried  salt  gave  0-1221  ZnO.     Zn  =  26-0. 
O^B.>,O^VZn,^B.f>  requires  Zn  =  26-7  per  cent, 
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Examination  qf  Hu  Salts  qf  GljfomylpAotpkcrie  Acid  prepared  by 
WillstiUter  and  LiideeJce's  Method 

In  order  to  test  the  validity  of  the  eonclutioM  of  WilUtAtter  and 
Liidecke  {Ber.,  1904,  37,  3753)  respecting  the  differenoe  whifih  they 
8upiK)sed  to  exist  between  the  natural  and  sjntheiieal  i^yearjlplioa- 
phoric  acids,  we  have  also  prepared  aone  ci  the  barium  and  aakiiim 
salts  of  the  latter  acid  exactly  in  aoeordanee  with  the  method  adopted 
by  them.  From  the  results  of  our  initial  ezpwimenta  (II  and  III),  it 
was  to  be  expected  that  the  salt*  obtained  by  the  mat  bod  of  tha 
above  mentioned  investigators  would  not  eonaist  wholly  of  thoaa  of 
the  mono-ester,  but  would  contain  varying  amounts  of  the  correspond- 
ing salts  of  the  di-ester,  a  fact  which  they  appaar  to  have  eomplataly 
overlooked,  and  which  is  rendered  evident  by  a  eonaidaratum  of  Iha 
analytical  data. 

Molecular  proportions  of  crystallised  phos|rfiorie  add  and  pure  dry 
glycei-ul  (53  2  grams  of  the  former  and  50  grams  of  the  latter)  were 
heated  together  in  an  oil-bath  at  135 — 140**  ondar  15  mm,  preasura, 
and  the  water  eliminated  by  the  reaction  absorbed  by  strong  sulphuric 
acid  contained  in  a  flask  adapted  to  the  apparatus.  After  6  hours, 
acrolein  was  given  off,  and  the  heating  was  thaa  diseootiniiad.  Tha 
mixture  was  poured  into  an  ezoess  of  baryta  adtoiimi,  and,  whan  aold, 
the  liquid  was  filtered,  and  the  precipitate  thoroughly  washed  with 
water.  The  combined  filtrate  and  washings,  after  being  freed  from 
baryta  by  carbon  dioxide,  was  again  filtered,  and  concentrated  on  a 
water-bath  to  a  small  bulk.  The  salt  was  than  comfdetdy  precipi- 
tated by  the  addition  of  alcohol,  collected  ou  a  filter,  washed  with 
alcohol,  aud  dried  in  the  air. 

Barium  Salt. — A  portion  of  this  salt  was  dissolved  in  water,  tba 
solution  filtered,  concentrated,  precipitated  by  alcohol,  and  these 
operations  repeated  five  times  consecutively.  This  product  was  then 
dissolved  in  water  and  the  salt  which  s^Mirated  by  heating  the  solu- 
tion on  a  water-bath  was  collected  and  analysed. 

0-4322,  dried  at  105°  until  of  constant  weight,  gave  03176  BaSO^. 
Ba  =•  43  2  per  cent. 

Another  portion  of  the  barium  salt  was  precipitated  from  its  aqueous 

solution  six  times  successively  by  alcohol,  and  was  then  anal\  ^ed  with- 
out subsequent  treatment  with  water. 

0  3040,  dried  at  105^  until  of  constant  weight,  gave  0-2139  BaiSO^. 
Ba  =  41*4  per  cent. 

Asa  barium  salt  of  the  mono-ester  requires  Ba  =  44  6  per  cent., 
Willstatter  and  Liidecke  {loc.  cit.),  having  found  a  somewhat  lower 
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percentage  of  barium,  calculate  their  results  for  a  salt  having  the 
composition  CgH^OgPBajHgO,  but  without  any  direct  evidence  that  it 
contained  a  molecule  of  water.  They  also  consider  it  remarkable  that 
the  salt  precipitated  by  alcohol  contains  relatively  less  barium  than 
that  obtained  by  heating  the  aqueous  solution.  As  we  have  previously 
shown,  however,  the  lower  percentage  of  barium  in  these  salts  is  not 
due  in  either  case  to  the  presence  of  water,  but  to  a  salt  of  the  di-ester, 
and  this  is  in  relatively  greater  proportion  when  the  salt  is 
precipitated  by  alcohol  than  when  separated  by  heating  the  aqueous 
solution. 

Calcium  Salt. — This  was  prepared  from  the  original  barium  salt, 
obtained  by  the  above-described  method,  by  shaking  its  solution  with 
freshly  precipitated  calcium  sulphate  until  the  liquid  no  longer  gave  a 
reaction  for  barium.  The  filtered  liquid  was  then  concentrated  on  a 
water-bath,  and  the  salt  which  separated  from  the  hot  solution  was 
collected.  It  was  first  dried  in  a  vacuum  over  sulphuric  acid  until  of 
constant  weight,  and  then  analysed. 

0-6435,  heated  at  125—130°,  lost  0-0262  HgO.     H2O  =  4-07. 
0-6191,         „         125— 130°,  gave  0-1447  CaO.    Ca  =  16-69  per  cent. 

Willstatter  and  Liidecke,  in  interpreting  the  results  of  their 
analysis  of  this  salt}  state  that  the  loss  of  weight  on  heating  at 
125 — 130°  appears  to  correspond  to  f  molecule  of  water,  and  that 
when  heated  at  this  temperature  it  contains  an  amount  of  calcium 
(16'69  per  cent.)  agreeing  best  with  the  formula  C3H70gPCa,l^H20, 
which  requires  Ca  =  16-87  per  cent. 

It  should  be  considered,  however,  that  as  anhydrous  calcium 
glycei'ylphosphate  contains  19-04  per  cent.,  and  the  corresponding 
salt  of  the  di-ester  11*56  per  cent,  of  calcium,  a  mixture  of  these  two 
salts  in  the  proportion  of  69  per  cent,  of  the  former  and  31  per  cent. 
of  the  latter  would  contain  16-72  per  cent,  of  calcium,  or  almost 
precisely  the  amount  that  was  found  in  the  salt  assumed  to  contain  \^ 
molecules  of  water.  It  has  been  found  possible  to  decide  which  of 
these  conditions  obtains  by  estimating  the  total  amount  of  hydrogen 
in  the  salt.  This  was  accomplished  by  its  combustion  with  copper 
oxide,  as  indicated  in  the  case  of  the  previously  described  calcium 
salt. 

0-3715,  previously  heated  at  125—130°,  gave  01121  HgO.    H  =  3-35. 
0-3742,         „  „  „  „     0-1167  HgO.    H  =  3-46. 

per  cent. 

A  mixture,  in  the  above-mentioned  proportions,  of  the  calcium  salts 
of  the  two  esters  requires  II  =  3-37  per  cent.,  whereas  a  salt  of  the 
mono-ester  with  1^  molecules  of  water  requires  H-=4-22  per  cent. 
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It  is  evident,  therefore,  tluit  the  salt  obtained  under  tb«  oonditions 
employed  hy  Willstattar  and  Liidecke  was  a  mixture  of  ib«  oaldam 
salts  of  the  mono-  and  di-esten,  and  not  the  hydrated  salt  of  the 
moQO-ester,  as  they  have  assumed.  This  conclusion  is,  furthermore, 
8upix>rted  by  the  results  obuined  by  Carre  {Ice.  eit.)  in  his  investiga- 
tion of  the  products  of  the  interaction  of  glyeerol  and  phoqiliorie 
acid  under  varying  conditions  of  temperatore  and  {weasore. 

Moreover,  it  has  been  shown  that  it  is  possible  under  eMrteiii 
conditions  to  obtain  a  syntbetittil  glyeerylphosphoric  aetd,  the  salts  of 
which  agree  with  those  of  a  mono-ester,  and,  on  eomparing  the  barium 
and  calcium  salts  of  this  synthetical  acid  with  those  prepared  by 
Willstiitter  and  Liidecke  from  the  glyceryl  phosphoric  acid  from 
lecitliin,  the  only  apparent  difference  in  coiupubitton  is  in  the  amount 
of  water  retained  by  the  calcium  salt  after  drying  in  a  vacuum. 

Thk  Wsllcomb  Chbmicai.  RisBAaca  LaauaAToaiBs, 
London,  K.C. 


XXXI. — The  Formation  of  Magiiesia  from  Magnesium 
Carbonate  by  Heat,  and  the  Effect  of  Tempered 
tiire  on  the  Properties  of  the  Product. 

By  WiLUAM  Cahsick  Anpeksos. 

Magnesium  oxide  prepared  by  different  methods  is  known  to  be 
subject  to  wide  variations  in  p^perties.  That  obtained  by  gentle 
heating  of  the  native  carbonate  reacts  quickly  with  wato-,  and,  when 
in  presence  of  a  limited  amount  of  water,  "  sets "  to  a  firm  meat. 
The  product  obtained  by  heating  similarly  the  artificial  carbonates 
does  not  "  set,"  although  it  also  appears  to  slake  rapidly  with  water, 
but  if  these  carbonates  be  treated  with  nitric  acid  and  the  resulting 
nitrate  ignited  gently,  the  oxide  left  will  "  set "  similarly  to  that 
obtained  from  the  native  carbonate  by  heat.  Again,  when  magnesite 
is  heiited  not  to  a  moderate  temperature,  but  to  a  white  heat,  the 
residue  remains  practically  unacted  on  by  water  even  after  the  lapse 
of  a  considerable  time.  The  specific  gravities  of  the  oxides  obtained 
by  these  methods  are  also  different,  as  can  be  appreciated  by  a  glance 
at  the  relative  bulks  they  occupy. 

In  the  following  investigation,  an  endeavour  was  made  to  ascertain 
(1)  the  temperature  at  which  the  carbonates  of  magnesium  are  fully 
decomposed  into  oxide  in  the  open  air  ;  (2)  the  effect  produced  on  some 
selected  property  of  the  oxide  by  maintaining  it  at  a  definite  tempera- 
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ture  for  a  known  pei'iod  after  its  formation  ;  and  (3)  whether  the 
resulting  changes  took  place  gradually  or  per  saltum  as  the  limit  of 
temperature  was  raised. 

The  property  selected  for  examination  in  (2)  and  (3)  was  the  relative 
solubility  in  water  or  the  amount  of  magnesia  dissolved  in  2  hours  by 
200  c.c.  of  distilled  water  at  20°  from  a  large  excess  of  the  oxide. 
Approximately  the  same  amount  of  magnesia  by  weight  was  used 
in  each  experiment. 

Regarding  the  actual  solubility  of  magnesia  in  water,  very  little 
information  is  to  be  found  in  the  literature,  and  for  the  purpose  of 
this  investigation  it  was  not  considered  essential  to  fix  this  exactly. 
The  researches  bearing  on  the  point  are  for  the  most  part  of  earlier 
date,  and  even  in  the  later  ones  there  is  usually  no  description  of  the 
preliminary  treatment  to  which  the  oxide  has  been  exposed.  Fyfe 
{Edinburgh  Phil.  J.,  1821,  5,  305)  quotes  Henry  to  the  effect  that 
water  does  not  dissolve  more  than  l/2000th  part  of  its  weight  of 
magnesia  (say  500  milligrams  per  litre),  while  Kirwan  gives 
its  solubility  as  1  in  7900  parts  of  water  (126'6  milligrams  per 
litre).  Dalton's  number,  quoted  by  the  same  authority,  is  1  part  in 
16,000  at  the  ordinary  temperature,  or  62*5  milligrams  per  litre. 
Fresenius  {Annalen,  1846,  59,  117)  states  that  1  part  of  magnesia 
dissolves  in  55,368  parts  of  cold  or  hot  water,  this  being  equi- 
valent to  18*06  milligrams  per  litre;  Bunsen  gives  1  part  in 
100,000—200,000,  and  Bineau  {Compt.  rend.,  1855,  41,  510)  1  part 
in  50,000—100,000.  Fyfe  {loc.  cit.)  states  that  he  obtained  the 
magnesia  used  in  his  experiments  on  solubility  by  precipitating  the 
sulphate  by  an  alkaline  basic  carbonate,  washing  the  precipitate  until 
the  filtrate  gave  no  reaction  with  barium  nitrate,  and  finally  ex- 
posing the  residue  to  a  red  heat  until  all  the  carbon  dioxide  was 
expelled.  He  estimated  the  dissolved  magnesia  by  precipitation  with 
ammonium  carbonate  and  sodium  phosphate,  and  thus  found  that 
1  part  of  magnesia  dissolved  in  5142  parts  of  water  at  the  ordinary 
temperature  (iy4'5  milligrams  per  liti'e).  At  the  boiling  point,  the 
solubility  was  found  to  be  1  part  in  36,000  of  water.  A  determina- 
tion has  been  made  more  recently  by  Kohlrausch  and  Hose  {Zeit. 
physikal.  Cfiem.,  1893,  12,  241),  who  calculate  from  the  electrical 
conductivity  of  the  solution  that  1  litre  of  water  dissolves  9  milligrams 
of  Mg(OlI)j  (6-2  milligrams  of  the  oxide  per  litre). 

EXPEIUHENTAL. 

The  samples  of  magnesia  employed  in  the  experiments  described 
below  were  prepared  by  heating  the  carbonates  in  a  Heraeus  electric 
resistance-furnace  of  the  horizontal  type.     The  tube  of  the  furnace 
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was  closed  at  either  end  by  a  thick  sheet  of  asbestos,  and  the  tempera- 
ture record  was  obtained  by  means  of  a  platinum-rhodium  thermo- 
couple connected  to  a  Siemens  and  Halske  galvanometer.  The  instru- 
ment was  standardised  at  the  Physikalisch-technische  Keichsanstalt, 
Berlin.  The  forms  of  carbonate  used  wei'e  a  very  pure  magnesite 
from  Euboea,  which,  however,  could  not  be  obtained  entirely  free 
from  calcium,  and  the  purest  artificial  preparations  sold  by  Merck  aa 
"  heavy,"  "  light,"  and  "crystal"  magnesium  carbonates,  and  were 
found  to  contain  only  small  .traces  of  alkali  carbonate.  These  aub- 
stances  were  all  finely  ground  and  heated  in  an  open  platinum  boat  or 
capsule,  1  gram  being  used  in  each  experiment. 

Decomposition  of  Magnetium  CarbonaU  by  lltat. — Kxiteriments 
were  first  made  in  order  to  ascertain  the  lowest  temperature  at  which 
the  evolution  of  carbon  dioxide  from  these  cai-bonates  could  b©  recog- 
nised when  they  were  heated  under  atmospheric  pressure.  A  very 
slow  current  of  air  was  passed  over  the  heated  sample,  and  was  then 
caused  to  bubble  through  a  clear  solution  of  baryta  water  in  a  closed 
vessel.  This  develops  a  greasy-looking  film  on  ita  surface  when  a 
trace  of  carbon  dioxide  comes  into  contact  with  it,  before  the  granular 
precipitate  of  the  carbonate  makes  its  appearanc&  The  lowest  tem- 
peratures at  wliich,  in  experiments  of  20  minutes'  duration,  the  films 
were  distinctly  recognisable  were  as  follows  : 

Magnesite  405°  " Light "  caibonate    ...     352° 

"Heavy"  carbonate  ...     368  "Crystal"         „  ...     271-5 

To  determine  more  exactly  the  rate  at  which  the  carbon  dioxide  was 
evolved  at  these  low  temperatures,  samples  of  the  ground  magnesite 
were  hetited  for  20  hours  in  a  slow  current  of  dry  air  and  the  carbon 
dioxide  estimated  directly  by  absorption  in  caustic  potash,  and  in- 
directly by  ascertaining  the  loss  the  sample  had  undergone  in  weight. 
The  magnesite  used  contained  only  0*2  per  cent,  of  moisture.  The 
maximum  variation  of  temperature  recorded  was  about  3°. 

I.  II. 


Tempera- 

Period of 

Loss  of  COj 

Tempo  ra- 

Period  of 

T.o«a  of  COa 

ture. 

heatiug. 

from  1  gram. 

tui-e. 

heating. 

from  1  gram. 

850' 

20  houi-s 

0  0040  gram 

450° 

5  hours 

0-0211  gram 

390 

20     „ 

0  00S9     „ 

467 

5     „ 

0-0357     „ 

457 

20     „ 

00693     „ 

480 

5     „ 

0  0829    „ 

494 

20     „ 

0-1062    „ 

514 

5     „ 

03197     „ 

520 

20     „ 

0-4186    „ 

560 

5     „ 

0-4679     ,, 

600 

61  ,. 

0-6030    „ 

583 

5          M 

0-4706    „ 

608 

5     „ 

0-4846     „ 

*  675 

5     „ 

0-5108     „ 

1070 


0-6165 


*  This  sample,  ou  beiug  agaiu  healed  for  6  hours  at  the  same  temperature,  lost 
0*0010  gram  or  0-10  per  cent. 
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The  numbers  in  II  were  obtained  as  the  result  of  lieating  the 
maguesite  for  5  hours,  using  similar  samples. 

On  account  of  the  small  amount  of  calcium  present  in  the  uative 
magnesite,  this  was  not  regarded  as  being  suitable  for  the  determina- 
tion of  the  minimum  temperature  of  complete  expulsion  of  carbon 
dioxide,  and  for  this  purpose  recourse  was  had  to  the  artificial  carbon- 
ates. The  large  proportions  of  combined  water  in  these,  on  the  other 
hand,  made  them  less  suitable  for  the  foregoing  experiments  than  the 
native  carbonate. 

In  the  case  of  the  "  light "  and  "  crystal "  carbonates,  the  expul- 
sion is  complete  at  or  about  750°.  The  "heavy"  carbonate,  on  the 
other  hand,  retains  a  little  of  its  carbon  dioxide  at  temperatures  over 
810°.     The  following  numbers  were  obtained  in  this  connection  : 

III 


"  Heavy." 

"Crystal." 

"Light." 

Temperature. 

Loss  from  1  gram. 

Loss  from  1  gram. 

Loss  from  1  gram, 

700' 

0-5816 

— 

— 

7fiO 

— 

0-6874 

0-6013 

810 

0-5881 

0-6880 

— 

867 

0-5895 

0-6881 

0-6005 

926 

0-5920 

0-6879 

— 

948 

0-5927 

0-6879 

— 

1040 

0-5934 

0-6897 

0-6009 

These  artificial  magnesium  carbonates,  as  purchased  for  the  purpose 
of  this  investigation,  had  the  following  composition : 

IV 

"  Heavy  "  carbonate  "  Crystal "  carbonate  "  Light "  carbonate 
(Merck),                        (Merck),  (Merck), 

per  cent.  per  cent.  per  cent. 

Magnesia   40-81  31-18  39-91 

Carbon  dioxide 2175  20  08  21-16 

Water 3744  4874  38-93 

None  of  the  three  agrees  in  composition  with  the  comparatively 
simple  formuliB  assigned  in  the  text-books  to  the  basic  magnesium 
carbonates.  The  formulie  which  accord  best  with  the  foregoing  numbers 
are  as  follows : 

"Heavy"  carbonate 41MgO,20CO2,83H2O  or  otherwise 

20MgCO3,2 1  Mg(OH)2,62HjO, 

"Crystur'         „        24MgO,14C02,85H20  or 

1 4MgCO8,10Mg(OH),^,75H._.O, 

"Light"  „       3l)Mg(),19CO.^,851l20  or 

19MgCO8,20Mg(OH)2,65H2O, 

which  would  require  respectively 
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"Heavy,"  "Crystal,"  "Light," 

j>er  cent.            i>er  cent.  per  cent. 

MgO 40-86            3109  39-74 

CO2  21-92             19-77  21-29 

HjO 37-2-2            49-14  3897 

The  only  simple  formula  which  could  \)e  assigned  to  the  sample  of 
"  heavy  "  carbonate  used  would  be  MgC0y,Mg(0H).^,3H.^0,  which  would 
require  an  analytical  result:  MgO  =  40-82,  C0.^  =  2245,  HjO  =  36-73 
per  cent.  These  numbers,  whilst  sufficiently  close  to  the  experimental 
result  in  respect  of  magnesium,  show  a  considerabln  vurirttiou  from 
the  found  percentage  of  carbon  dioxide  and  water. 

It  is  still  more  difficult  to  reconcile  the  analytical  resultsi  ubiumed  for 
"  light "  and  "  crystal  "  carbonate  with  any  such  simple  formula.  For 
the  former,  the  nearest  would  be  2MgCOj,2Mg(OH)j,7H,0,  and  for  the 
latter  3MgC03,2Mg(OH),16H20,  which  would  correspond  respectively 
to  the  following  percentage  compositions  : 

"Light,"  "Oystal," 

l>er  cent.  per  cent. 

MgO 39-23  30-67 

COg   21-38  20-06 

H3O  39-39  49-27 

Neither  set  of  percentages,  however,  approaches  at  all  closely  to  the 
experimental  result.  There  seems,  therefore,  no  reason  for  doubting 
that,  iu  the  case  of  these  samples  of  carbonate  at  least,  the  molecular 
composition  was  much  more  complex  than  such  simple  formulae  would 
indicate. 

Relative  Rates  of  Solution  of  Magnesias. 

The  estimations  described  below  were  made,  not  with  a  view  to 
determining  the  final  equilibrium  between  magnesia  and  its  aqueous 
solution,  but  to  ascertain  the  relative  rates  at  which  solution  took 
place  in  the  case  of  magnesias  which  had  previously  been  exposed  to 
different  temperatures.  Two  hundred  c.c.  of  distilled  and  previously 
thoroughly  boiled  out  water  wei-e  placed  in  a  thermostat  at  20°,  and 
the  magnesia  obtained  by  heating  1  gram  of  carbonate  was  placed  in 
it.  The  mixture  was  kept  at  20°  for  2  hours  and  agitated  every  5 
minutes,  then  rapidly  filtered  twice  through  a  close-textured  filter,  and 
the  alkalinity  of  100  c.c.  of  the  filtrate  detei-mined  by  means  of  N/50 
sulphuric  acid  solution,  phenolphthalein  being  used  as  indicator.  The 
end  point  was  quite  sharp  except  in  those  cases  where  a  considerable 
amount  of  undecomposed  basic  carbonate  stUl  remained  in  the  residue 
and  partly  passed  into  solution  with  the  oxide. 
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Oxide  from  "  Heavy '^  Carbonate. — The  gram  sample  used  in  each 
experiment  was  kept  in  the  electric  furnace  for  5  hours.  The  sample 
was  introduced  in  each  case  when  the  temperature  of  the  furnace  was 
already  within  about  100  degrees  of  the  final  temperature  desired. 
It  was  allowed  to  remain  at  or  near  this  final  temperature  for  at  least 
3  hours,  repeated  trials  having  shown  that  this  period  was  more  than 
enough  to  fix  the  character  of  the  product,  at  least  with  respect  to  the 
rate  of  solution  in  water.  In  this  case,  the  rate  of  solution  was  found 
to  be  a  maximum  when  the  substance  had  been  heated  at  835 — 845°, 
and  showed  a  continuous  diminution  with  each  increment  of  tempera- 
ture up  to  1210°,  this  being  the  highest  point  at  which  it  was  found 
possible  to  maintain  the  furnace  for  a  lengthened  period.  The 
diminution  was  most  rapid  between  925°  and  1050°. 

Oxide  from  '■KCrystaV  Carbonate. — The  oxide  obtained  by  similar 
treatment  of  the  "  crystal  "  carbonate  showed  likewise  a  maximum 
rate  of  solution  after  being  maintained  at  a  temperature  of  810 — 865°. 
As  in  the  case  of  the  "  heavy  "  oxide,  the  rate  of  solution  diminished 
when  the  preparation  had  been  made  at  higher  temperatures,  but  the 
diminution  was  much  less  rapid  than  in  the  previous  case.  In  all  the 
experiments  made  at  the  temperature  of  preparation  which  gave  the 
maximum  rate  of  solution,  it  was  found  that  the  "crystal"  oxide 
invariably  dissolved  to  a  somewhat  smaller  extent  than  the  "  heavy  " 
oxide.  "When  the  temperature  of  preparation  is  950 — 1000°,  the  rates 
of  solution  are  the  same  in  the  two  cases ;  above  1000°  the  "  crystal " 
oxide  reacts  with  water  faster  than  the  other. 

Oxide  from  "  Light  "  Carbonate. — The  difference  between  the  several 
magnesias  in  respect  of  rate  of  solution  is  brought  out  still  more  clearly 
by  examination  of  the  "  light  oxide."  In  this  case,  the  maximum  rate 
of  solution  is  considerably  less  than  that  of  either  of  the  preceding 
oxides,  and  it  is  influenced  comparatively  slightly  by  increasing  the 
temi)erature  of  preparation.  The  maximum  rate  appears,  as  before,  to 
be  reacked  when  the  temperature  of  preparation  is  between  810°  and 
865°  ]  but,  on  the  other  hand,  repeated  experiments  showed  a  recur- 
rence of  the  maximum  at  temperatures  of  preparation  a  little  over 
1000''.  The  ratci  of  solution  of  the  oxide  prepared  at  1057°  was  found 
to  be  the  same  as  that  prepared  at  845°. 

The  exi)erimental  results  for  the  three  oxides  are  shown  in  tlie 
following  tables  and  curves  : 
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Bate  of  Solution  qf  Magnesia. 


Temperature  of 
preparation. 

700° 

745 

800 

810 

822 

835 

845 

865 

925 

940 

945 
1025 
1030 
1045 
1057 
1100 
1210 


Milligraou  of 

MgO  dissolved  in 

two  hours  by  one 

litre  of  water  at  20° 

"Heavy"  oxide. 

24-48 


24-60 
24-80 
25-92 
25  92 
25-20 
24-24 

22  56 
14  40 
14-40 
12-48 

9-84 
8-82 


Milligrams  of 

MgO  dissolved  in 

two  hours  by  one 

litre  of  water  at  20' 

" Crystal"  oxM 

17-28 
2S-52 
24-00 


24-48 

21  60 
20-76 
19 -»2 
18-24 


16 -M 
14-64 


Milligrams  of 

MgO  dissolved  in 

two  hours  by  one 

litre  ofwaterat  20'. 

Light "  oxide. 

16-24 
2136 
23-18 


22  08 
22-82 

21-84 
21 -«0 
23-52 
23^ 

22-08 
21-12 
20  64 


Further  experiment  showed  that  the  smaller  numbers  obtained  when 
the  oxide  was  prepared  at  higher  temjteratures  resulted  from  the  slow- 


800° 


900'  1000°  1100* 

Temperature  of  Freparatit/u. 


1200° 
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ness  with  which  the  product  reacted  with  the  water,  and  were  not  due 
to  any  permanent  dijfference  in  solubility.  Thus  the  heavy  oxide 
prepared  at  1025°  dissolved  in  2  hours  to  the  extent  of  14 '40  milli- 
grams per  litre,  and  in  4  hours  to  19-20  milligrams. 

For  the  sake  of  comparison  with  the  behaviour  of  the  oxides  obtained 
by  direct  heating  of  the  carbonates,  oxides  were  prepared  by  acting  on 
the  "heavy"  and  "light"  carbonates  with  nitric  acid,  evaporating 
to  dryness,  and  igniting  the  residues  at  810°  in  the  electric  furnace. 
A  sample  of  the  "  light  "  carbonate  was  heated  alongside  for  reference. 
The  magnesias  thus  obtained  were  carefully  ground  in  an  agate  mortar, 
and  the  rates  of  solution  determined  in  2  hours  at  20°.  They  were 
found  to  be  8*19  and  9*12  for  the  "nitrate"  oxides  as  against  23 '18 
for  that  obtained  by  direct  heating  of  the  carbonate. 

The  salient  features  which  these  numbers  present  is  the  progressive 
change  in  the  rate  of  solution  of  the  specimens  of  magnesia  examined 
as  these  were  prepared  at  successively  higher  temperatures.  The 
meaning  to  be  attached  to  the  differences  of  solubility  in  the  three 
specimens  when  formed  from  the  carbonates  at  the  same  temperature 
is  at  least  open  to  question,  since  in  dealing  with  them  the  error  due 
to  the  very  minute  traces  of  alkaline  impurity  cannot  be  left  out  of 
account.  But  no  such  doubt  arises  in  considering  the  diminution  in 
the  rate  of  solution  of  the  specimens  of  magnesia  prepared  from  the 
same  carbonate  at  higher  temperatures.  Experiment  shows  that  the 
loss  of  weight  does  not  amount  to  1  milligram  per  gram  weight  of 
substance  in  heating  through  a  range  of  300°,  yet  the  amount  which 
dissolves  in  a  given  time  after  heating  shows  a  decrease  of  as  much  as 
40 — 60  per  cent.  The  only  possible  explanation  of  the  result  is  a 
change  in  the  character  of  the  magnesia  molecule  itself,  and  the  pre- 
sumption is  that  the  change  is  due  to  polymerisation.  Magnesia, 
prepared  by  ignition  of  the  carbonate  at  the  minimum  temperature, 
may  be  sui)posed  to  have  a  formula  (MgO),i,  where  w  is  a  comparatively 
small  numeral,  whilst  at  higher  temperatures  its  real  formula  would  be 
a  multiple  of  this.  The  hydration  process  which  determines  the  rate 
of  solution  would  then  be  represented  by  the  equation  : 

(MgO)„   +   n(H-OIl)    =   «(Mg<[^g) 
in  the  one  case,  and  by 

(MgO),„„    +   mn(il-Oll)    -    >/*/// Mg<^g) 

in  the  others.  The  work  carried  out  within  the  scope  of  the  present 
investigation  does  not  permit  of  any  more  dolinite  statement  than  this, 
although  the  differences  that  exist  in  the  characters  of  the  oxides 
prei)ared  from  different  sources  -carbonates,  nitrate,  and  oxalate — 
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favour  the  assumption  that  the  molecules  of  magnesia  obtained  from 
these  under  the  same  conditions  of  temperature  are  probably  not  of  the 
same  size. 

Sumviary. — (1)  The  basic  carbonates  of  magnesium  are  subetances 
of  high  molecular  weight.  The  samples  studied  in  the  present 
investigation  are  represented  by  the  following  formulae  : 

20MgCO3,2 1  Mg(OH).„62H20, 
14MgCO3,10Mg(UH)j,75U,O, 
19MgCO3,20Mg(OH)j,65H^O, 

or  by  multij)le8  of  these. 

(2)  These  carbonates  are  decompoaed  completely  into  oxide  when 
heated  in  an  o{)en  vessel  at  750*^  in  the  case  of  the  "  light "  and 
"crystal"  carbonates,  but  not  until  810°,  at  least,  is  reached  in  the 
case  of  the  "  heavy  "  carbonate. 

fB)  The  oxides  prepared  by  heating  that  first  obtained  to  different 
temperatures  dissolve  in  water  at  different  rates,  the  rate  of  solution 
being  diminished  as  the  temperature  of  preparatitm  is  increased  ;  on 
the  other  hand,  the  extent  of  this  diminution  is  not  the  same  for 
oxides  obtained  from  different  sources.  It  is  greatest  in  the  case  of 
the  oxide  obtained  from  "  heavy "  carbonate,  less  marked  in  the 
product  from  "  crystal "  carbonate,  and  scarcely  appreciable  in  that 
from  "  light  "  carbonate. 

The  cost  of  the  apparatus  used  in  this  investigation  was  partly 
defrayed  by  a  grant  from  the  Research  Fund  at  the  disposal  of  the 
Carnegie  Trustees,  to  whom  I  desire  to  express  my  thanks. 

Chemical  Depaktment, 

University  or  Glasgow. 


XXXII. — The  Latent  Heat  of  Evaporation  of  Benzene 
and  some  other  Compounds. 

By  James  Campbell  6rown,  D.Sc. 

In  a  previous  paper  (Trans.,  1903,  83,  987),  the  latent  heat  of  benzene, 
as  determined  by  the  method  therein  detailed,  was  not  recorded 
because  the  results  obtained,  although  concordant  in  different  ex- 
periments and  with  different  samples,  were  far  from  agreeing  with  the 
numbers  obtained  by  certain  other  observers,  Griffith  and  Marshall,  94*4 
{Phil.  Mag.,  1896,  41,  1),  Schiff,  935  {Annalm,  1886,  234,  344). 
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The  author's  data  nearly  agreed  with  Jahn's  determination,  namely, 
107-6  {Zeit.  Physikal.  Chem.,  1893,  11,  290),  but  this  number  is 
calculated  at  0°. 

Benzene  labelled  pure  was  redistilled  from  phosphoric  oxide  and 
the  portion  boiling  at  80*5°  taken. 

Ampere.  Volts. 

3  cells  with  2  ohms  resistance        giving    0'679  4*36  i  =  106-5 

3     ,,        ,,    no                ,,                     ,,         0-7754  4-92  X  =  106-l 

3     ,,       ,,    4  ohms        ,,                     ,,         0-552  3-53  i  =  1061 

Another  sample  boiling  at  80*2°  was  taken, 

3  cells  with  4  ohms  resistance        giving    0-535  3-43  Z  =  105-9 

(and  with  a  larger  quantity  of  benzene)  Z  =  106-0 

3  cells  with  3  ohms  resistance        giving    0-59  3-77  i  =  106-7 

3     „                     „                                „          0-58  3-74  i=rl06'2 

A  third  sample  boiling  at  79*8°  under  752  mm,  pressure  Wag 
taken. 

i:=io6-o 

i  =  106-l 
i/  =  106  0 


3  cells  with  no  resistance 

giving    0-8525 

4-885 

4    „ 

1167 

6-85 

5    >»          i»            >» 

1-428 

8-52 

Average  of  1 0  experiments i  =  106-15 

It  was  found  that  in  these  three  series  of  experiments  tlie  benzene 
used  was  not  absolutely  free  from  thiophen,  and  there  may  presumably 
have  been  traces  of  other  impurities.  Another  sample  of  benzene 
crystals  free  from  thiophen  was  specially  prepared  by  Kahlbaum,  and 
was  again  dried  over  phosphoric  oxide  immediately  beforehand  and 
redistilled  ;  the  portion  taken  boiled  at  80-2°/759  mm.,  and  was  pure 
dry  benzene.  The  flask  of  benzene  was  heated  in  a  water-bath  at 
100°,  the  whole  globe  being  first  immersed  in  the  water  of  the  bath, 
and  as  soon  as  benzene  vapour  filled  the  jacket  of  the  apparatus  the 
flask  was  raised  so  that  only  about  one-sixth  of  its  diameter  dipped 
in  the  water.  There  was  always  some  difficulty  in  getting  benzene 
and  its  homologues  to  boil  in  the  tube  when  the  current  was  turned 
on  through  the  spiral,  and  it  was  necessary  to  coat  the  spiral  of 
platinum  wire  with  platinum  black,  and  also  to  introduce  small  pieces 
of  capillary  tubing.  The  capillary  tubing  was  afterwards  omitted, 
and  the  spiral  was  wound  on  cross  plates  of  mica,  which  served  the 
double  purpose  of  steadying  the  spiral  and  of  assisting  the  discharge 
of  va|X)ur  from  the  heated  benzene. 
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Latent  Heats  of  Pure  Benzene. 

Amperes.    Volts.  Evaporating 

3  cells  with  no     resistance    giving  0885         518         L  =  9508         6  904  granis 

4  ,,       ,.     1  ohm       ,,               ,,       1014         5-93         Z  =  94-91         9124      ,, 
4     ,,       „     no  ..  ,,        1174         6  92         Z  =  94-82  12-341       .. 


Mean  Z  =  94-93    (Schiff.  93-5) 

ML         „    ^„     ML 

-jr   -    20-92;   -j-   =    18-1. 

It  seems  probable  that  Griffith  used  pure  benzene  and  obtained 
the  correct  numV)er,  whereas  Jahn  did  not  use  the  absolutely  pure 
substsmce. 

Kahlbaum's  pure  toluene  was  dried  over  phosphoric  oxide  and 
fractionated  ;  the  portion  boiling  at  110'8°  was  employed.  There  was 
a  similar  ditliculty  in  boiling  the  toluene  in  the  spiral  tube. 

AmiH-res.    Volts.  Evaporating 

3  cells  with  no    resistance    giving  0-8748      5-223      Z  =  87'56        7*51    grams 

4  „       ,,1  ohm       .,  ,,       0-9956       602        £  =  8744        9  872      „ 
4     „       „     no             ,.  1117         6-883       £  =  8728       12683      „ 

Mean A  ^.s7-43     f Schiff,  83-61 

ML  ML 

^        -    20  91;       -^      =    lo-5... 


ChXylene. 

Kahlbaum's  purest  o-xylene  was  dried  over  phosphoric  oxide  and 
fractionated  ;  the  greater  portion  boiled  at  144*4°/760  mm.  This 
sample  was  taken,  although  Beilstein  gives  the  boiling  point  as  141*9°. 
The  globe  of  the  daak  was  heated  in  a  paraffin- bath. 

Ampere.  Volts.  Evaporating 

3  cells  with  2  ohms  resistance    ginng  0  605  3*28  Z  =  82-42  3  467  grams 

3  ,,       „     no                „                „       0-792  4-31  £  =  82-5  5958      „ 

4  ,,       „     no                ,,                „       0-875  4  75  Z,  =  82-48  7  256      ,, 


Mean £  =  8247 

ML  ML 

yjT    =    20-91;  -^-     =    13-83. 
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xxx-Xylene, 

Kahlbaum's  purest,  boiling  at  139-2°. 

Ampere.  Volts.  Evaporating 

3  cells  with  2  ohms  resistance    giving  0-53  3-5  i  =  81-29  3-886  c^rams 

3  »       .,     no                „                „       0-655  4-4  Z  =  81-35  5-103*,, 

4  ..       »     no                „                 „        0-745       5-22  Z  =  81-38  6-881      „ 

Mean Z  =  81-34    (Schiff,  78-3) 

ML  ML 

-TjT   =    20-88;      -^     =    13-92. 

"^-Xylene. 

Kahlbaum's  purest,  boiling  at   138-2°, 

Amperes.  Volts.  Evaporating 

3  cells  with  2  ohms  resistance    giving  0-5975  3-78  i  =  80-95  4-019  f^rams 

3  ..       >.     no  ,,  ,,       0-765  4-82  i  =  80  98  6-557*,, 

4  »       M     no  „  „       1-0606  6-72  Z  =  81-02  12668      „ 

Mean i  =  80-98 

^^         «...    ^L 

-^   =   20-84;-^    =    13  89. 

Mesitylene. 

Kahlbaum's  purest,  boiling  at  165°. 

Amperes.  Volts.  Evaporating 

3  cells  with  2  ohms  resistance    giving  0-589      3-72  Z  =  74-4  4-24    grams 

3  ..       M     no                ,,                ,,       0-744       4-84  Z  =  74-39  6972      ,, 

4  .'       "     no                ,,                ,,       1-041       6-68  Z/  =  74-46  13-452      ,, 

Moan Z  =  74-42    (Schiff,  7r7) 

-^    =    20-35;    -J     =    13-92. 


Cymeiie. 

Kahlbaum's  purest,  boiling  at  176'5°. 

Ampero.  Volts.  Evaporating 

8  colU  with  2  ohms  roHistanco    giving  0  676      3-9  Z  =  67-66  4-782  grams 

3  M       M     no  „  ,,       0-7606     6-05  Z,  =  67-61  8164      ,, 

4  ..       ..1  ol'm  ,,  ,,       0-019       6-24  Z=:67-66  12-207      „ 

Mean />  =  07-64     (Schiff,  66-3) 

J,     =   20-13;   ^     ^    i;;-9. 
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Oumene  was  not  obtainable  of  sufficient  purity  to  warrant  an 
investigation  of  its  latent  heat. 

The  following  are  additions  to  the  list  of  alcohols  on  p.  9yi  and  of 
esters  on  p.  994  (Trans.,  1903,  83).  Both  were  dried  over  anhydrous 
sodium  sulphate  and  redistilled. 

B.  p.  Latent  heat.    Mean.      MLIT. 

101-8— 102-2°       tor^.-Ainylalcohol {mT}       ^^^"'^        *^"^ 

155-5—166-2        Propyl  wovalerate  {  el'ss}         ^^'^"^        2^** 

Cheuical  Defabtmkmt, 

Thb  University  of  Livbrpool. 


XXXIII. — The  Constitution  of  Phenylmethylacndol. 

By    James    Johnston    Dobbik,    D.Sc.,    F.R.S.,    and 
Charles  Kenneth  Tinkler. 

Evidence  has  been  adduced  to  show  that  when  cotarnine  and  hydrastinine 
are  precipitated  from  an  a(jueou8  solution  of  their  salts,  the  ammonium 
base  which  is  probably  at  first  formed  immediately  changes  into  a 
carbinol,  or,  in  other  words,  the  hydroxyl  group  is  transferred  from 
the  nitrogen  atom  to  an  adjacent  carbon  atom, 

-CH:^(CH3)X  ^  -CH(OH).N.CH, 

-OHj-CH,  -CHj-CH, 

(Trans.,  1903,  83,  598;  1904,  86,  1005). 

It  has  long  been  known  that  on  treating  phenylacridine  methiodide 
with  an  alkali,  a  substance  is  produced  in  which  the  iodine  atom  is 
replaced  by  a  hydroxyl  group,  and  it  was  at  first  supposed  that  this 
replacement  takes  place  without  any  structural  change,  as  represented 
by  the  following  equation  : 

CeH,<V^^!^C,H,  +  MOH  ==  MI  +  C,H,<?^^«"'Vc,H.. 

CHj      I  CH,      OH 

Hantzsch  {Ber.,  1899,  32,  575),  however,  from  the  results  of  conduc- 
tivity experiments,  came  to  the  conclusion  that  the  substance  produced 
is  in  reality  a  carbinol,  a  change  of  structure  occurring  at  the  moment 
of  precipitation 


C  H  <C(CeH,XOH)^ 
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If  this  view  is  correct,  the  phenomena  are  closely  parallel  to  those 
exhibited  by  cotarnine  and  hydrastinine.  An  examination  of  phenyl- 
acridine  methiodide  and  of  the  substance  obtained  from  it  by  precipi- 
tation with  alkali  was  therefore  undertaken  to  ascertain  whether  the 
spectra  of  their  solutions  show  differences  coi'responding  to  those 
exhibited  by  the  spectra  of  cotarnine  and  hydrastinine  salts  and  their 
corresponding  derivatives. 

Phenylacridine  methiodide  is  a  dark  substance  which  gives  a  yellow 
fluorescent  solution  with  alcohol  or  water.     On  the  addition  of  an 


Fig.  1. 


Fig.  2. 
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Dihydrophenylacridine. 


alkali  to  these  solutions,  the  colour  and  fluorescence  entirely  disappear, 
and  in  the  aqueous  solution  a  wliite  precipitate  is  slowly  formed.  This 
precipitate,  after  recrystallisation  from  ether,  melts  at  140°.  Its 
solution  in  ether  or  chloroform  i^  colourless  ;  its  solution  in  alcohol, 
on  the  other  hand,  is  yellow  and  fluorescent,  the  colour  becoming 
deeper  as  the  quantity  of  alcohol  is  increased.  This  substance  is  quite 
inHoIuble  in  water,  but,  apart  from  this,  its  analogy  with  cotarnine 
and  hydrastinine  obtained  by  precipitation  from  tlioir  salts  is  corn-, 
plate. 
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The  spectra  of  its  ethereal  and  chloroform  solutions  agree  perfectly, 
but  are  quite  distinct  from  those  of  the  original  salt,  as  well  as  from 
those  of  the  alcoholic  solution  (Figs.  1,  3,  and  4). 

In  the  cases  of  cotarnine  and  hydi-astinine,  evidence  in  support  of 
the  carbinol  formula  for  the  solid  substances  was  obtained  from  a  study 
of  the  spectra  of  hydrocotarnine  and  hydrohydrastinine  respectively. 
Similar  evidence  for  the  carbinol  formula  exists  in  the  case  of  the 
substance  now  under  discussion,  which  in  ethereal  or  chloroform  solu- 

Fio.  3. 
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Phenylmethylacridol  tn  50  per  cent,  methyl  alcohol. 

The  curV'  of  a  mixture  of  75  per  cent,  of  dihydrophenylacridine  and  25  per  cent,  of 

phenylacridine  meihiodide  is  practically  identical  tnth  this. 

tion  gives  spectra  that  are  practically  identical  with  those  of  dihydro- 
phenylacridine (Fig.  2),  a  colourless  substance  represented  by  the 
formula 

^6^4^ NH ^'-^«^4- 


-NH- 

The  close  resemblance  between  the  spectra  of  the  two  substances  is 
only  explicable  on  the  view  that  the  structure  of  the  substance  pre- 
cipitated by  alkali  from  phenylacridine  methiodide  is,  as  representetl 
by  the  carbinol  formula,   closely  related   to  that  of   dihydrophenyl- 

U   2 
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acridine,    and   that   the   substance  is   rightly   named    phenylmethyl- 
acridol. 

In  view  of  the  results  obtained  with  cotarnine  and  hydrastinine,  it 
seemed  to  us  probable  that  the  alcoholic  solutions  of  phenylmethyl- 
acridol  are  really  mixtures  of  the  carbinol  and  ammonium  forms,  and 
we  found  that  by  mixing  dihydrophenylacridine  and  phenylacridine 
methiodide  in  various  proportions,  the  spectra  of  the  alcoholic  solutions 
could  be  exactly  reprodviced.     It  appeared  from  the  comparison  that 

Fig.  *. 
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the  larger  the  amount  of  alcohol  used  for  solution,  the  greater  was  the 
proportion  of  the  ammonium  base  i)rosent. 

A  solution  in  methyl  alcohol  contains  a  larger  proportion  of  the 
ammonium  baKO  form  than  an  equivalent  solution  in  ethyl  alcohol, 
By  the  addition  of  water  to  the  alcoholic  solution,  the  proportion  of 
the  nmmonium  base  form  is  increased.  A  50  per  cent,  methyl-alcoholic 
solution  (1  railligram-mol.  in  2000  c.c.)  was  found  to  contain  approxi- 
mately iJ5  per  cent,  of  aniinoniuin  form  and  75  percent,  of  carbinol  form 
(Fig.  3),  whilst  in  a  40  percent,  mothyl-alcoholic  solution  (1  milligram- 
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mol.  in  5000  c.c.)  the  whole  of  the  substance  appeared  to  be  present 
in  the  ammonium  form. 

Heating  also  favours  the  production  of  the  ammonium  base  foi-m,  as 
in  the  case  of  cotarniue  and  hydrastinine.  The  reverse  change  takes 
place  on  the  addition  of  a  soluble  base  to  the  alcoholic  solutions;  the 
colour  and  fluorescence  are  both  discharged,  and  the  spectra  agree  with 
those  of  the  other  colourless  solutions. 

Since  the  carbinol  form  is  insoluble  in  water  and  cannot  be  changed 
into  the  ammonium  form  directly  under  the  influence  of  water  alone, 
it  is  not  possible  to  compare  the  spectra  of  aqueous  solutions  of  the 
base  with  those  of  the  salts,  as  was  done  in  the  case  of  cotarnine. 

Thk  Royal  ScorrisH  Muski'm, 

EUINBUKOH. 


XXXI V. — The  Ultra-violet  Absorption  Spectra  of  certain 
Diazo-compounds  in  Relation  to  their  Constitution. 

By  James  Johnston  Dobbib,  D.Sc.,  F.R.S.,  and  Cuables  Kenneth 

Tinkler. 

With  the  discovery  of  the  first  case  of  isomerism  in  the  diazo- 
group  by  Schraube  and  Schmidt  in  1894,  a  controversy  arose  as  to 
whether  the  phenomena  are  to  be  attributed  to  differences  in  structure 
or  to  diii'erences  in  the  arrangement  of  the  atoms  in  space. 

Bamberger,  from  a  consideration  of  its  purely  chemical  reactions, 
attributed  to  the  pota8sium  wobenzenediazotate  of  Schraube  and 
Schmidt  the  structure  of  a  phenyluitrosoamine,  CjHj'NK'NO. 
Hantzsch,  on  the  other  hand,  advanced  the  view  that  it  is  structurally 
identical  with  the  less  stable  diazotate,  and  that  the  two  substances 
are  related  to  one  another  in  the  same  way  as  the  <y/t-  and  a/UZ-modi- 
fications  of  the  oximes,  the  unstable  compound  being  regarded  as 
the  syn-,  the  stable  as  the  ««/t-form  : 


C„H.-N 


^6  "5 


It 


C.H,.N 


KO-N  iJ-OK' 

syti.  arUi. 

This  view  received  support,  in  Hantzsch's  opinion,  from  the 
discovery  of  two  series  of  diazosulphonates,  the  one  including  unstable 
substances,  the  other  stable  isomerides,  formed  from  the  first  by  re- 
arrangement, and  closely  analogous  to  potassium  ^«obenzenediazo- 
tate.       Hantzsch  obtained,    later,   isomeric    diazocyanides    which    he 
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classed  as  syvr  and  anii-modifications,  the  former  being  stable,  the 
latter  unstable  substances.  In  all  these  cases,  the  unstable  forms 
readily  combine  with  ^-naphthol  to  foi^m  dyes. 

The  two  forms  of  benzaldoximes  were  shown  by  Hartley  and 
Dobbie  (Trans.,  1900,  77,  509)  to  give  identical  absorption  curves. 
Other  substances  similarly  related  have  since  been  examined,  and  it 
has  been  found  in  all  such  cases  that  the  spectra  are  identical,  or  agree 
more  closely  than  those  of  any  isomeric  substances  hitherto  examined 

which  differ   in  structure.     It 
Fio.  1.  appeared    therefore    that    the 

spectroscopic  method  of  in- 
vestigation might  be  applied 
with  advantage  to  the  diazo- 
compounds,  since  if  the  isomer- 
ides  which  have  formed  the 
subject  of  the  above-mentioned 
controversy  differ  only  in  the 
same  way  as  the  syn-  and  anti- 
modifications  of  the  oximes, 
they  should  give  identical  or 
nearly  identical  ultra-violet 
absorption  spectra,  but  distinct 
spectra  if  they  differ  structur- 
ally. 

This  paper  contains  an  ac- 
count of  the  results  which  we 
have  obtained  by  the  examina- 
tion of  examples  from  the 
following  groups  :  1,  isomeric 
diazosulphonates  ;  2,  isomeric 
diazocyanides  ;  3,  isomeric  di- 
azotates. 

As  examples  of  the  first 
group,  we  selected  the  potjxss- 
ium  salts.  The  less  stable  of 
these  substances  was  obtained 
by  Hantzsch  us  a  roddiKh-yc-llow,  cryHtallino  precipitate  by  adding 
beozonediazotiiitm  nitrate  to  an  alkaline  solution  of  potassiuui  sulphite 
{Btr.^  1894,  27,  1726).  This  substance  dissolves  easily  in  water  to  a 
dark  yellow  solution  which  gradually  becomes  lighter  in  colour  and 
do[)08itH  granular  crystals  of  the  more  stable  isornoric  salt.  The  solu- 
tion of  the  loss  stable  and  more  8olul)lo  salt  is  easily  distinguished 
from  the  other,  not  only  by  its  darker  colour,  but  by  the  fact  that 
it  gives  an   intense   coloration    with   /7-naphthol.      Both  substances 
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were  examined  immediately  after  solution,  and  were  found  to  give 
spectra  agreeing  so  closely  that  the  absorption  curves  (Fig.  1)  coincide, 
as  was  to  be  expected  if  the  substances  are  related  to  one  another  in 
the  manner  indicated  in  the  following  formulee  : 


6      5,1 

SOaK-N 


C.H, 


1. 


SO3K 


In  the  second  group,  we  examined  the  diazocyanides  obtained 
respectively  from  />anitiidine  and  //-chloroauiline. 

The  less  stable  diazocyauide  (m.  p,  50 — 51°)  from  />-anisidine  was 
obtained  in  accordance  with  the  directions  given  by  Hantzsch  {Ber., 
1900,  33,  2161)  and  converted  into  the  stable  modification  (m.    p. 


Fio.  2. 


^ 


'^    mm. 
"        10 


>    t    *    *    •    •    7    *    •■Hi     I     1    «    •    a    r    a    a^Wi     «    *  -f 

y.-^ 

^Ji^ 

P^E=E=^^^|E::SE:::== 

r  ^^=j^^'i'""imr^ 

i>  CHs*0-C«H/N,-CN. 

ayn-Campound 

hJxti-Compound  

T/u  txeo  curves  coincide  where  only  one  liru  is  skoum. 


121 — 122°)  by  allowing  it  to  remain  until  it  had  lost  the  power  of 
reacting  with  /3-naphthol. 

The  spectra  of  these  two  substances,  whilst  not  absolutely 
identical,  agree  very  closely,  as  will  be  seen  by  reference  to  their 
curves  (Fig.  2). 

Similar  results  were  obtained  with  the  diazocyanides  derived  from 
/>-chloroaniline  [Ber.,  1895,  28,  666),  the  agreement  between  their 
spectra  (Fig.  3)  being  also  remarkably  close,  having  regard  to  the 
gi'eat  difficulty  of  obtaining  the  more  fusible,  unstable  form  (m.  p.  29°) 
in  a  pure  condition.  It  will  be  readily  understood  that  in  dealing 
with  unstable  substances  such  as  the  diazo-compounds,  the  perfect 
agreement  which  is  obtained  in  the  case  of  the  more  stable  isomeric 
svfbstances  is  not  to  be  expected.     The  agreement,  however,  is  so  close 
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in  the  cases  examined  as  to  preclude  the  possibility  of  any  structural 
difference,  such  as  is  here  in  question. 

There  is  evidence  of  the  existence  of  a  third  modification  of  the 
diazo -compounds  from  jo-anisidine.  By  treating  the  anti-cysmide, 
■which  is  a  highly  coloured  substance,  with  water,  Hantzsch  (/oc.  cit.) 
obtained  a  practically  colourless  solution  containing  a  compound 
which,  both  from  the  fact  that  it  is  a  good  electrolyte  and  that  it  is 
devoid  of  colour,  he  regards  as  a  true  diazonium  cyanide. 

III 
N 

The  spectra  of  this  solution  are  entirely  different  from  those  of  the 
81/n-  and  anti-iorms,  and  show  at  all  events  that  we  have  in  this 
case  a  substance  differing  structurally  from  these  modifications. 

Fig.  3. 
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The  two  curves  coincide  cohere  only  one  line  is  shown. 

In  the  third  group  of  substances,  we  examined,  besides  the  two 
potassium  compounds  obtained  from  benzonediazonium  chloride  by 
the  action  of  caustic  potash,  the  potassium  and  sodium  derivatives  of 
diazobonzencsulphonic  acid. 

Tlio  less  8tal)le  potassium  benzenediazotate  is  difficult  to  prepare  in 
anything  ap{)roaching  a  pure  state.  Wo  iittoniptod  the  preparation 
by  the  method  given  by  JJaiiiborgor  *  {Her.,  180G,  29,  401),  but  the 
product  invariably  contained  a  considerable  admixture  of  inorganic 
potasKium  salts.  We  were,  however,  able  to  determine  the  proportion  of 

•  Aooordiog  to  Itaniborgor  {loc,  cit.),  the  cojniwuml  prcpiiied  and  aimlyscd  by 
QrieM  WM  really  tho  more  stablo  of  tho  iuomoridoH. 
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ths  diazo-compound  present  in  the  mixture  by  estimating  the  amount 
of  diazonium  chloride  which  it  yielded  when  treated  with  hydrochloric 
acid.  This  was  done  by  comparing  the  spectra  of  the  solution  of  a 
weighed  quantity  of  the  mixture  with  those  of  a  solution  of  benzene- 
diazonium  chloride  of  known  strength.  The  isomeric  potassium  com- 
pound of  Schraube  and  Schmidt  (Ber.,  1894,  27,  514)  was  prepared 
by  the  method  given  by  the  discoverers.  In  this  case,  the  substance 
is  easily  obtained  in  the  pure  condition.     It  differs  from  its  isomeride 
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in  not  giving  a  coloration  with  ^-naphthol.  Its  spectra  are  also  quite 
distinct,  differing  from  those  of  the  less  stable  compound  in  showing  an 
absorption  band  and  a  greater  amount  of  general  absorption  (Fig.  4) 
These  two  compounds  therefore  appear  to  be  structui-al  isomerides, 
and  not  syii-  and  a/i<t- modifications,  as  Hantzsch  supposes.  It  is 
possible  that  the  less  stable  compound  may  be  a  syn-ioTui,  since  it  gives 
an  azo-derivative  with  y8-naphthol,  but  for  the  reason  just  stated  the 
tfio-compound  cannot  be  the  corresponding  an^ t-modification.  It 
might,  however,  possess  the  structure  of  a  nitrosoamine.     In  this  case, 
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its  spectra  would  agree  closely  with  those  of  phenylmethylnitrosoamine 
CqH5'N(CH3)*NO,  from  which  it  would  only  differ  in  composition  in 
having  an  atom  of  potassium  in  place  of  the  methyl  group.  A  compari- 
son of  the  spectra  of  the  two  compounds  shows  practically  complete 
agreement;  (Figs.  4  and  5),  and  points  to  the  formula  CgH^'NK'NO 
as  the  correct  one  for  the  more  stable  diazotate. 

Evidence  of  a  third  modification  of  potassium  benzenediazotate  was 
obtained  by  the  study  of  a  very  dilute  aqueous  solution  of  the  less 


Fig.  5. 
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stable  compound.  The  spectra  of  such  a  solution  agree  closely  with 
those  of  benzenediazonium  chloride  of  the  same  strength,  which  would 
appear  to  indicate  tliat  the  original  compound  changes  under  the 
influonce  of  water  into  a  true  dinzoiiiuui  compound  : 


^VHs 


■i;l- 


That  some  change  takes  place  in  the  course  of  the  dilution  is  shown 
by  the  fact  that  the  8|H)ctrum  of  a  layer  25  mm.  thick  of  a  .'■olution  of 
the  less  stable  compound  containing  1  milligram-molecule  in  GOO  c.c. 
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of  water  is  different  from  that  of  a  layer  5  mm.  thick  of  a  solution  con- 
taining 1  milligram-molecule  in  100  c.c. 

It  thus  appears  from  the  spectroscopic  examination  that  there  are 
three  isomeric  modifications  of  the  compound  CjHj'Nj'OK,  and  if 
the  normal  compound  is  coriectly  identified  as  a  *-y/*-modification,  the 
corresponding  anti-form  remains  to  be  discovered. 

We  have  also  examined  the  potassium  and  sodium  compounds 
obtained  from  diazotised  sulphanilic  acid  by  the  action  of  caustic  alkali 
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(Ber.,  1895,  28,  2002).  These  substances  differ  from  those  just 
described  only  in  possessing  the  group  SO3M  in  the  nucleus,  and,  as 
was  to  be  expected,  the  spectra  of  the  isomeric  substances  (Fig.  6) 
are  related  in  the  same  way  as  those  of  the  preceding  compounds. 
In  this  instance,  the  examination  presents  no  special  difficulties,  as 
both  forms  can  easily  be  obtained  in  the  pure  condition. 

The  purity  of  the  salts  was  ascertained  in  this  case  by  comparing 
the  spectra  of  their  solutions  acidified  with  hydrochloric  acid  with 
those  of  a  corresponding  solution  of  the  acid  obtained  by  adding  water 
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to  the  anhydride,  CgH^^C^g  2  ^      -pj^g  spectra  of  all   three  solutions 

showed  complete  agreement. 

The   general   result   of    our   investigations    has   been    to    confirm 
Hantzsch's  conclusions,  except  as  regards  the  diazotates. 

The  Royal  Scottish  Museum, 
Edinburgh. 


XXXV. — Action  of  Hydrogen  Peroxide  on  Carhohydrates 
in  the  Presence  of  Ferrous  Sulphate.     Part  V. 

By  Robert  SelbyTVIorrell  and  Albert  Ernest  Bellars. 

In  this  communication,  attempts  have  been  made  to  trace  the  dis- 
appearance of  different  sugars  during  their  oxidation  by  observing  the 
diminution  in  the  rotation  angle,  and  from  the  determination  of  the 
initial  and  final  reducing  powers  of  the  solutions,  as  well  as  their 
acidities,  to  obtain  a  fuller  knowledge  of  the  many  oxidation  stages 
which  occur.  The  results  of  the  change  in  the  optical  activity  show 
that  during  successive  additions  of  hydrogen  peroxide  up  to  1  gram- 
molecule  for  the  same  weight  of  carbohydrate  the  diminution  in  angle 
is  proportional  to  the  amount  of  oxidising  agent  added.  The  relative 
decrease  in  the  angle  depends  on  the  sugar  oxidised  ;  galactose  shows 
a  greater  diminution  than  glucose  or  fructose,  maltose  less  than  sucrose, 
which,  in  turn,  has  a  smaller  decrease  in  angle  than  lactose.  In  the 
case  of  arabinose,  it  would  appear  as  if  only  50  per  cent,  of  the  sugar 
were  acted  on  by  1  gram-molecule  of  peroxide.  Rhamnose,  originally 
dextrorotatory,  becomes  Isevorotatoi y  on  oxidation,  and  the  rotation 
is  practically  constant  after  2  gram-atoms  of  oxygen  have  been  added. 
This  Iffivorotation  appears  to  be  due  to  the  presence  of  a  Icevorotatory 
keto-acid.  The  high  values  of  the  final  reducing  powers  must  be  due 
to  the  strong  reducing  powers  of  keto-acids  and  osoi  es  formed  in  the 
oxidation.  The  acidities  of  the  solutions  after  oxidat  on  are  not 
large,  and  are  inHullicient  to  account  oven  for  tho  complete  formation 
of  one  moDobasic  hoxose  acid. 

The  smaller  the  yield  of  osazone  pro(;ipitatod  by  phonylhydra/ino  in 
the  cold,  the  greater  is  the  acidity  of  tho  solution.  Attempts  were 
niHde  in  the  case  of  arabinose  and  rluunnoso  to  isolate  the  acids  formed 
during  tho  oxidation.  The  simpler  acids,  formic  and  oxalic,  were  easily 
detected,  but  tho  more  important  koto-acids  which  wore  expected 
could  not  be  isolated,  although  qualitative  experiments  seem  to  leave 
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little  doubt  of  their  presence.  Whether  these  contain  the  sumt-  or  a 
smaller  number  of  carbon  atoms  than  the  parent  sugar  it  is  impossible 
to  say. 

The  method  of  E.  Fischer  and  E.  F.  Armstrong  (5«r.,  1902,  35, 
3141)  has  been  applied  to  the  formation  of  arabinosone  from  arabinose, 
rhamnosone  from  rhamnose,  and,  by  using  o-nitrobenzaldehyde,  glucos- 
azone  and  rhamnosazone  may  be  made  to  yield  the  corres}K)nding 
osones. 

Autoxidation  experiments  have  been  performed  with  ln'iiztildehyde 
as  inductor,  whereby  the  oxidations  of  glucose  and  fructo-e  to  glucosone 
in  the  presence  of  ferrous  sulphate  have  been  slightly  accelerated,  but 
the  yields  of  osones  were  very  poor. 

Radium  emanations  were  found  to  have  no  influence  on  the  oxida- 
tion of  carbohydrates.  The  small  changes  in  optical  activity  were 
found  to  be  due  to  alteration  in  concenti-ation  of  the  sugar  solutions. 
When  the  conditions  were  ari'anged  so  that  change  in  the  concentra- 
tion of  the  solution  became  impossible,  the  optical  activity  remained 
constant. 

Experimental. 

l^he  Change  in  Optical  Activity  of  Sugar  Solutions  during  Oxidation 
by  Hydrogen  Peroxide  in  the  Presence  of  Ferrous  Sulphate. 

Twenty  per  cent,  sugar  solutions  containing  1  per  cent,  of  crystal- 
lised ferrous  sulphate  were  treated  with  20  volume  hydrogen  per- 
oxide, and,  after  the  addition  of  each  one-tenth  of  a  gram-atom  of 
oxygen,  the  optical  activity  of  the  solutions  was  observed.  It  was 
found  in  the  case  of  the  hexoses  that  the  diminution  in  angle  was 
nearly  proportional  to  the  amount  of  hydrogen  peroxide  added.  Glu- 
cose, fructose,  and  galactose  were  the  hexoses  examined,  and  it  will  be 
seen  from  the  curve  (Fig.  1)  that  the  decrease  in  angle  of  the  two 
former  sugars  is  practically  the  same,  whereas  for  galactoee  the  dimi- 
nution in  the  optical  activity  is  much  greater.  The  changes  in  the 
activity  of  arabinose  and  rhamnose  solutions  were  observed,  and  it 
was  found  that  the  curve  for  arabinose  lies  between  that  of  glucose 
and  galactose,  whilst  a  similar  curve  for  rhamnose  shows  a  change 
from  a  dextrorotatory  to  a  Isevorotatory  power. 

In  the  bioses,  the  diminution  in  optical  activity  is  evidently  con- 
nected with  the  hydrolytic  decomposition  of  the  sugars  with  acids. 
Maltose,  lactose,  and  sucrose  are  acted  on  according  to  their  power  of 
undergoing  resolution  into  two  hexoses. 

In  the  case  of  glucose  and  fructose,  the  curve  showing  the  diminu- 
tion in  angle  lies  neai'ly  midway  between  the  curve  expressing  the 
decrease  in  angle  due  to  dilution  only  and  that  due   to  the  disappear-. 
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ance  of  the  sugar  to  yield  inactive  products.  This  observation 
cannot  be  taken  as  strictly  representing  a  disappearance  of  50  per 
cent,  of  the  sugar,  for,  although  glucosote  is  feebly  Isevorotatory 
(E.  Fischer,  Ber.,  1889,  22,  94),  acids  are  formed  during  the  oxidation, 
some  of  which  may  have  an  optical  activity  of  the  same  sign  as  that 
of  the  parent  sugar.  In  the  case  of  galactose,  the  curve  lies  much 
closer  to  the  dilution  and  loss  of  sugar  curve  than  in  the  case  of  those 
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Fig.  1.* 
Oxidation  of  Carbohydrates. 
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Oram-moleculcs  of  hydrogen  peroxide. 

for  glucose  and  fructose ;  moreover,  the  acidity  at  the  end  of  the  oxi- 
dation is  much  greater.  It  is  unlikely  that  the  corresponding  hexose 
acids  are  formed  in  any  quantity.  Ruff  (Ber.,  1898,  32,  550)  has 
shown  that  those  acids  on  being  heated  are  attacked  in  the  presence  of 
hydrogen  peroxide  and  ferric  salts  to  give  aldoses  containing  one 
carbon  atom  lesp.  Moreover,  such  aldoses  in  the  presence  of  ferrous 
sulphate  would  undtTgo   further  oxidation   to  give  r sones  and  acids 

*  Diminution  in  angle  duo  to  dilution  has  been  oliniiiciicMl. 
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containing  fewer  carbon  atoms  (Morrell  and  Crofts,  Trans.,  1899,  75, 
796).  Keto-atids  are  more  probable,  since  Ruff  {B«r.,  1898,  32,  2270) 
showed  that  iu  addition  to  J-arabinose,  formic,  glycoUic,  and  a  small 
quantity  of  a  hexose  acid,  identified  as  Boutroux's  ozygluconic  acid, 
were  obtained  by  the  action  of  hydrogen  peroxide  on  gluconic  acid  in 
the  presence  of  ferric  acetate, 

A  comparison  of  the  curves  for  arabinose,  namely,  the  oalcaUt«d 
dilution  curve,  the  curve  representing  the  angular  diminution  daring 
oxidation,  and  that  due  to  dilution  ^u«  the  disappearance  of  suocessive 
tenths  of  the  amount  of  sugar  up  to  ten-tenths,  might  indicate  the 
disappearance  of  50  per  cent,  of  the  sugar  on  the  assumption  that  in 
addition  to  the  osone  only  optically  inactive  acids  are  formed  ;  glyceric 
acid  is  not  produced,  moreover  lactic  and  tartaric  acids  hare  such 
small  rotation  angles  compared  with  arabinose  that  their  influence  on 
the  optical  activity  is  negligible.  It  was  thought  that  a  further  study 
of  the  oxidation  of  arabinose  might  furnish  some  clue  as  to  the  changes 
that  occur  during  its  oxidation,  and  at  ihe  same  time  might  explain 
what  took  place  in  the  case  of  other  carbohydrates. 

Ten  grams  of  arabinose  were  dissolved  in  50  c.c.  of  water,  05  gram  of 
crystallised  ferrous  sulphate  added,  and  38-6  c.c.  of  hydrogen  peroxide 
(1  c.c.  =  0  0276  gram  O)  were  introduced  io  one-tenths  with  the  usual 
precautions.  The  action  of  the  peroxide  was  very  rapid,  and  in  a  few 
minutes  the  angle  became  constant,  for  example,  at  3.15  p.m.  3'86  c.c. 
of  hydrogen  peroxide  were  run  in,  at  3.25  p.m.  the  angle  observed  was 
1708°.  At  5.15  p.m.  the  angle  was  16-89°,  and  24  hours  afterwards 
was  16  7 3°.  The]  oxidation  of  carbohydrates  is  always  very  rapid, 
the  hydrogen  peroxide  being  used  up  as  soon  as  it  is  added.  Fig-.  2 
will  show  the  relationship  of  the  curve  drawn  from  the  observed  data 
and  those  calculated  for  dilution,  and  for  dilution  plut  disappearance 
of  successive  tenths  of  sugar  to  give  inactive  substances. 

When  the  oxidation  by  one  gram-molecule  of  peroxide  had  been 
completed,  the  acidity  of  the  solution  was  determined.  It  was  found 
to  be  272  c.c.  of  J\710  caustic  soda,  or  4080  c.c.  of  this  solution  for 
1  gram  molecule  of  arabinose;  to  furnish  166  grams  of  arabonic  acid, 
150  grams  of  arabinose  would  require  10  litres  of  A7IO  caustic  soda. 
It  was  unlikely  that  the  oxidation  had  proceeded  only  to  the  formation 
of  arabonic  acid,  because  the  reducing  power  of  the  solution  had 
diminished  from  7452  to  5767*,  a  decrease  of  only  one-fifth.  The 
reducing  power  of  the  solution  was  estimated  by  means  of  Wood  and 
Berry's  method  {Proc.  Camb.  Phil.  Soc,  1903,  12,  98),  whereby  cuprous 
oxide  is  precipitated  by  a  solution  of  copper  potassium  carbonate, 
and  the  washed  cuprous  oxide  allowed  to  i-educe  a  ferric  sulphate 
solution ;  the  ferrous  sulphate  formed  was  estimated  by  standard 
permanganate.     The    reducing   power  of    the   original    sugar  iu    the 
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presence  of  ferrous  sulphate  was  estimated  previously,  the  amount  of 
ferrous  sulphate  being  in  the  same  proportion  as  that  used  for  the 
oxidation  of  the  sugar  by  hydrogen  peroxide.  The  small  diminution 
in  the  reducing  power  indicated  the  presence  of  residual  sugar,  of 
osone,  and  probably  of  a  keto-acid  containing  5  carbon  atoms  or  less. 


Fig.  2. 
Oxidation  of  Arahinose. 


2/10  4/10  6/10  8/10 

Gram-molecules  of  hydrogen  peroxide. 
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The  yield  of  acida  forming  insoluble  lead  salts  was  small  because 
normal  lead  acetate  precipitated  only  1  gram,  and  basic  lead  acetate 
only  3  ■  grams  of  lead  salt,  but  it  is  possible  that  these  lead  salts 
are  soluble  in  excess  of  the  precipitant,  as  was  found  to  be  the 
case  with  lead  glycollate  (Morrell  and  Crofts,  Trans.,  1903,  83,  1291). 
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The  yield  of  arabinosazone,  after  removal  of  the  acids,  was  only 
0  25  gram  after  tlie  solution  bad  remaiDed  for  6  hours  at  the  ordinary 
temperature,  but  the  jield  was  increased  by  3  grams  after  heating  the 
solution  on  the  water-bath  for  1  hour.  Three  grams  of  arabinocaaone 
correspond,  from  experiments  we  have  performed,  with  5  grams  of 
arabinose.  The  yield  of  arabinosoce  in  this  experiment  was  small, 
owing  to  the  solution  having  remained  alkaline  for  rather  a  long  lis* 
during  the  filtration  of  the  basic  lead  acetate  precipitate,  and  E.  Fiaehor 
has  shown  that  osones  are  not  stable  in  the  presence  of  alkalis  (B«r., 
1889,  22,  94).  In  other  experiments,  we  hare  found  thai  by  the 
oxidation  of  10  grams  of  arabinose,  1*7  grMns  of  arabinoaaaoD*  eould 
be  obtained  at  the  ordinary  temperature  after  one  or  two  hours,  and 
1*7  grams  of  arabino^azone  eorrespond,  as  will  be  thowii  Utei>«  to 
nearly  3  grams  of  arabinoeone.  An  attempt  was  Umb  Bftd*  to  prepare 
a  small  quantity  of  arabinosone  by  using  E.  Fischer's  method  (Bar., 
1892,  25,  3141),  and  to  determine  its  optical  actirity.  Ten  grams  of 
reerystallised  arabinosaxone  were  added  slowly  to  1800  e.c.  of  boiling 
water  containing  13  grams  of  benxaldehyd<>.  After  3^  hours,  the 
solution  was  filtered  from  unattaeked  arabioosasone  and  bensaldehyde- 
hydrazone,  the  filtrate  shaken  several  times  with  ether,  and  concen- 
trated to  loss  than  half  its  bulk  in  a  vacuum  at  50°.  The  liquid  was 
again  shaken  several  times  with  etber,  decolorised  with  animal  char* 
coal,  and  evaporated  to  a  small  volume.  It  was  found  to  be  slightly 
dextrorotatory,  and  gave  an  immediate  precipitate  at  the  ordinary  tem« 
perature  with  pheuylhydraziue  acetate.  In  order  to  obtain  a  rough  value 
of  the  specific  rotation  of  the  arabinosone,  the  syrup  was  evaporated 
to  a  constant  weight  in  a  platinum  basin  at  the  ordinary  temperature 
under  reduced  pressure,  whereby  0*2753  gram  was  obtained.  This 
amount,  when  disi^olved  in  8  c.c.  of  water,  gave  a  rotation  of  -f-0245°, 
whence  [a]a  =7*12°.  The  contents  of  the  polarimeter  tube  were 
warmed  with  the  calculated  quantity  of  phenylhydrazine  acetate  for 
1 A  hours  on  the  water-bath,  the  yield  of  arabinosasone  precipitated 
was  a  little  more  than  0*1  gram.  Since  [ajo  for  arabinoee  is  94*85^, 
the  activity  of  the  osone  is  very  small  compared  with  that  of  the 
sugar.  With  regard  to  the  formation  of  a  keto-acid  from  arabinose, 
the  amounts  of  lead  salts  produced  are  so  insignificant  that  further 
investigations  would  entail  the  use  of  larger  quantities  of  the  ex- 
peus-ive  carbohydrate.  From  100  grams  of  arabinose,  the  yield  of  lead 
salts  was  so  poor  that  their  investigation  was  restricted  to  qualitative 
tests.  The  basic  lead  acetate  precipitate  was  suspended  in  water  and 
decomposed  by  hydrogen  sulphide  ;  the  filtrate  from  lead  sulphide  was 
concentrated  in  a  vacuum  at  60^  and  the  distillate  was  neutralised 
with  calcium  carbonate,  a  small  quantity  of  a  crystalline  calcium 
salt  obtained,  which  reduced  mercuric  chloride  to  mercury,  but 
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neither  reduced  a  Fehling's  solution,  nor  reacted  with  phonylhydrazine 
acetate.  With  ferric  chloride,  it  gave  the  reaction  for  an  acetatp,  and 
on  heating  with  dilute  sulphuric  acid  the  odours  of  acetic  and  formic 
acids  were  noticed.  The  residue  in  the  distilling  flask  was  boiled  with 
calcium  carbonate  until  neutral,  filtered,  evaporated  to  a  small  bulk, 
poured  into  alcohol,  and  filtered.  The  precipitated  calcium  salt 
reduced  Fehling's  solution  readily,  and  reacted  after  slightly  warming 
with  phenylhydrazine  to  give  a  dark  red  precipitate.  With  j^  bromo- 
phenylhydrazine,  an  uncrystallisable  oil  was  obtained.  Lime  water 
added  to  a  solution  of  the  calcium  salt  gave  a  white  precipitate,  and 
normal  lead  acetate  a  white  precipitate,  but  the  calcium  salt  did  not 
react  with  aniline  oxalate  to  give  the  test  for  glyoxylic  acid. 

It  is  advisable  to  give  tables  showing  the  acidities,  yields  of 
osazones,  and  changes  in  reducing  power  of  a  series  of  sugars,  before 
considering  the  attempts  to  identify  the  acids  formed  from  rhamnose. 


Acidity 

Reducing  power 

Diminution 

One  gram-mol. 

expressed 

in  c.c.  of 

in 

of  sugar  +  one 

in  c.c. 

permanganate. 

reducing 

gram-mol.  of 

Yield  of  crude 

of  NjlO 

^ 

power. 

peroxide. 

osazone. 

NaOH. 

Before.          After. 

Per  cent. 

Glucose 

54  grams 

3600 

8600            6408 

25-5 

Fructose 

63       ,, 

3240 

9854            8971 

9 

Galactose 

45       „ 
(hydrazo-hydrazide) 

5778 

7861             6152 

22 

Maltose 

very  small 

4275 

8550            7251 

15 

Lactose 

practically  n6ne 

5164 

8550            8225 

4 

Sucrose 

51  grams 

3830 

—              8766 

— 

Arabinose 

25-5    ,, 

4080 

7452            5767 

23 

lihamnosc 

32       ,, 

4493 

7500    -        5125 

32 

The  yields  of  osazones  given  include  that  due  to  the  osone  and  to 
the  keto-acid  which  may  have  escaped  precipitation  by  basic  lead 
acetate.  In  the  case  of  arabinose  and  rhamnose,  the  yields  of  osazones 
are  larger  if  substituted  hydrazines,  such  as  phenylmothylhydrazine 
and  /)-bromophenylhydrazine  are  employed.  The  foregoing  table 
bIiows  that  the  greater  the  acidity  in  a  series,  the  greater  the 
diminution  in  angle  of  rotation.  The  reducing  powers  are  not 
generally  diminished  more  than  25  per  cent.,  varying  from  9  per 
cent,  in  the  case  of  fructose  to  32  per  cent,  in  the  case  of  rhamnose. 
It  will  be  noticed  that  the  reducing  power  of  a  cane  sugar  solution  is 
almost  that  of  a  fructose  solution,  which  i.s  in  agreement  with  the 
view  tliat  liydrolysis  ensues  before  oxidation.  The  slight  diminution 
in  the  reducing  power  indicated  the  formation  of  substances  contain- 
ing aldehyde  and  ketone  groupings.  Malto.se  and  lactose,  yielding 
pmali  quantities  of  osones,  have  high  acidities,  due  to  (he  further 
oxidation  of  the  osones,  and  high  reducing  powers  owing  to  the 
prosenro  of  relatively  large  quantities  of  unattackod  sugar.  It  is  to 
bo  noticed  that  galactose  furnislio.s  the  highest  acidity  number  and  a 
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reducing  power,  after  oxidation,  relatively  greater  than  glucose,  although 
no  080De  is  formed,  but  rather  a  keto-hexose  acid.  Mr.  Crofts  has 
informed  U8  that  the  dark  red  substince  precipitated  from  a  cold 
solution  of  oxidised  galactose  by  phenylhydrazioe  contained  a  sub- 
stance which,  after  repeated  crystallisation  from  benzene,  melted  at 
152 — 155°,  with  decomposition,  and  gave  on  analycis  the  following 
numbers. 

on  20  gave  1 4  c.  c.  moist  nitrogen  at  1 2"'  and  760  mm.     N  =  HO. 
0  1450     „     0-308  CO^  and  00785  HjO.     C  =  580;H-60. 
C,gTT.^,0,N^  requires  C- 67  7  ;  H  =5-9  ;  N  -  U-9  per  cent. 


Kio.  S. 
Oatidatiam  of  Jthmmuote. 


2/5 


4/5  6/5  8/5  lO/T       1^5" 

Oram-vtoUeuiet  «f  kydngtm  peroicide. 


14/5        lC/5 


The  substance,  which  is  of  a  yellow  colour,  was  deposited  from  benzene 
in  nodular  aggregates. 

The  curve  for  rhamnose  ([o]d  +7*35°)  shown  in  Fig.  3,  after  the 
addition  of  1  gram-atom  of  oxygen,  is  that  for  a  laevorotatory  solution. 
The  angle  diminished  in  one  experiment  from  +1-47°  to  -04°  for 
an  addition  of  1  gram-atom  of  oxygen.  If  the  amount  of  the 
oxidising  agent  is  increased  up  to  4  atoms,  the  fall  in  angle  is  very 
slow,  attaining  a  maximum  at  3  atoms  of  -  06°,  and  rising  to  -  0  4° 
after  4  gram-atoms  of  oxygen  have  been  added.  After  the  addition 
of  2  gram-atoms  of  oxygen,  the  osone  was  found  to  be  present  in 
very  small  quantities,  and  the  l»voi-otatory  jMJwer  must  be  due  to 
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the  preseuce  of  an  acid  which  might  be  rhamnonic  acid.  The 
disappearance  of  the  osone  after  the  addition  of  2  gram-atoms  of 
oxygen  would  point  to  the  Isevorotatory  power  being  due  to  an  acid 
or  acids  formed  from  the  osone.  The  first  acid  formed  from  the 
osone  would  be  a  keto-acid,  which  would  undergo  further  oxidation 
to  yield  two  acids,  oxalic  or  glyoxylic  acid  and  a  monobasic  dihydroxy- 
acid ;  this  in  turn  would  be  oxidised  further,  although  in  what  way 
it  is  impossible  to  predict.  The  formation  of  simpler  acids,  the 
activity  of  which  is  small,  from  the  Isevorotatory  keto-acid  will 
account  for  the  small  angular  diminution  consequent  on  the  addition 
of  more  than  1  gram-atom  of  oxygen.  Reference  to  the  table  on 
page  286  shows  that  the  acidity  is  greater  than  that  of  an 
arabinose  solution  and  the  diminution  in  reducing  power  is  more 
decided.  A  good  deal  of  attention  has  been  paid  to  rhamnose, 
since  the  properties  of  this  sugar  have  been  examined  more  fully,  and 
the  peculiar  change  in  sign  of  the  rotation  angle  merited  some  con- 
sideration. In  one  oxidation,  where  1  gram-atom  of  oxygen  was 
used,  it  was  shown  that  this  change  of  sign  was  due  to  an  acid,  pre- 
cipitated by  basic  lead  acetate,  leaving  the  filtx'ate  slightly  dextro- 
rotatory. The  basic  lead  salt,  on  decomposition,  yielded  a  Isevorota- 
tory  solution,  which  I'eacted  slowly  with  piienylhydrazine  to  give  a 
dark  red  precipitate.  The  amount  of  lead  salt  formed  was  so  small 
that  purification  was  impossible,  and  it  was  thought  that  by  employ- 
ing larger  quantities  of  the  oxidising  agent  the  weight  of  the  basic 
leid  acetate  precipitate  might  be  increased.  Two  and  four  atoms  of 
oxygen  were  used  and  more  workable  quantities  of  the  basic  lead 
salts  were  obtained.  After  removal  of  the  insoluble  lead  salts,  the 
solution  was  found  to  be  slightly  Isevorotatory,  and  where  four  gram- 
atoms  of  oxygen  were  used  the  filtrate  was  inactive,  a  fact  which  points 
to  the  complete  disappearance  of  the  original  sugar.  The  normal  lead 
acetate  precipitate  was  found  to  consist  chiefly  of  lead  oxalate  and 
sulphate.  These  were  transformed  into  their  calcium  salts.  The 
calcium  sulphate  was  removed  by  washing  with  water  and  acetic  acid, 
and  analysed  ;  the  calcium  oxalate  left  was  reduced  by  sodium  amalgam 
to  glyoxylic  acid,  which  was  confirmed  by  the  Hopkins  reaction  witli 
tryptophan  {Proc.  Roy.  Soc,  1901,  68,  21).  Moreover,  a  calcium 
determination  and  estimation  by  standard  permanganate  confirmed  the 
pro8enc3  of  the  calcium  oxalate.  From  the  basic  lead  acetate  pre- 
cipitate, when  four  atoms  of  oxygen  were  used,  a  calcium  salt  was 
obtaioed  which  contained  Ca«l8"87  and  18-1)1  per  cent.;  it 
reduced  Fehling's  solution  and  reacted  readily  with  substituted 
hydrazines,  such  as  phenylhydrazino  and  7>-bromophenylhydrazine, 
hut  the  products  did  not  admit  of  rocrystallisalion  from  solvents  ; 
raoreovor,  the  salt  was  not  calcium  glyoxylate,  although  it  answered 
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all  the  tests  for  glyoxylic  acid  except  Hopkins's  reaction  and  the 
aniline  test.  With  two  atoms  of  oxygen,  the  normal  lead  acetate 
precipitate  yields  in  addition  to  oxalic  acid  a  calcium  salt  which  is 
partially  soluble  in  alcohol,  and  the  insoluble  and  soluble  portions 
contain  nearly  the  same  percentage  of  calcium,  namely,  16*87  and 
17*14.  It  is  impossible  to  assign  with  any  confidence  a  formula  to 
thet>e  salts,  because  their  purity  cannot  be  guaranteed,  but  it  is  of 
some  interest  that  both  calcium  salts  prepared  in  the  same  way  react 
with  phenylhydrazine  acetate  readily,  and  with  increasing  amount  of 
liydrogeu  peroxide  the  calcium  percentage  is  increased.  Until  more 
characteristic  reactions  of  ketohydroxy-acids  are  diaoorered,  the  com- 
plete identitioation  of  acid  products  of  the  oxidation  of  the  sugars 
will  continue  to  l)o  t-v..*....!;.,.,!.-  liitHcult. 


OtJier  Met/iaU  qf  Preparing  0$on«$. 

As  in  the  preptiration  of  arabinosone  by  Fischer  and  E.  P.  Aim- 
strong's  method  {loc.  eit.)  fairly  large  quantities  of  rhamnosone  can 
be  prepared  from  rhamnosazone  by  the  action  of  benzaldehyde.  In 
one  experiment,  5  grams  of  rhamnosazone  were  added  slowly  to  1  litre 
of  boiling  water  containing  5  gi-ams  of  benzaldehyde,  the  latter  being 
kept  in  solution  by  the  previous  addition  of  120  c.c.  of  absolute 
alcohol.  After  boiling  for  an  hour,  the  benzaldehydehydrazone  and 
uuattacked  rhamnosazone  were  filtered  off,  and  the  rilti-ate  treated  in 
the  manner  described  under  arabinose.  From  the  concentrated 
solution,  nearly  0  9  gram  of  rhamnosazone  (m.  p.  178**)  was  obtained 
by  treatment  with  phenylhydrazine  acetate.  It  was  thought  that  if 
an  aldehyde  wei-e  used  which  yielded  a  hydrazone  more  insoluble  in 
alcohol  than  benzaldehydehydrazone,  the  formation  of  an  osone  would 
proceed  even  in  absolute  alcoholic  solution.  o-Nitrobenzaldehyde  was 
employed  and  it  was  found  that  1  gram  of  the  scarlet  o-nitro- 
beuzaldehydehydrazoue  was  soluble  in  50  c.c.  of  80  per  cent,  hot 
alcohol,  and  crystallised  on  cooling  in  scarlet  needles  Five  grams  of 
rhamnosazone  were  dissolved  in  100  c.c.  of  90  per  cent,  alcohol, 
8  grams  of  o-nitrobenzaldehyde  and  150  c.c.  of  hot  water  added 
successively,  and  the  liquid  was  heated  for  some  time  on  the  water- 
bath.  On  cooling,  the  osazone  and  unattacked  o-nitrobenzaldehyde 
separated  out;  it  seemed  as  if  very  little  action  had  taken  plate 
between  the  two  substances.  At  125°,  the  two  substances  reacted  ; 
5  grams  of  rhamnosazone  dissolved  in  100  c.c.  of  50  per  cent,  alcohol 
and  heated  with  8  grams  of  o-nitrobenzaldehyde  in  a  sealed  tube  for 
2  hours,  gave  a  quantity  of  osone  which  yielded  03  gram  of 
rhamnosazone  (m.  p.  nS"").  If  the  temperature  were  raised  to  140° 
and  the  heating  prolonged  to  8  hours,  no  osone  could  be  detected. 
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When  4'5  grams  of  glucosazone  were  heated  with  11  "5  grams  of 
0  nitrobenzaldehyde  in  a  55  per  cent,  alcoholic  solution  at  100°  in  a 
sealed  tube,  no  o-nitrobenzaldehydehydrazone  was  formed  ;  at  125° 
the  reaction  commenced,  and  the  scarlet  hydrazone  appeared.  The 
contents  of  the  tube  were  diluted  with  water,  and  the  unattacked 
glucosazone  and  o-nitrobenzaldehyde  were  filtered  off.  The  last  traces 
of  o-nitrobenzaldehyde  were  removed  by  ether,  and  the  aqueous 
solution,  after  concentration  in  a  vacuum,  reacted  with  phenylhydrazine 
at  the  ordinary  temperature  to  give  glucosazone  (m.  p.  205°).  The 
yield  of  regenerated  glucosazone  was  17  per  cent,  of  the  original 
weight  of  glucosazone. 


Autoxidalion  Experiments  with  Benzaldehyde. 

Instead  of  using  hydrogen  peroxide  as  oxidiser,  oxygen  might  be 
rendered  active  in  the  presence  of  an  inductor,  such  as  benzaldehyde. 
Engler  and  Wild  {Ber.,  1897,  30,  1669)  state  that  the  interaction  of 
oxygen  and  benzaldehyde  gives  benzoyl  peroxide  and  hydrogen  per- 
oxide. If  the  aldehyde  alone  be  exposed  to  the  oxygen,  the  product 
will  be  benzoic  acid.  Bod  lander  (^Ahrens'  Sammlung,  3,  470)  assumed 
that  benzoyl  hydrogen  peroxide,  CyHg'CO'O'OJI,  was  formed,  which 
acted  as  a  powerful  oxidising  agent.  It  was  thought  that  it  would  be 
interesting  to  investigate  whether  benzaldehyde  would  accelerate  the 
oxidation  of  the  sugars  in  the  presence  of  ferrous  sulphate. 

A  stream  of  oxygen  or  air  was  drawn  slowly  through  a  fructose 
solution  containing  benzaldehyde  and  traces  of  ferrous  sulphate  in 
suspension.  The  oxidation  of  the  iron  was  very  rapid  ;  after  a  few 
hours,  the  ferrous  iron  reappeared,  disappearing  when  more  air  was 
passed  in.  The  benzaldehyde  gradually  darkened  in  colour  and 
became  pasty,  but  even  after  several  days  it  was  not  completely 
oxidised.  After  4  days'  contact  with  oxygen,  the  benzaldehyde  was 
carefully  removed  by  ether,  and  the  solution  was  freed  from  ether  by 
warming  to  40°  in  a  vacuum.  Addition  of  phenylhydrazine  acetate 
gave  an  immediate  turbidity  and  separation  of  glucosazone,  which  in 
3^  hours  at  the  ordinary  temperature  amounted  to  04  gram  from  10 
grams  of  fructose  and  melted  on  recrystallisation  at  202 — 203°  (yield, 
U'2  gram).  A  blank  experiment  with  2  grams  of  fructose  in  20  c.c. 
of  water,  a  drop  of  ferric  chloride,  and  sodium  acetate,  tested  with 
phenylhydrazine  acetate,  gave  during  the  same  time  an  exceedingly 
hlight  precipitate.  In  oxperimentj  conducted  with  glucose,  it  was 
found  that  the  oxidation  was  very  much  slower  than  in  the  ease  of 
fructose,  although  when  the  stream  of  oxygon  was  cut  off  ferrous  iron 
reappeared,  whicli  was  immodiately  oxidised  by  bubbling  in  more 
oxygdU.     After  4  days,  the  boiizaldohydo  was  removed  by  ether  and 
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the  solution  tested  for  glucosone  by  means  of  pbenylbydi-aziue  acetate 
under  exactly  the  same  conditions  as  in  the  case  of  fructose.  The 
yield  of  glucosazone  from  15  grams  of  glucose  was  0*2  gram  (m.  p. 
204"),  less  than  one-third  of  what  was  furnished  by  fructose.  Galac- 
tose was  found  to  bo  oxidised  slightly  under  the  same  couditioni<.  The 
benzaldehyde  during  the  oxidation  cliauged  to  a  semi-solid,  browa 
mass,  as  if  some  of  the  ferric  iron  had  been  absorbed  into  the  mix- 
ture of  benzaldehyde  and  benzoic  acid.  In  the  presence  of  manganese 
sulphate,  no  change  could  be  observed. 

It  was  noticed  that  on  bubbling  air  for  3  hours  through  a  solution 
of  fructose  containing  ferrous  sulphate  and  a  few  drops  of  glacial 
acetic  acid  the  sugar  had  been  slightly  oxidised.  The  solution  reacted 
with  phenylhydrazine  acetate  at  the  ordinary  temperature  after  a 
quarter  of  an  hour,  but  the  yield  of  oeazone  was  very  small  indeed. 
Fructose  is  invariably  more  easily  attacked  by  active  oxygen  than 
glucose. 

From  fructose,  in  the  presence  of  manganese  sulphate,  we  were 
unable  to  obtain  a  solution  which  reacted  with  phenylhydrazine 
acetate  at  the  ordinary  temperature  within  3  hour^  If  manganese 
acetate  wa^  present  and  oxygen  was  bubbled  in,  a  decided  darkening 
was  noticed  which  slowly  disappeared,  but  the  oxidation  was  appar- 
ently very  slow.  The  addition  of  alum  had  no  effect  on  the  rate  of 
oxidation.  Tue  experiments  were  carried  out  in  diffused  daylight 
only. 

JUxperiments  with  RMliutn  Bromide  as  Catcdylic  Agent. 

Experiments  on  the  action  of  radium  salts  wei-e  performed  to  find 
out  whether  the  yS-  and  y  rays  from  radium  bromide  would  accelerate 
the  oxidation  of  fructose  by  air  in  the  presence  of  ferrous  sulphate. 
Unfortunately,  the  results  are  up  to  the  present  negative,  but,  neverthe- 
less, a  somewhat  curious  effect  was  obtained  in  the  course  of  the  work. 
It  was  thought  that  the  change  would  be  exceedingly  small  and 
difficult  to  measure.  From  the  curves  given  in  the  earlier  part  of  the 
paper,  it  is  evident  that  the  diminution  in  angle  is  proportional  to  the 
amount  of  oxidising  agent  present.  The  experiments  performed  con- 
sisted in  exposing  a  20  per  cent,  aqueous  solution  of  fructose,  contain- 
ing I  per  cent,  of  crystallised  ferrojs  sulphate  and  0*03  per  cent, 
of  mercuric  chloride,  in  a  thin  glass  dish  or  ebonite  vessel  with  a  mica 
bottom  to  the  action  of  the^-  and  y-rays  from  5  milligrams  and  20  milli- 
grams of  radium  bromide.  In  order  to  prevent  evaporation,  the  dish 
resting  on  the  capsule  containing  the  radium  bromide  was  placed  in  the 
dark  in  a  large  bell-jar  containing  a  vessel  filled  with  water  to  which 
a  trace  of  mercuric  chloride  had  been  added. 

An  exactly  similar  solution  was  placed  in  another  bell-jar  and  kept 
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in  the  dark  and  at  the  same  temperature  to  serve  as  a  blank  experi- 
ment. In  a  second  series  of  experiments,  the  sugar  solutions  were 
kept  in  a  bell-jar  which  contained  5  per  cent,  sodium  chloride  solution. 
In  a  third  sei'ies,  the  radium  capsule  was  placed  over  the  sugar  solu- 
tion. The  solutions  were  examined  in  an  "  inversion  "  tube,  whereby 
a  constant  temperature  was  secured  by  the  water-jacket  of  the 
observation  tube.  The  polarimeter  employed  was  a  triple  field 
apparatus,  which  could  be  read  accurately  to  0*02°.  In  a  fourth 
series  of  experiments,  a  glass  tube  containing  5  milligrams  of  radium 
bromide  was  left  in  contact  with  a  sugar  solution,  containing  ferrous 
sulphate,  in  a  sealed  flask  filled  with  oxygen  and  kept  in  the  dark  for 
several  weeks.  In  all  cases,  a  similar  blank  experiment  was  carried 
out  under  exactly  the  same  conditions.  In  the  first  series  of  experi- 
ments, the  solution  over  radium  gained  in  weight,  whilst  the  blank 
solution  lost  slightly  ;  this  loss  must  have  been  due  to  evaporation 
during  the  weighing  of  the  dish.  The  results  were  independent  of 
the  nature  of  the  vessel,  and  wei'e  the  same  whether  glass  or  ebonite 
vessels  were  employed.  In  six  days,  13*7495  gi-ams  of  a  20  per  cent, 
fructose  solution  gained  0"0695  grams,  whilst  the  blank  solution  lost 
0"015  gram  (the  solutions  were  weighed  every  day).  The  solution 
over  radium  showed  a  slight  diminution  in  optical  activity,  and  was 
less  by  0*25°  than  the  angle  observed  in  the  blank  solution.  After 
three  weeks,  the  angle  had  diminished  by  0*7°  and  was  047°  less  than 
that  shown  by  the  blank  expei'iment.  The  two  solutions  possessed  the 
same  acidity,  and  showed  no  difference  in  their  behaviour  towards 
phenylhydrazine  acetate ;  in  neither  case  was  there  an  immediate  pre- 
cipitate of  glucosazone. 

In  the  second  series  of  experiments,  it  was  found  that  the  solution 
in  a  glass  vessel  over  which  20  milligrams  of  radium  were  placed  lost 
weight  faster  than  the  blank  solution,  and  the  angle  increased 
slightly  in  consequence.  After  3  weeks,  the  angles  differed  only  by 
0-48'^. 

In  the  fourth  series  of  experiments,  after  5  days  there  was  abso- 
lutely no  change  in  the  angles  observed  in  the  solution  in  the  flask 
containing  0  milligrams  of  radium  bromide,  and  in  the  blank  experi- 
ment, even  after  3  weeks'  exj^osure, there  was  no  change  in  the  angle. 
The  results  may  be  summax'ised  as  follows  :  oxygen  does  not  alter 
the  rotation  of  a  fructose  solution  in  the  presence  of  ferrous  sulphate 
when  the  solution  is  kept  in  a  large  flask  in  the  dark  even  aftor  5  days 
(compare  Fenton  and  Juckson,  Trans.,  18U9,  86,  10),  and  it  does  not 
alter  the  rotation  of  a  similar  fructose  solution  under  the  same  oon- 
ditions  in  the  presence  of  a  tube  containing  5  milligrams  of  radium 
bromide  even  aftor  3  wcokH.  The  changes  in  weight  and  hniall  diiTor- 
enoes  in  angles  observed  must  be  due  to  alterations  in  the  concentra- 
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tions  of  the  solutions.  Probably  the  emauatious  fi-ou^.  the  radium 
bromide,  by  setting  up  convection  currents,  accelerate  the  evaporation 
from  the  water  to  the  sugar  solution  in  the  first  series  of  experiments, 
and  from  the  sugar  to  the  salt  in  the  second  series.  When  the  radium 
capsule  in  the  bell-jar  was  insulated  from  the  surrounding  air  by  means 
of  ebonite  and  thick  glass,  the  differences  in  the  weight  of  the  two 
solutions  were  much  diminished,  and  there  was,  after  10  days,  no  altera- 
tion of  optical  activity  in  the  two  cases.  The  salt  solution  used  had  a 
greater  osmotic  pressure  than  th^  fructose  solution,  and  the  pre— nee 
of  a  trace  of  mercuric  chloride  precluded  any  intervention  of  ferments. 
These  experiments  were  brought  to  an  abrupt  oooclusion  by  the  20  milli- 
grams of  radium  bromide  in  the  capsule  absorbing  water  through  the 
cover  and  losing  their  radioactivity. 

The  authors  desire  to  acknowledge  gratefully  the  receipt  of  a 
Government  CJrant  from  the  Royal  Society  with  the  aid  of  which  this 
investigation  has  been  carried  out. 

GoNVlLLK   AND   CaIUS   CoLLKGE, 

Camukiduk. 


XXXV J. — The   Reduction   of  isoPhthalic   Acid. 

By  WiLLiAu  Henry  Febkin,  juo.,  and  Samuel  Shrowdeb  Pjcklxs. 

DuRiNa  the  course  of  his  classical  researches  on  the  reduction  of 
benzene  and  its  derivatives,  Baeyer  devoted  mmh  time  and  labour 
more  especially  to  the  investigation  of  the  products  formed  during  the 
reduction  of  phthalic  acid  and  of  terephthalic  acid. 

By  devising  new  processes  of  reduction  and  employing  systematic 
and  most  skilful  methods  of  separation,  Baeyer  was  able  in  both  cases 
not  only  to  solve  the  intricate  problem  of  the  nature  of  the  reduction 
products,  but  also  to  establish  clearly  the  constitutions  of  the  many 
acids  formed  from  the  original  reduction  px'oducts  by  various  processes 
of  intramolecular  change. 

The  papers  in  which  the  results  of  these  exceedingly  difficult 
investigations  are  published  must  always  rank  as  among  the  most- 
importaut  in  the  whole  range  of  organic  chemistry.* 

Whilst  then  the  mechanism  of  the  reduction  of  phthalic  and  tere- 

♦  See  especially  Annalen,  1888,  245,  103 ;  1889,  251,  257  ;  1889,  266,  1  ;  18»0, 
258,  1,  145  ;  1891,  266,  159  ;  1892,  269,  145;  1893,  276.  255. 
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phthalic  acids  may  be  said  to  be  well  understood,  very  little  has  so  far 
been  done  to  solve  the  problem  in  the  case  of  isophthalic  acid.  The 
first  mention  of  the  behaviour  of  this  acid  on  reduction  is  to  be  found 
in  a  paper  published  by  Baeyer  in  1886  {Ber.,  19,  1806),  in  which  it 
is  stated  that  reduction  takes  place  with  much  greater  diflSculty  than 
in  the  case  of  terephthalic  acid.  After  boiling  2  grams  with  sodium 
amalgam  for  3  days,  an  acid  was  isolated  which  melted  at  199°  and 
gave,  on  analysis,  numbers  agreeing  with  those  required  for  a  tetra- 
hydioisophthalic  acid.  In  1891,  one  of  the  present  authors  (Perkin 
Trans.,  59,  808)  succeeded  in  preparing  the  cis-  and  ^rans-modifications 
of  hexahydroisophthalic  acid  synthetically,  the  process  employed  being 
the  following. 

Ethyl  hexamethylenetetracarboxylate  was  first  obtained  by  digesting 
the  disodium  derivative  of  ethyl  pentanetetracarboxylate  with  methyl- 
ene iodide, 

/CHo-CNa(C02Et).,  /CH2-C(C02Et)2 

CH/        "  "  +  CH.J.   =   CHo<(  >CH2      +  2NaI, 

^CH2-CNa(CO,Et)2  '  "  "  ^QB.^-Q{QO.M)o 

and  subsequently  this  same  ester  was  prepared  more  conveniently  by 
Perkin  and  Prentice  (Trans.,  1891,  69,  990)  by  acting  on  the  di- 
sodium derivative  of  ethyl  propanetetracarboxylate  with  trimethylene 
dibromide  : 

/CHoBr        NaC(CO.^Et).,  /CH2-C(C0.,Et)., 

CH.,\       "        +  >CH,    "     -     CH/  >CH.,    "+    2NaBr. 

'  ^CHoBr       ■NaC(C02Et)2  '  ^CHo-C(C02Et). 

The  hexamethylenetetracarboxylic  acid  obtained  from  this  ester  by 
hydrolysis  is  decomposed  when  heated  at  200°  with  elimination  of 
carbon  dioxide  and  formation  of  the  cis-  and  i?"a?is-niodiIicatiocs  of 
hexahydrotsophthalic  acid : 

H      CO2H  COoH  H 

h/>|H2  ^/\^, 

H^'^HJ-COgH  H.'^-i-COaH 

Ho  H2 

cia  (m.  p.  160°).  trans  (111.  p.  120°).* 

Shortly  after  this,  Baeyer  and  Villiger  (Annalen,  1893,  276,  255) 
obtained  those  cis-  and  ^ra?t«-modiGcation8  of  hcxahydrouophthalic 
acid  from  laophthalic  acid  by  reduction,  and  thowod  that  the  acids 
thus  prepared  agree  in  their  [>roperties  exactly  with  those  which  had 
previously  been  obtained  synthetically. 

•  Furthor  cxperiiiientii  on  these  synthoses  havo  aliuwu  lliat  this  iiitlliiig  point  is 
(trobftbly  a  good  deal  too  low. 
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During  the  course  of  a  long  teiies  of  experiments  on  the  constitution 
of  a  number  of  substances  belonging  to  the  cimphor  group,  it  seemed 
at  one  time  probable  that  some  of  these  might  be  derived  from, 
or  cloiiely  allied  to,  one  of  the  poshible  tetrahjdroi«ophtbalic 
acids. 

It  was  therefore  thought  advisable  to  prepare  and  characterise  these, 
at  that  time,  unknown  acids.  Preliminary  experiments  bhowed  at 
once  that  the  problem  was  an  exceedingly  difficult  one,  &nd  all  attempts 
which  were  then  made  to  effect  a  separation  of  the  mixture  of  acids 
formed  by  the  reduction  of  t^ophthalic  acid  with  sodium  amalgam  were 
fruitless,  and  only  served  to  con6rm  the  experience  of  Baeyer  acd 
Villiger  (AnnaUu,  181)3,  276,  -59),  who  bad  previom^ly  experiment* d 
with  this  mixture.  These  authors  describe  the  results  of  their  experi- 
ence in  the  following  words  :  "  Alle  Versuche,  aus  dem  rohen  Reduc- 
tionsproducte  eine  zur  Untersuchung  hioreichende  Meoge  einer 
einheitlichen  Saure  zu  isolireo,  blieben  bisher  resultatlos."  Since, 
however,  the  problem  was  an  exceedingly  interesting  one,  it  was 
decided  4  years  ago  to  attempt  again  the  tepar&tion  of  thii>  mixture  of 
acids,  and  after  many  failures  we  were  ultimately  able  to  accomplish 
this.  During  the  course  of  our  experiments,  we  discovered  that  when 
the  reduction  is  carried  out  under  very  carefully  observed  conditions, 
d'  scribtd  in  detail  in  the  experimental  part  of  this  paper,  the  product 
consists  almost  entirely  of  two  tetrahydro(«ophthalic  acids  (A  and  B), 
which  have  approximately  the  same  melting  points  and  the  tame  solu- 
bility in  water  and  other  solvents.  As  there  was  no  possibility  of 
separating  these  acids  by  crystallisation,  a  careful  study  of  a  long 
series  of  their  salts  was  made,  and  it  was  then  found  that,  ahhough 
the  calcium  salts  of  both  acids  are  soluble  in  water,  the  difference  in 
solubility  is  suthciently  great  to  allow  of  their  separatior. 

When  these  acids  had  been  separated,  they  were  readdy  converted 
into  two  other  acids  (C  and  D),  and  we  can  now  give  a  ^hort  sketch 
of  such  of  the  properties  of  these  acids  as  are  of  special  importance  in 
deciding  their  constitutions. 

The  acid  (A)  from  the  less  soluble  calcium  salt  melts  at  168^,  yields  a 
solid  anhydride  (m.  p.  78°),  and,  when  heated  with  caustic  potash  or 
hydrochloric  acid,  is  converted  by  intramolecular  change  into  a  very 
sparingly  soluble  tetrahydroj'«ophthalic  acid  (D),  which  melts  at  244^^. 
This  acid  (D)  is  converted  into  the  anhydride  of  (A)  by  digesting  with 
acetic  anhydride  and  distilling  the  product  under  reduced  pressure. 
The  acid  (B),  the  calcium  salt  of  which  is  readily  soluble  in  water, 
melts  at  about  165^,  and,  when  heated  with  hydrochloric  acid  at  170°, 
yields  a  very  sparingly  soluble  teti'ahydroi'aophthalic  acid  ((j),  w^hich 
melts  at  225—227°. 

If  we  consider  the  question  of  the   \  ossible  modidcations  of  tetra- 
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hydroisoplithalic  acid,  we  see  that  the  following  structurally  different 
acids  should  exist  :  * 

XXX 


a2.  a3.  a\ 

and  it  is  also  obvious  that  A^-tetrahydroisophthalic  acid  should  be 
capable  of  existing  in  cis-  and  <rfms-modi6cations  : 

H— X  X— H 


cin.  trans. 

There  are  thus  in  all  four  tetrahydroisophthalic  acids,  and  it  follows 
therefore  that  in  isolating  the  acids  A,  B,  0,  and  D  we  have  prepared 
all  the  possible  modifications  of  tetrahydro^sophthalic  acid.  Further- 
more, the  investigation  of  these  acids  has  yielded  results  which,  as  it 
seems  to  us,  point  clearly,  if  perhaps  not  conclusively,  to  the  con- 
stitution which  is  to  be  assigned  to  each  of  these  four  acids. 

For  a  long  time  the  peculiar  relationships  which  were  found  to 
exist  between  these  acids,  relationships  quite  different  in  many  ways 
from  those  met  with  in  Baeyer's  investigations  of  the  tetrahydro- 
derivatives  of  phthalic  and  terephthalic  acids,  made  the  problem  of 
assigning  definite  constitutional  formulje  to  them  more  than  ordi- 
narily difficult.  In  the  first  place,  although  it  is  only  possible  for  one 
pair  of  acids  to  be  cis-  and  fra?<s-isomerides,  we  have  found  that  two 
pairs  show  the  reactions  which  are  usually  associated  with  such 
modifications. 

(a)  The  readily  soluble  acid  A  is  converted  into  the  sparingly 
soluble  acid  D  by  heating  with  hydrochloric  acid,  and  conversely  the 
acid  D  yields  the  anhydride  of  the  acid  A  when  it  is  heated  with 
acetic  anhydride  and  the  product  distilled. 

(6)  The  readily  soluble  acid  B  is  converted  into  the  sparingly 
soluble  acid  C  when  heated  with  hydrochloric  acid. 

Obviously,  then,  further  evidence  is  necessary  before  it  is  possible 

*  X  =  CO.^H.     The  scheme  of  numbering  employed  in  this  paper  is  as  follows  : 

/\ 


U 


The  nomenclaturo  and  type  of  formula  used  are  the  same  as  those  which  Baeyer 
lia«  adopted  in  hia  researclies  on  the  reduction  of  phthalic  and  terephthalic  acids. 
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to  decide  which  of  the  pairs  (a)  or  (b)  represents  the  eis-  and  trans- 
modifications  of  A*-tetrahydroi«ophthalic  acid. 

The  considerations  which  have  weighed  most  with  us  in  our  attempt 
to  decide  the  constitution  of  these  acids  were  the  following. 

The  formula  of  the  A^-acid, 

X 

fix. 

contains  a  double  linking  in  the  /9y-po8ition  to  one  of  the  carboxyl 
groups,  and  it  is  well  known  from  the  investigations  of  Baeyer  and 
others  that  an  acid  of  this  constitution  undergoes  intramolecular 
change  when  boiled  with  caustic  potash,  the  double  linking  in  this 
position  wandering  to  the  a/S-position.  Now  the  acid  D  is  stable  to 
caustic  potash,  and  therefore  it  cinnot  contain  a  double  linking  in 
the  y3y-position,  or,  in  other  word^,  it  cannot  be  the  fru/M-moditication 
of  A^-tetrahydrot«ophthalic  acid.  The  exclusion  of  the  acid  D  leaves 
only  one  other  which  can  possibly  be  this  fran«-modification,  and  that 
is  the  sparingly  soluble  iicid  C,  which,  as  stated  above,  is  obtained 
from  the  acid  B  by  the  usual  process  of  converting  a  ctVmodification 
into  the  corresponding  tra;M-modification,  namely,  by  heating  with 
hydrochloric  acid  at  170^. 

This  argument  seems  to  us  to  prove  that  the  acids  B  and  C 
must  be  the  cis-  and  /raH^-modifications  of  A^-tetrahydroMophthalic 
acid. 

It  is  next  necessary  to  consider  which  of  the  two  remaining 
formula} 

X  X 


(\ 


llv  IV 

A».  A». 

represents  the  acid  A,  and  which  is  to  be  assigned  to  the  acid  D.  As 
has  already  been  pointed  out,  the  double  linking  in  D  must  be  situated 
in  the  a)8-position,  because  the  acid  is  stable  to  caustic  potash.  Both 
the  above  formulae  satisfy  this  condition,  but  the  second  seems  the 
more  probable  because  the  A^-formula  still  contains  a  double  linking 
in  the  )8y  position  to  one  of  the  carboxyl  groups,  whereas  this  is  not 
so  in  the  case  of  the  A^-formula.  We  therefore  assign  the  A--formula 
to  the  readily  soluble  acid  A,  and  the  A^-formula  to  the  sparingly 
soluble  acid  D.  In  confirmation  of  this  view,  we  may  call  attention 
to  Baeyer's  investigation  of  two  acids  in  the  phtlialic  series,  the 
relationships  of  which  are  very  similar  to  those  of  the  A--  and  A^  tetra- 
hydx'Otsophthalic  acids. 
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We  refer  to  the  case  of  the  A^-  and  A--tetrahydrophthalic  acids  : 

iX  I    jx  • 


The  former  contains  the  double  linking  between  the  carboxyl  groups, 
and  corresponds  therefore  with  A^-tetrahydrotsophthalic  acid,  with 
which  it  also  shares  the  property  of  being  very  soluble  in  water. 

When  A^-tetraliydrophthalic  acid  is  digested  with  caustic  potash 
it  is  converted,  although  only  with  difficulty,  into  the  A^-acid,  the 
double  linking  wandering*  fi'om  its  position  between  the  carboxyl 
groups  (Baeyer,  Annalen,  1890,  258,  164).  The  A^  tetrabydrophthalic 
acid  thus  formed  has  a  constitution  analogous  to  that  of  A^-tetra- 
hydro^sophthalic  acid,  which  is  produced  in  a  similar  manner  from  the 
A^-acid  by  the  action  of  caustic  potash,  and  it  is  interesting  to  note 
that  both  these  acids  are  not  only  characterised  by  being  very  sparingly 
soluble  in  water,  but  that  in  other  respects  they  also  show  similar 
properties. 

In  this  connection,  the  following  point  may  be  mentioned  as  being 
perhaps  the  most  important.  It  has  already  been  pointed  out  that 
A^-tetrahydro?'sophthalic  acid,  when  digested  with  acetic  anhydride 
and  the  product  distillel,  yields  the  anhydride  of  the  A"-acid  : 

X  X 


^X  .       .X 


A'-  A-. 

that  is  to  say,  the  wandering  of  the  double  linking  takes  place  in  the 
reverse  direction  to  that  which  is  brought  about  by  treatment  with 
caustic  potash.  Bieyer  [Annalen,  1890,  258,  202)  has  observed  a 
similar  change  in  the  case  of  A^-tetrahydrophthalic  acid,  since  this 
acid,  when  treated  with  acetic  anhydride  and  then  lieated,  yields  the 
anhydiide  of  the  A' -acid  : 

Jx         g'^^«         I     ix- 


These  examples  will  suffice  to  illustrate  the  remarkable  similarity 
in  properties  which  exists  between  the  A^-  and  A^-tetrabydrophthalic 

•  It  h1iou1<1,  lio\vi!V(!r,  bo  obieived  tliat  the  dianj^o  of  A'-  into  A'-'-lctnihydro- 
plitlialic  acid  in  rciiiarkal)l«!  iti  Muh  rnH]mct,  thai  it  iicocsHitatos  tlio  tiaiisfcronco  of  a 
douhlri  h'nkiiig  whi<!h  in  in  the  o/S-jMisitioii  to  Ixith  cailioxyl  f^'ioups  to  a  piwitioii  in 
which  it  iH  fiy-  to  one  of  tlicwe  grouiiH. 
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acids  and  the  A--  and  A'-tetrahydroiAophthalic  acids,  and  there  seems 
little  doubt  that  these  acids  are  analogously  constituted. 

The  reasons  given  above  and  other  con-^iderations  have  led  us  to 
the  conclusion  therr-fore  that  the  constitutions  of  the  four  tetra- 
hydroj«ophthaUc  acids  are  most  probably  those  represented  by  the 
formulae  : 

\\/\n  h/\h.        h/'^iH,  h/^h. 


H,  11  11  H 

A- (in-  1'   168").  A»  (in.  p.  244°).       eu- A*  im.  \t.  lUb").  trans  A*   i; 

Readily  solulile.         Sfiariagly  soluble.        Readily  noluble.        Sikaringlv 

In  order  to  obtain  further  confirmation  of  these  formule,  a  long 
series  of  oxidation  experiments  was  made,  more  especially  with  the 
A-'-  and  A'^-acids  (see  pp.  306,  308).  It  seemed  poftsible  that  degrada- 
tion products  might  result  which  would  place  the  constitution  of  these 
acids  beyond  doubt,  but  this  did  not  prove  to  be  the  ease.  Oxidation 
with  permanganate  has  frequently  been  found  to  be  of  great  value  as 
a  means  of  ascertaining  the  constitution  of  unsaturated  acids,  but  it 
has  repeatedly  failed  in  the  case  of  ring  compounds.  It  seems  to  be 
more  destructive  in  its  action  on  unsaturated  acids  containing  a 
closed  ring,  breaking  them  down  into  acids  which  contain  a  smaller 
number  of  carbon  atoms  than  might  have  been  expected.  Baeyer 
{Annalen,  1890,  258,  163  and  164)  also  found  that,  with  one  excep- 
tion, oxidation  with  permanganate  proved  to  be  of  little  value  as  a 
means  of  obtaining  evidence  of  the  structure  of  the  rp  lu  -t ion  Diotiucts 
of  phthalic  acid. 

In  the  experimental  part  of  this  paper  will  be  fouud  a  description 
of  the  monobromo-  and  dibromo-hexahydroutophthalic  acids  which  were 
obtained  from  the  various  tetrahydro-acids  by  the  addition  of  hydro- 
bromic  acid  or  of  bromine,  and  other  derivatives  are  also  described 
the  special  mention  of  which  is  unnecessary  in  this  introduction.  We 
should,  however,  like  to  call  attention  to  one  interesting  point,  and 
that  is  to  our  failure  to  isolate  even  a  trace  of  a  dihydrot^ophtbalic 
acid  from  among  the  products  of  the  reduction  of  isophthalic  acid  with 
sodium  amalgam.  In  his  investigations  of  the  reduction  products  of 
phthalic  and  terephthalic  acids,  Baeyer  has  shown  that  the  products 
lirst  formed  are  always  dihydro-derivatives,  and  these  he  was  able  to 
isolate  without  difficulty  in  each  case.  Pos.'-ibly  the  following  con- 
siderations, based  on  an  interesting  suggestion  of  B  leyer  (/lnna/«n, 
1892,  269,  172),  may  supply  a  reason  for  this  curious  difference  in 
the  behaviour  of  tsophthalic  acid. 

The  meehauism  of  the  process  of  reduction  of    phthalic  and  tore- 
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phthalic  acids  is  that  hydrogen  atoms  attach  themselves  in  the  first 
instance  to  the  carbon  atoms  which  carry  the  carboxyl  groups,  an 
addition  which  in  some  cases  necessitates  a  rearrangement  of  the 
valencies.  Thus  the  first  product  of  the  reduction  of  phthalic  acid  is 
A^'^-dihydrophthalic  acid  : 

ix       y^^i^^       I    Lx ' 

and,  in  a  similar  manner,  the  first  product  of  the  reduction  of 
terephthalic  acid  is  A^'^-dihydroterephthalic  acid  : 

H     X 

/i\  A 

P    CI  yields  f      II  . 

X 


H     X 

If  this  process  is  applied  to  tsophthalic  acid,  it  leads  to  the  following 
unsaturated  scheme : 


X 

/|\  yields 


H     X 

\ 
/ 


\|/<H 

in  which  the  valencies  are  unable  to  unite  to  form  two  double 
linkings,  as  they  can  do  in  the  case  of  dihydrophthalic  and  dihydro- 
terephthalic  acids.  The  impossibility  of  forming  a  dihydro-derivative 
in  this  way  is  suggested  by  Baeyer  as  a  possible  explanation  of  the 
fact  that  wophthalic  acid  is  so  much  more  diflScult  to  reduce  than 
either  phthalic  or  terephthalic  acid. 

It  seems  to  us  that  the  impossibility  of  the  free  valencies,  in  the 
dihydroi'sophthalic  acid  represented  above,  saturating  one  another  may 
be  the  reason,  not  only  why  wo  have  not  been  able  to  isolate  a  dihydi-o- 
acid  from  the  products  of  the  reduction  of  isophthalic  acid,  but  may 
also  account  for  the  fact  that  tetrahydro-derivatives  are  formed  at 
once.  If  we  suppose  that  such  an  intermediate  substance  as  that 
represented  above  is  first  formed  during  the  reduction  with  sodium 
amalgam,  then  the  free  valencies,  which  cannot  saturate  one  another, 
will  naturally  combine  with  hydrogoi),  and  thus  yiolil  at  once  tetra- 
hydrowophthalic  acids, 
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Reductimi  of  iso t/U/ialic  Acid* 

The  method  employed  in  this  reduction  was  similar  to  that 
recommended  by  Baeyer  and  Villiger  {Atmalen,  1893,  2^76,  258)  and 
was  briefly  as  follows :  wophthalic  acid  (40  grams)  was  dissolved  in  a 
slight  excess  of  sodium  carbonate,  the  solution  made  up  to  300  ex., 
and  then  transferred  to  a  large  porcelain  beaker  fitted  with  a 
mechanical  stirrer.  Sodium  amalgam  (2  5  kilograms  of  35  per  cent.) 
was  added  in  small  quantities  at  a  time,  the  liquid  being  kept  «t  45** 
by  means  of  a  very  small  burner  placed  underneath  the  beaker  and, 
during  the  whole  oi)eration,  a  steady  and  moderately  rapid  stream  of 
cai  bou  dioxide  was  passed.  After  two  days,  the  liquid  was  acidified 
filtered  from  a  slight  flocculent  precipitate.t  and  well  shaken  with 
three  sepjvrate  quantities  of  washed  ether,  by  which  means  prac- 
tically the  whole  of  the  reduced  acid  was  easily  extracted.  The 
ethereal  extract  was  dried  over  calcium  chloride,  evaporated  to  a  small 
bulk,  and  the  residue,  which  soon  began  to  crystallise,  set  aside  for  a 
week  or  ten  days,  when  it  was  found  to  have  become  almost  solid. 

In  contact  with  porous  j)orcelain,  the  oily  mother  liquor  was  readily 
absorbed,  leaving  a  colourless,  crystalline  cake. 

The  porous  plates  which  had  accumulated  from  several  such 
reductions  were  extracted  with  ether  in  a  Soxhlet  apparatus  and, 
after  distilling  ott"  the  ether,  the  syrup  was  allowed  to  stand  for  some 
months,  when  it  again  became  almost  solid.  After  removal  of  the  oily 
mother  liquor  by  means  of  porous  porcelain,  the  crystalline  cake  was 
added  to  that  obtained  in  the  tirst  instance. 

Lastly,  the  porous  plates  were  again  extracted  and  the  extract 
digested  with  caustic  potash,  by  which  meana  the  readily  soluble 
mixture  of  acids  was  converted  into  A^-t«trahydroi«ophthalic  acid 
(p.  307),  which,  being  very  sparingly  soluble,  is  readily  obtained  pure 
by  recrystallisation  from  water. 

SejHtration  of  A*-  and  cis-\*-Tetrahi/droiso))hthalic  Acids. 

The  crude  solid  reduction  product,  obtained  as  described  in  the 
pi-evious  section  and  which  consisted  mainly  of  the  acids  mentioned 
above,  was  dissolved  in  hot  water  and,  after  standing  for  24  hours, 
filtered  from  some  i^ophthalic  acid  and  small  quantities  of  A'-tetra- 
hydro/sophthalic  acid.  The  filtrate  was  then  concentrated  and  left  for 
several  days  until  the  crystalline  cake  which  slowly  formed  did  not 

*  We  are  indebted  to  Mr.  T.  W.  D.  Gregory  for  preparing  a  quantity  of  the 
reiluced  Viophthalie  acid  used  in  this  research. 

t  This  consisted  mainly  of  unchanged  ijophthalic  acid  and  was  used  t^in  in  a 
subsequent  reduction. 
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appear  to  increase.  After  filtering  at  the  pump,  the  mother  liquor 
was  diluted,  boiled  with  animal  charcoal,  concentrated,  and  again  left 
to  crystallise.  By  repeating  this  process  over  and  over  again,  about 
80  per  cent,  of  the  original  reduction  product  was  ultimately  obtained 
as  a  hard,  colourless,  crystalline  mass,  but  several  months  were  required 
before  the  operation  was  complete.*  The  combined  crops  of  crystals 
were  next  dissolved  in  much  water  and  boiled  for  one  hour  with  an 
excess  of  freshly  precipitated  calcium  carbonate.  After  filtering  and 
evaporating  to  a  small  bulk,  the  liquid  became  semi-solid  owing  to  the 
separation  of  the  sparingly  soluble  calcium  salt  of  A^-tetrahydroiso- 
phthalic  acid.  This  was  collected  at  the  pump,  washed  three  times 
with  small  quantities  of  water,  and  the  mother  liquor  again  evaporated, 
when  a  further  crop  of  the  same  calcium  salt  was  obtained. 

The  operation  was  repeated  many  times  and  until  no  further 
separation  of  calcium  salt  took  place ;  the  combined  crops  of  crystals 
were  then  treated  as  described  in  the  next  section. 

The  aqueous  mother  liquor  of  the  calcium  salt  was  acidified  and 
repeatedly  extracted  with  ether,  and  the  crude  cis-A^-tetrahydro/so- 
phthalic  acid  which  remained  after  distilling  off  the  ether  purified  as 
described  on  p.  310. 

A'^-Tetrahi/droisophthalic  A cid. 

In  preparing  this  acid,  the  sparingly  soluble  calcium  salt,  mentioned 
in  the  previous  section,  was  recrystallised  and  then  decomposed  by  a 
slight  excess  of  hydrochloric  acid.  The  solid  acid  was  collected  at  the 
pump  and  dissolved  in  a  little  hot  water,  from  which  it  separated  as  a 
glistening,  crystalline  powder  which,  under  the  microscope,  was  seen  to 
consist  of  striated  masses  without  definite  shape. 

0-1876  gave  03854  COg  and  0-1 010  H,0.     C  =  5G1 ;  H  =  6-7. 
0-2090    „     0-4332  CO2    „    01156  HgO.     0  =  564 ;  H  =  6-l. 
CgHjoO^  requires  C  =  56-4  ;  H  =  5-9  per  cent. 

^-•l^etrahydroisophthalic  acid  melts  at  168°  and  is  very  readily 
Roluble  in  water,  alcohol,  and  acetic  acid,  but  sparingly  so  in 
beDzeno,  chloroform,  light  petroleum,  and  concentrated  hydrochloric 
acid. 

It  is  not  very  readily  Rolul)le  in  cold  formic  acid,  and  this  solvent 
may,  with  advantage,  bo  employed  for  recrystalli.sing  the  acid. 

A   Doutral   solution   of   the  ammonium   salt    of    the   acid  is   not 

•  The  lust  mother  liquor,  from  wliich  no  fiirtlinr  cryHtuls  floparatwl  on  standing, 
wax  (ligMtctl  witli  Htron^  afjuoons  caustic  potrtsh  for  ten  minntos.  On  acidifying,  a 
considerable  qmintity  of  crude  A'-tntraliydro/sojdithnIic  acid  Hcparatcd,  and  after 
deooloriiiag  witli  animal  charcoal  an<I  twi(;u  rocryHtalllHing  from  wator  this  was 
readily  obtained  pure  (see  p.  307). 
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precipitated  by  barium  chloride,  zinc  sulphate,  or  magDesium  chloiide, 
but  lead  acetate  causes  the  separation  of  a  white,  caseous  precipitate 
whicli  is  almost  insoluble  in  water.  The  cojyper  salt  is  readily  obtained 
by  heating  the  aqueous  solution  of  the  acid  with  copper  acetate  and  is 
a  dark  green,  apparently  crystalline  precipitate,  which  is  very  sparingly 
soluble  in  water.  When  a  moderately  concentrated  and  slightly 
alkaline  solution  of  the  ammonium  salt  is  mixed  with  calcium 
chloride,  no  precipitate  is  produced  in  the  cold,  but  if  the  test-tube 
coutaiiiing  the  solution  is  placed  in  boiling  water  the  calcium  salt 
gradually  separates  in  glistening  crystals.  This  characteristic  be- 
haviour distinguishes  the  A^  from  all  the  other  teti-ahydro<«ophthalic 
acids.  A  quantity  of  the  calcium  salt  was  prepared  and  left 
exposed  to  the  air  for  a  week  before  being  analysed.  The  following 
determinations  were  then  made  with  the  air-dried  salt : 

I.  0-3332  heated  at  100^  until  constant  lost  00126,  or  3-8  per  cent., 
and  when  heated  with  sulphuric  acid  yielded  0*1726  CuSO^,  or  15  3  jier 
cent. 

II.  0-3598  heated  at  100°  until  constant  loet  0  0156,  or  4-3  per 
cent.,  and  at  150°  the  total  loss  was  0  0634,  or  17*6  per  cent.  Ou 
treatment  with  sulphuric  acid,  01870  CaSO^  resulted,  or  153  per 
cent. 

III.  0-4738,  after  drying  at  100°,  lost,  at  160°,  0-0754,  or  13-9  per 
cent.,  and  yielded  0  2556  CaSO^,  or  15  8  per  cent. 

CgH^0^Ca,2^Aq.  requires  Ca=15-8;  11^-17-8. 

These  results  indicate  that  the  air-dried  calcium  salt  has  the 
composition  CgHgOjCa,2iAq.  and  that  when  dried  at  100°  two 
molecules  of  water  remain  and  are  not  completely  expelled  until  about 
160°. 

The  silver  salt,  Cj^Hj^O^Ag.,,  was  obtained,  when  silver  nitrate  was 
added  to  the  warm  solution  of  the  calcium  salt,  as  a  white,  very 
sparingly  soluble  precipitate,  closely  resembling  barium  sulphate  in 
appearance.  After  collecting  at  the  pump,  washing  well  with  hot 
water,  and  drying  at  100^,  the  following  results  were  obtained  on 
analysis  : 

I.  0-3152  gave  0-1754  Ag.     Ag  =  55-7. 
II.  0-2826    „      01583  Ag.     Ag  =  560. 

CgHgO^Ag2  requires  Ag  =  56-2  per  cent. 

27te  Anhydride. — A--Teti-ahydi*Oi«ophthalic  acid  is  very  sparingly 
soluble  in  cold  acetyl  chloride,  but  on  boiling  in  a  reflux  apparatus 
solution  gradually  takes  place ;  and  if,  after  heating  for  two  hours,  the 
clear  solution  is  evaporated  and  the  syrupy  residue  left  over  solid 
paustic    potash    in    a    desiccator,    crystallisation    soon    commences. 

Y   2 
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The  crystals  are  drained  on  porous  porcelain  and  purified  by  re- 
crystallisation  from  a  mixture  of  benzene  and  light  petroleum, 
from  which  the  anhydride  separates  in  well-developed,  six-sided 
plates. 

0-1914  gave  04450  COg  and  0-0929  H^O.     C  =  634 ;  H  =  5-4. 
0-1731     „      0-4005  COj    „    0-0836  H.p.     0  =  63-3 ;  H  =  5-3. 
CgHgOg  requires  C  =  63-2  ;  H  =  5*2  per  cent. 

This  anhydride  melts  at  78 — 80°,  and  when  boiled  with  water  is 
rapidly  converted  into  the  acid.  It  distils  unchanged  under  25  mm. 
pressure,  and  even  under  the  oi-dinary  pressure  small  quantities  may  be 
distilled  with  only  very  slight  decomposition.  It  is  readily  soluble  in 
warm  benzene  and  chloroform,  but  rather  sparingly  so  in  cold  dry  ether 
and  in  methyl  alcohol.  The  solution  in  chloroform  is  only  very  slowly 
attacked  by  bromine. 

The  anilic  acid,  COgH'CgHg'CO'NH'OgHg,  is  readily  prepared  by 
adding  aniline  to  a  warm  solution  of  the  anhydride  in  benzene,  when  a 
considerable  rise  of  temperature  takes  place  and  crystallisation  begins 
almost  immediately.  The  voluminous  mass  of  crystals  is  collected 
at  the  pump,  washed  with  benzene,  and  recrystallised  from  dilute  acetic 
acid. 

0-1753  gave  8-6  c.c.  of  nitrogen  at  13°  and  767  mm.     N  =  5-8. 
Cj^HjjOgN  requires  N  =  5-7  per  cent. 

This  anilic  acid  crystallises  from  dilute  acetic  acid  as  a  voluminous, 
woolly  mass  of  flat  needles,  melts  at  about  190 — 192°,  and  is  readily 
soluble  in  sodium  carbonate.  When  heated,  it  loses  water  and  is  con- 
verted into  a  mixtui-e  of  substances  from  which,  by  recrystalliaation 
from  alcohol,  a  substance  insoluble  in  sodium  carbonate  and  melting 
at  218°  may  be  isolated ;  this  was  not  further  investigated. 

2-Bromoheocah/droisophthalic  Acid. — Finely  divided  A^-tetrahydrowo- 
phthalic  acid  dissolves  readily  in  fuming  hydrobromic  acid  (saturated 
at  0"),  and,  on  standing,  leafy  crystals  gradually  separate;  after 
several  days,  these  were  collected,  washed  with  hydrobromic  acid,  and 
recrystallised  from  formic  acid,  wlieu  prismatic  crystals  wore  obtained, 
which  melted  at  187 — 189"  and  consisted  of  the  above  bromo-acid.  In 
this  behaviour,  A--  differs  from  A^'-tetrnhydro-acid,  since  the  latter  is 
not  attacked  by  hydrobromic  acid  in  tlio  cold.  In  preparing  consider- 
able quantities  of  the  2-bromo-acid,  it  was  found  best  to  heat  the 
Holution  of  the  A'^-totraliydio-acid  in  hydrobromic!  acid  iti  a  sealed  tube 
ut  100' for  5  hours,  an<l  then  to  [tour  (ho  product  into  water.  TIjo 
precipitate  was  collected  and  rocryHtuIlisod  from  formic  acitl,  from  which 
it  separated  in  crustn,    which,    under   the  microscope,    were  seen    to 
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be    composed    of    prisms   like   sugar   crystals,    twin    crystals    beiog 
common. 

0-1830  gave  0-1334  AgBr.     Br  =  31-2. 

CgHijO^Br  requires  Br  =  31-8  per  cent. 

2-Bromohexahijdroisophthalic  acid  melts  at  187 — 189°  and  is  readily 
soluble  in  formic  acid  and  in  warm  water ;  fi-om  the  latter,  it  crystal- 
lises well  in  glistening  prisms.  When  boiled  with  sodium  carbonate, 
it  yields  a  substance  which  melts  at  about  190°  and  is  excessively 
soluble  in  water  ;  this  substance  was  not  further  investigated. 

2  :  3-Dibro7nohexahydroisop/Ufialic  Acid. — When  A'-tetrahydroi»o- 
phthalic  acid  is  exposed  over  dry  bromine  vapour  for  several  hours,  no 
apparent  change  takes  place.  If,  however,  the  acid  is  dissolved  in  a 
considerable  excess  of  liquid  bromine  and  the  solution,  after  standing 
for  half  an  hour,  is  poured  on  to  a  sheet  of  glass  so  tliat  the  excess  of 
bromine  may  rapidly  evaporate,  the  crude  2  :  3-dibromo-acid  remains  as 
an  ochre-coloured  ma>s.  This  was  exposeil  over  caustic  potash  in  a 
desiccator  until  the  last  traces  of  free  bromine  had  been  removed  and 
then  recrystallised  from  formic  acid. 

A  still  better  method  for  preparing  this  substance  is  the  following  : 
the  tetrahydro-acid  (2  grams)  is  suspended  in  chloroform  and,  after 
cooling  to  0°,  mixed  with  a  solution  of  bromine  (2  grams)  in  a  little 
chloroform.  The  colour  of  the  bromine  gradually  disappears,  and, 
after  standing  for  half  an  hour,  the  solution  is  poured  on  to  a  flat 
watch-glass  and  the  chloroform  and  slight  excess  of  bromine  allowed 
to  evaporate.  The  residue  is  then  recrystallised  from  formic  acid. 
Specimens  prepared  by  the  above  two  methods  gave  the  following 
results  on  analysis  : 

I.  0-2385  gave  02689  AgBr.     Br  =  47-9. 
n.  0-2146     „     0-2431  AgBr.     Br  =  48-2. 

CgHj^O^Bro  requires  Br  =  48*5  per  cent. 

2  :  ^-DibromofieMahydroisopht/ialio  acid  melts  at  about  200 — 202° 
with  decomposition. 

Several  experiments  were  made  ytith  the  object  of  preparing  a  di- 
hydroisophthalic  acid  by  the  elimination  of  2  molecules  of  hydrogen 
bromide  from  the  2  : 3-dibromo-aeid  (compare  p.  310),  but  these  were 
all  unsuccessful.  When  the  dibromo-acid  is  mixed  with  excess  of 
methyl-alcoholic  potash,  potassium  bromide  separates  at  once,  and  if 
the  solution  is  boiled,  evaporated  with  water  until  free  from  methyl 
alcohol,  and  then  acidified,  no  precipitate  separates.  Ether  extracts  a 
viscid  oil  which  gradually  crystallises,  but  froiii  which  nothing  definite 
could  be  isolated. 

Similar  results  were  obtained  with  aqueous  caustic  potash  and  with 
pyridine  and  diethylaniline. 
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Oxidation  of  A~-Tetrahi/dro\sophthalic  Acid. — A  solution  of  3  grams 
of  the  pure  tetrahydro-acid  in  1  litre  of  water  was  rendered  slightly 
alkaline  with  sodium  carbonate,  cooled  to  0°,  and  oxidised  with  a  1  per 
cent,  solution  of  permanganate,  a  stream  of  carbon  dioxide  being  passed 
during  the  whole  operation. 

After  removing  the  slight  excess  of  permanganate  with  sodium 
sulphite,  the  filtrate  and  washings  of  the  manganese  precipitate  were 
concentrated  to  100  c.c.  and  then  heated  on  the  water-bath  with 
potassium  dichromate  and  sulphuric  acid  until  oxidation  was  complete. 
The  solution  was  saturated  with  ammonium  sulphate  and  extracted 
20  times  with  ether,  the  ethereal  solution  was  evaporated,  and  the 
residue  dissolved  in  a  little  water  and  heated  in  a  sealed  tube  at  100° 
in  order  to  decompose  the  malonic  acid  derivative  which  was  evidently 
present.  The  contents  of  the  tube  were  filtered  to  remove  a  small 
quantity  of  carbonaceous  matter,  evaporated  to  a  small  bulk,  and 
tested  for  oxalic  acid,  which  was  found  to  be  absent.  On  standing 
over  sulphuric  acid  in  a  desiccator,  the  solution  yielded  crystals,  which, 
after  draining  on  porous  porcelain  and  crystallising  from  ether,  melted 
at  183°  and  consisted  of  pure  succinic  add. 

0-1031  gave  01537  CO^  and  0-0489  HgO.     C  =  40-7;  H  =  5-3. 
C^HgO^  requires  C  =  40'7;  H  =  5-l  per  cent. 

On  mixing  a  small  quantity  of  this  acid  with  succinic  acid,  no 
alteration  in  the  melting  point  was  observable. 

Conversion  of  A'^-Tetrahydro\?>ophthalic  Acid  into  A^-Tetrahydroi&o- 
jihthalic  Acid. 

I.  By  means  of  Caustic  Potash. — The  pure  tetrahydro-acid  was 
dissolved  in  strong  caustic  potash  solution  (sp.  gr.  1-25)  and  heated 
to  boiling  for  5  minutes.  On  acidifying,  a  very  sparingly  soluble  acid 
sjparated,  which,  after  recrystallisation  from  much  water,  melted  at 
238 — 242°  and  consisted  of  A'^-tetrahydroisophthalic  acid. 

01 388  gave  02872  COj  and  00755  H^O.     0  =  564;  H  =  GO. 
ChHjqO,,  requires  C  =  5G-4  ;  II  =  59  per  cent. 

II.  Jiy  means  of  Hydrochloric  Acid. — The  pure  A^-tetrahydro-acid 
(2  gram.s)  w.is  heated  with  concentrated  liydrochloric  acid  (5  c.c.)  and 
water  (5  c.c.)  in  a  sealed  tube  at  175 — 180"  for  1  hour.  No  charring 
took  place  at  this  temperature,  and  the  solution  had  deposited  a  crop 
of  almost  colourless  crystals  ;  it  was,  however,  noticed  in  a  second 
experiment  that  at  190°  there  is  a  good  deal  uf  decomposition  with 
deposition  of  flocks  of  carbon.  The  crystals  were  collected  and  recrys- 
tnllised  from  much  wator,  and    in   this  way  a  sandy  precipitate  was 
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obtained,  which  melted  at  235 — 238"^  and  consisted  of  A'-tetrahydrowo- 
phthalic  acid. 

0126  gave  02608  CO^  and  00685  H.^0.     C  =•  565  ;  H  =  60. 
CgHn^O^  requires  C  =  56-4  ;  H  =  5-9  i)€r  cent. 

A^-2'etra/ii/droiiiop/ilfuUic   Acid. 

This  acid  is  produced,  as  was  mentioned  in  the  last  section,  when 
A'^-tetrabydrot^ophthalic  acid  is  either  digested  with  strong  aqueous 
caustic  potash  or  heated  with  hydrochloric  acid  in  a  sealed  tube  at 
175  '.  It  was  also  obtained  in  considerable  quantities  in  an  experiment 
in  which  the  reduction  of  t^ophthalic  acid  with  sodium  amalgam  was 
carried  out  at  a  temperature  of  70°,  and  the  alkali  formed  was  not 
neutralised  by  passing  carbon  dioxide. 

As  a  rule,  it  was  obtained  aa  an  ochre-coloured  sandy  powder,  which 
is  very  sparingly  soluble  in  water  and  melts  at  about  237 — 240'^,  but 
by  repeated  recrystallisation  from  water  and  decolorising  with  animal 
charcoal  the  acid  becomes  colourless  and  melts  at  243 — 244°. 

Under  the  microscope,  the  crystals  are  seen  to  consist  of  character- 
istic stars  with  jagged  edges  and  the  appearance  is  quite  different  from 
that  of  any  of  the  other  tetrahydrot«ophthalic  acids. 

0-1784  gave  03703  CO^  and  00974  H,0.     C  -  566  ;  H  -  6-1. 
Cylf  jqO^  requires  C  =  5G'4  j  H  =  5'1)  per  cent. 

CSk.^-l'etrahydroi&ophthulic  acid  *  is  an  exceedingly  stable  substance 
and  is  only  slowly  decomposed  even  when  fused  with  caustic  potash, 
and  when  heated  in  small  quantities  in  a  test-tube  it  distils  apparently 
unchanged,  since  the  sublimate  melts  without  recrystallisation  at 
233 — 1'5V\  It  is  sparingly  soluble  even  in  boiling  water,  but  dissolves 
readily  in  boiling  formic  acid  (sp.  gr.  1'22)  and  separates  on  cooling  in 
glistening,  microscopic  scales  which  have  no  definite  shape.  That  it  is 
unsaturated  is  shown  by  the  fact  that  its  solution  in  sodium  carbonate 
instantaneously  decolorises  permanganate.     The   basicity  of  the  acid 

*  In  a  short  commuuicatiou  on  the  reduction  products  of  trimesic  acid  (Lawrence 
and  IVrkiu,  Proc.,  1901,  17,  48),  it  was  stated  that  tetrahydrotrimesic  acid,  when 
digested  with  acetic  anhydride,  yields  a  resinous  double  anhydride  of  trimesic  acid 
and  acetic  acid  which,  on  distillation,  loses  carbon  dioxide  with  formation  of  the 
anhydride  of  tetrahydrowt^phthalic  acid  : 

COaH  __C0 

/%  /%  (',    . 

II  — >  111 

•  COaH^y'cOjH  \/~^*^ 

The  substance  so  formed  was  obviously  the  anhydride  of  A'-tetrahydrotsophtbalic 
acid  (p.  303),  and  the  acid  obtauied  by  hydrolysiug  this  anhydride  with  caustic 
potash  and  which  melted  at  244^  was  A^-tetrahydroi^ophthalic  acid. 
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was  determined  by  titration  with  decinormal  caustic  soda,  when  0-1579 
neutralised  0-0732  NaOH,  whereas  this  amount  of  a  dibasic  acid, 
CgHjoO^,  should  neutralise  0-0743  NaOH.  A  slightly  alkaline  and 
rather  dilute  solution  of  the  ammonium  salt  of  the  acid  showed  the 
following  behaviour  with  reagents.  Silver  nitrate  gave  a  white,  caseous 
precipitate ;  calcium  chloride  gave  no  precipitate  even  on  boiling ; 
barium  chloride  also  produces  no  precipitate  in  the  cold,  but  on  boiling 
a  very  sparingly  soluble  crystalline  salt  separates,  which,  under  the 
microscope,  is  seen  to  consist  of  feathery  groups  of  needles. 

Oxidation  of  ^^-TetrahT/droisophthalic  Acid. 

(a)  With  Permanganate. — The  tetrahydro-acid  (3  grams)  was 
dissolved  in  a  little  dilute  sodium  carbonate  and  oxidised  at  the 
ordinary  temperature  by  adding,  drop  by  drop,  a  two  per  cent, 
solution  of  potassium  permanganate.  It  was  noticed  that,  when  about 
7  grams  of  permanganate  had  been  added,  the  colour  remained  even 
after  standing  for  an  hour.  The  excess  was  removed  by  sodium 
sulphite,  the  filtrate  from  the  manganese  dioxide  concentrated,  acidified, 
and  extracted  repeatedly  with  ether.  The  ethereal  solution  deposited, 
on  evaporation,  a  semi-solid  mass,  which  was  left  in  contact  with 
porous  porcelain  until  dry  and  then  recrystallised  from  dilute  acetic 
acid. 

The  sandy,  crystalline  substance  thus  obtained  did  not  melt  at  270°, 
and  consisted,  as  the  analysis  shows,  of  isophthalic  acid. 

0-1456  gave  0-3097  CO^  and  0-0510  HgO.     0  =  58-0  ;  11  =  3-9, 
CgHgO^  requires  0  =  57*8  ;  H  =  3-6  per  cent. 

(l>)  With  Nitric  Acid. — The  tetrahydro-acid  (3  grams)  was  heated  to 
boiling  with  20  c.c.  of  dilute  nitric  acid  (sp.  gr,  1-2),  wheo  vigorous 
oxidation  set  in.  After  one  hour,  the  whole  was  allowed  to  stand  for 
two  days,  and  the  crystals  which  had  separated  recrystallised  from 
dilute  acetic  acid.  In  this  way,  one  gram  of  a  sparingly  soluble  acid 
was  obtained  which  was  evidently  isophthalic  acid. 

The  nitric  acid  liquors  yielded,  on  evaporation,  oxalic  acid  and  a 
gumojy  substance  from  which  nothing  crystalline  could  be  obtained. 

Conversion  of  A'-  into  il~-Tetrahydro\sophthalic  Acid. 

A''-Tetrahydroi«ophthalic  acid  is  sparingly  soluble  in  acetic 
anhydride  in  the  cold,  but  dissolves  readily  on  warming;  the  solution 
was  boiled  for  two  houi-s,  the  bulk  of  the  acetic  anhydride  and  acetic 
acid  distilled  off,  and  the  residue  lefL  for  some  days  in  a  desiccator 
over  fiolid  caustic  potash  and  sulphuric  acid.  The  syrup  showed  nu 
signs  of  crystallising  and  evidently  consisted  of  a  double  anhydride  of 
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the  tetrahydro-acid  and  acetic  acid  since,  on  treatment  with  water,  it 
yielded  these  two  acids.  When  this  syrup  was  distilled  under  50  mm. 
pressure,  a  pale  yellow  oil  passed  over  at  ahout  210°,  leaving  a  large 
quantity  of  a  black,  resinous  substance  in  the  distilling  flask.  The 
distillate  crystallised  on  standing  and,  after  spreading  on  porous 
porcelain  and  recrystallising  from  light  petroleum,  colourless  needles 
were  obtained  which  melted  at  about  77"  and  consisted  of  the 
anhydride  of  A^-tetrahydrowophthalic  acid  (p.  303).  This  substance 
was  boiled  with  water  until  completely  dissolved  and  the  solution 
evaporated  to  a  small  bulk,  when,  on  cooling,  pure  A'-tetrahydroi«o- 
phthalic  acid  separated. 

01 4-48  gave  0-3006  CO^  and  0-0777  HjO.     C-56-6;  H-5  9. 
CjjH^yO^  requires  0='56-5  ;  H  =  5-9  per  cent. 

The  acid  thus  obtained  melted  at  168°  and  yielded  the  sparingly 
soluble  calcium  Fait  so  characteristic  of  the  A'-tetrahydro  acid, 
i-£romoft€xahydroisopfith(Uic  acid.  When  A'-tetrahydroi«ophthalic 
acid  (3  grams)  is  shaken  with  15  c.c.  of  fuming  hydrobromic  acid, 
most  of  it  dissolves  and  is  reprecipitated  unchanged  on  dilution  with 
water.  Addition  of  hydrogen  bromide  takes  place  readily,  however* 
if  the  mixture  of  acid  and  hydrobromic  acid  is  heated  for  one  day  at 
100°  and  for  a  second  day  at  125^  in  the  manner  recommended  by 
Baeyer  (^Antuden,  1888,  246,  165)  for  the  preparation  of  2-bromo- 
hexahydroterephthalic  acid  from  A'-tetrahydroterephthalic  acid. 

The  liquid  in  the  tube  was  diluted  with  5  vols,  of  water  and  allowed 
to  stand  for  some  hours,  but  only  a  trace  of  solid  separated  ;  this  was 
removed  by  filtration  and  the  solution  extracted  five  times  with  ether. 
The  ethereal  solution  was  washed  with  water,  dried  over  calcium 
chloride,  and  evaporated;  when  a  syrup  remained  which  showed  no 
signs  of  crystallisation  and,  over  sulphuric  acid  in  a  vacuum  desicca- 
tor, frothed  up  owing  to  the  escape  of  ether  vapour.  After  a  week, 
the  following  analysis  was  made  : 

0-2829  gave  02027  AgBr.     Br  =  30-6. 

CgHjjO^Br  requires  Br  =-31 -8  per  cent. 

When  this  crude  4-bromohexahydrowophthalic  acid  is  boiled  with 
sodium  carbonate  and  the  solution  acidified,  a  sparingly  soluble  acid 
separates  which  melts  at  235 — 237°  and  evidently  consists  of  A^-tetra- 
hydrotsophthalic  acid. 

3  :  4^-Dibromohe.i'ahydroiscyphthalic  Acid.  —  A^-Tetrahydrotsophthalic 
acid  is  almost  insoluble  in  chloroform,  and  is  only  very  slowly  attacked 
when  left  in  contact  with  a  solution  of  bromine  in  chloroform.  If, 
however,  the  finely  powdered  acid  is  exposed  to  dry  bromine  vapour 
for   two  days,  it  absorbs  approximately    the  calculated  quantity  of 
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bromine,  and  the  crude  3  : 4-dibromo-acid  thus  formed  may  be  purified 
by  recrystalHsation  from  formic  acid,  from  which  it  separates  as  a 
glistening  powder,  and  under  the  microscope  is  seen  to  consist  of 
stellate  groups  of  well  formed  prisms. 

0-1902  gave  0  219  AgBr.     Br  =  490. 

CgHjoO^Brg  requires  Br  =  48-5  per  cent. 

3  :  i-Dibromohexahydroisophthalic  acid  has  no  definite  melting  point, 
but,  when  rapidly  heated,  decomposes  at  about  230°  with  blackening 
and  evolution  of  gas. 

Dihydroiso2)hthalic  Acid  {1  A^*).  —  The  3  :  4-dibromo-acid  dissolves 
i-eadily  in  methyl-alcoholic  potash,  and  when  the  solution  is  boiled 
potassium  bromide  soon  separates.  If,  after  heating  for  half  an  hour, 
the  product  is  diluted  ^vith  water,  evaporated  until  free  from  methyl 
alcohol,  and  acidified,  a  veiy  insoluble  precipitate,  similar  in  appear- 
ance to  barium  sulphate,  separates.  This  was  collected  and  recrys- 
tallised  from  much  water,  from  which  it  separated  in  microscopic  stars. 
Three  different  specimens  were  analysed  and  it  is  curious  that,  in  each 
case,  the  hydrogen  determination  was  rather  higher  than  that  calcu- 
lated for  the  dihydro-acid. 

0-1508  gave  0-3159  CO2  and  0-0733  H,0.     C  =  57-1  ;  H=-. 5-4. 
0-1298     „     0-2721  CO2    „    0  0627  H^O.     C  =  57-2 ;  H  =  5-4. 
0-1718     „     O359OCO2    „    O-O834H2O.     C  =  57-0;  H  =  5-4. 
CgHgO^  requires  C  =  57-l  ;  H  =  4  8  per  cent. 

Dihydroisophthalic  acid  melts  at  about  255°  with  slight  previous 
softening,  and  is  readily  soluble  in  alcohol  or  acetone,  but  very 
sparingly  so  in  cold  water,  benzene,  ether,  chloroform,  or  light 
petroleum.  The  solution  of  the  acid  in  dilute  sodium  carbonate 
decolorises  permanganate  instantly,  but  the  dry  acid  does  not  appear 
to  be  acted  on  when  exposed  to  the  vapour  of  dry  bromine. 

cis-A'^-Tetrahi/drolso2)/U/ialic   Acid. 

The  isolation  of  this  acid  in  a  state  of  purity  proved  to  be  a 
matter  of  great  difficulty.  It  is  contained  in  the  mother  liquors 
of  the  sparingly  soluble  calcium  salt  of  the  A^-acid  (p.  302),  and, 
although  every  efl'ort  was  made  to  remove  this  salt  as  completely 
as  possible  by  crystallisation,  a  small  amount  necessarily  remained 
dissolved.  The  last  mother  liquors  of  the  calcium  salt  deposited, 
on  acidifying,  a  very  soluble  acid,  which  was  extracted  several 
times  with  other.  After  drying  over  anhydrous  sodium  sulphate, 
the  ethereal  solution,  on  evaporating,  deposited  a  syrup  which  rapidly 
crystal  lised,  and  the  mass  became  quite  hard  when  it  was  left  in 
contact  with    porouu   porcelain,     liy  repeated  recrystallisation   from 
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water,  it  was  ultimately  found  possible  to  isolate  about  10  grams  of 
an  acid  which  melted  at  about  165^,*  and  when  dissolved  in  dilute 
ammonia  and  heated  with  calcium  chloride  did  not  give  a  trace  of  the 
insoluble  calcium  salt  of  the  A^-acid  (p.  303). 

0  2092  gave  0-4332  CX)s  and  0  1156  H,0.     0  =  564;  11  =  6  1. 
CyHj^O^  requires  C  =  56  4 ;  H  -  59  per  cent. 

ch-A^J'etra/ti/ilioisopfitfialic  acid  is  very  readily  soluble  in  warm 
water,  and  separates  on  cooling  in  ill  shaped  mtissoi,  oou»itfting 
apparently  of  microscopic  bunches  of  needles  ;  it  crjttAlltSM  Iron 
formic  acid  in  glistening  ma&ies,  again  without  definite  shape. 

Conversion  o/cis-A*-  into  ik^-TetrahydroiMypliOudic  Acid. — Twograow 
of  the  c'tVA^  tetrahydro-acid  were  dissolved  in  a  little  dilute  caustic 
|)otash,  the  solution  was  then  mixed  with  10  c.r  <>f  rm^tif'  iM.fu«h  i.f 
sp.  gr.  125  and  heated  to  boiling  for  10  minut«> 

After  eva|K)ruting  nearly  to  dryne^is,  the  re>t»ivluu  was  duiolvetl  xix 
water  and  aciditied,  when  a  very  sparingly  soluble  subatanoe  separated, 
which,  after  recrystallieation  from  much  water,  melted  at  235 — 239"^ 
and  consisted  of  nearly  pure  A^-tetrahyJ  '    iialic  acid. 

Conversion  (/cis-A*-  into  X--TftraJtt/tit  ■  .  iC  acid. — This  remark- 

able change  was  brought  about  in  the  following  way  :  The  ci«-A*-acid 
(3  grams)  was  digested  with  10  grams  of  acetic  anhydride  for  3  hours, 
transferred  to  a  distilling  tlask,  and  the  acetic  acid  and  excess  of 
acetic  anhydride  distilled  off.  The  syrupy  i-esidue  was  then  distilled 
under  reduced  pressure,  when  almost  the  whole  passed  over  at  about 
180 — 210°  (50  mm.)  as  a  nearly  colourless  oil,  a  small  quantity  only 
of  a  dark  resinous  mass  being  left  in  the  flask.  The  distillate  was 
digested  with  water  until  dissolved  and  the  solution  concentrated, 
when  a  colourless  acid  gradually  separated,  which,  after  recrystallisa- 
tion,  melted  at  166—168^. 

01 0-15  gave  0-2165  CO^  and  00575  ll^O.     C  =  56-5;  H  =  6-l. 
C'yHjyO^  requires  C  =  56  4  ;  H  =  5-9  | er  cent. 

That  the  acid  thus  obtained  was  A'-tetrahydroi«ophthalic  acid  was 
proved  by  mixing  it  with  a  specimen  of  the  latter,  when  no  change  in 
the  melting  point  could  be  detected.  Furthermoi-e,  when  a  little  of 
the  acid  was  dissolved  in  dilute  ammonia  in  a  test-tube,  calcium 
chloride  added,  and  the  test-tube  placed  in  boiling  water,  the 
characteristic  sparingly  soluble  calcium  salt  of  the  A'-'-tetrahydro  acid 
soon  began  to  separate. 

4  :5-Dibromo-ci&'fiejixUiydroisopJtthalic      AciJ.  —  When      ctjf-A'-teti'a- 

*  This  melting  point  must  only  be  considered  as  approximate,  as  it  is  obvious,  for 
reasons  stated  above,  that  the  aiid  may  have  eoutaiued  traces  of  A--tetrahydroi4o- 
phthalic  acid. 
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hydroisophthalic  acid  is  exposed  over  the  vapour  of  dry  bromine,  it 
is  readily  converted  into  the  dibromo-additive  product,  and  if,  after 
standing  overnight,  the  excess  of  bromine  is  removed  by  exposure 
over  solid  caustic  potash,  the  residue  crystallises  from  formic  acid  in 
colourless  crusts  which  melt  at  220°. 

0-2652  gave  0'3009  AgBr.     Br=  481. 

08HjoO^Br2  requires  Br  =  48-5  per  cent. 

In  its  behaviour  towards  bromine  vapour,  cis-A^-tetrahydrowo- 
phthalic  acid  differs  very  sharply  from  the  A^-tetrahydro-acid,  since  the 
latter  is  scarcely  acted  on  under  the  conditions  employed  above 
(see  p.  305). 

tra.ns- A*- Tetrahydroi&opht Italic  Acid. 

This  acid  is  obtained  when  cis-A*-tetrahydroisophthalic  acid  dissolved 
in  a  little  water  is  heated  with  strong  hydrochloric  acid  in  a  sealed 
tube  at  175°  for  3  hours.  If  the  temperature  mentioned  is  not  materi- 
ally exceeded,  the  tube  will  contain  an  almost  colourless,  crystalline 
crust,  but,  at  rather  higher  temperatures,  decomposition  sets  in  with 
separation  of  black,  carbonaceous  flocks. 

The  crystals  were  collected  and  recrysballised  from  much  water,  in 
which  the  acid  is  very  sparingly  soluble.  The  sandy  powder  which 
separated,  when  examined  under  the  microscope,  was  seen  to  consist  of 
spherical  nodules. 

0-1148  gave  0-2373  COg  and  00634  HgO.     0  =  565  ;  H  =  61. 
CgllioO^  requires  0  =  564;  H  =  5'9  per  cent. 

iT2Lr\B~A^-TettahyJ/)'o\&ophth(jdic  acid  melts  at  225 — 227°  and  solidifies 
again  at  220°,  and  this  behaviour  is  not  altered  by  repeated  recrystal- 
lisation  from  water  or  formic  acid.  The  solution  of  the  acid  in  sodium 
carbonate  reduces  permanganate  instantly,  and  when  the  acid  is  boiled 
with  strong  caustic  potash  it  appears  to  be  converted  into  AMetra- 
hydrowoplithalic  acid,  but  this  requires  further  conlirmatiou. 

Some  of  the  acid  was  heated  with  fuming  hydrobromic  acid  for 
6  hours  at  100°,  and  the  clear  solution,  whicli  did  not  give  any  pre- 
cipitate on  diluting  with  water,  extracted  with  ether. 

On  distilling  off  the  ether,  a  syrupy  substance  was  obtained,  which 
cryHtallised  on  standing ;  this  was  not  further  examined. 

Tlio  remainder  of  the  acid  was  finely  powdered  and  exposed  for 
2  days  to  dry  bromine  VHpour.  The  product,  after  standing  for  some 
days  over  solid  caustic  potash  to  remove  excess  of  bromine,  was 
cryhtuilitod  from  formic  acid,  when  colourless  crusts  were  obtained, 
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which    had    no   proper   melting   point,     but   decomposed    rapidly   at 
230—235°. 

01766  gave  0-2011  AgBr.     Br  =  48-4. 

CgHj^BfjO^  requireg  Br  =  48*5  per  cent. 

This  substance  is  obviously  4  :  d-dibromo-ir^ns-hexa/it/droisophthalie 

acid. 

The  Victokia  Univebsity  of  Mancbkster. 


XXXVII.— 77ie  Influence  of  Solvents  on  the  Rotation  of 
Optically  Active  Compounds.  P<trf  VTI1.  Ethyl 
Tartrate  in  Chloroform. 

By  TuoMAS  Stewabt  Pattkrson. 

In  Walden's  interesting  lecture,  "  Ueber  das  Drehuogsvermogen 
optisch-activer  KiJrper,"  which  has  just  been  published  (Ber.,  1905, 
38,  345),  there  are  given  a  number  of  new  data  relative  to  the 
influence  of  solvents  on  the  rotation  of  optically  active  substances. 
These  include,  amongst  others,  a  few  values  found  for  the  rotation  of 
ethyl  tartrate  in  chloroform. 

Some  time  ago  I  made  a  series  of  observations  of  a  similar  but 
much  more  extensive  character  with  the  same  two  substances.  I  had, 
and  still  have,  the  intention  of  carrying  out  analogous  experiments 
with  ethyl  tartrate  and  a  number  of  other  solvents  similar  in 
character  to  chloroform,  but  as  it  is  impossible  at  present  to  say  when 
I  shall  be  able  to  realise  this  intention,  I  think  it  advisable  to  publish 
the  results  hitherto  obtained,  and  to  discuss  them  in  connection  with 
the  views  expressed  by  Walden  in  his  lecture. 

The  experimental  data  are  collected  at  the  end  of  the  paper,  and  are 
represented  by  the  curves  in  Fig.  1,  which  show  the  relationship 
between  rotation  and  temperature  for  various  concentrations. 

So  far  as  the  influence  of  temperature  change  is  concerned,  solution 
in  chloroform  has  no  very  striking  effect.  The  curves  are  all  of  much 
the  same  character,  but  it  is  to  be  noticed  that  in  dilute  solutions  the 
rotation  increases  on  heating  somewhat  more  rapidly  than  does  that 
of  the  homogeneous  ester. 

The  influence  of  varying  concentration,  however,  is  very  much  more 
marked,  the  rotation  of  the  ethyl  tartrate  being  profoundly  modified 
by  admixture  with  chloroform.  The  specific  rotation  of  the  ester, 
which  at  20"^  is  +  776'',  is  cousidoi-ably  depressed,  in  fact,  it  is  reduced 
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to  half  value,  by  the  addition  of  only  20  per  cent,  of  the  solvent. 
The  diminution  is  thus  at  first  very  rapid,  but  as  dilution  proceeds  the 
effect  gradually  becomes  less  in  such  a  manner  that  beyond  j)  =  20 
little  further  change  in  specific  rotation  occurs.     Curves  for  dilutions 

Fig.  1. 

jHutation-tcmpcralurc  curves  for  ethyl  tartrate  in  chloroform. 
+  12° 


10' 


20°  30°  40° 

Temperaiure  — >■ 


lexH  than  ;?"»9  practically  coincide  with  thu  lowest  one  shown  in 
Fig.  1.  The  variation  of  rotation  with  change  of  concentration  is 
fihown  most  clearly  by  the  upper  curve  of  Fig.  2. 

The  behaviour  is  thus  to  some  extent  similar  to  that  observed  for 
mesityleue    (Trans.,   1902,  81,   1099),    but    it   is   considerably   more 
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Fio.  2. 

Coneenlration-roUUion  and  molecular-tolution -volume  curvtafor  ethyl  tariraU  in 

chloroform. 
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pronounced.  Both  solvents  appear  to  exert  much  the  same  maximum 
effect,  but  whereas  it  is  only  in  dilute  solution  that  mesitylene  is 
capable  of  changing  the  sign  of  rotation  of  the  dissolved  ester,  97  per 
cent,  of  mesitylene  being  necessary  at  20°,  inactivity  is  produced  in  a 
mixture  containing  only  46  per  cent,  of  chloroform  at  the  same 
temperature. 

From  Fig.  1,  it  may  be  seen  that  the  curve  for^  =  8'994  cuts  the 
zero  axis  at  36'5°.  Similarly,  a  solution  of  p=19'll  becomes  inactive 
at  35-5°,  and  those  of  p  =  39-913,  p  =  60-03,  and  ^)  =  79-95  at  287°, 
16-5°,  and  -  3°  respectively.  By  plotting  these  values  on  a  diagram, 
we  find  on  extrapolation  that  an  infinitely  dilute  solution  would  be 
inactive  at  37°,  so  that  every  possible  mixture  of  ethyl  tartrate  and 
chloroform  will  have  a  positive  rotation  above  that  temperature.  By 
extrapolating  in  the  opposite  direction,  it  is  found  that  homogeneous 
ethyl  tartrate  would  become  inactive  between  -  30°  and  -  35°.  This 
last  result  affords  independent  corroboration  of  an  estimate  of  the 
temperature  of  inactivity  of  the  pure  ester,  which  was  made  in  a 
previous  paper  (Trans.,  1904,  85,  771),  the  temperature  formerly 
deduced  being  -  34°. 

Since  Walden  in  his  paper  (loc.  cit.,  386)  gives  the  compositions  of  his 
solutions  in  concentration  units  (c),  it  is  somewhat  difficult  to  compare 
his  results  with  those  recorded  here.  There  is,  however,  good  general 
agreement. 

Passing  now  to  a  consideration  of  the  cause  of  the  remarkable 
behaviour  of  chloroform  solutions  of  ethyl  tartrate,  it  will  be  seen 
that  the  present  case  is  a  very  suitable  one  from  which  to  judge  as  to 
the  applicability  of  the  suggestion  put  forward  by  the  present  author 
that  solution-volume  and  rotation  are  closely  related  phenomena.  It 
has  previously  been  shown  for  a  number  of  solvents  that  when  the 
solution-volume  of  ethyl  tartrate  diminishes  with  dilution,  a 
corresponding  increase  of  rotation  occurs,  whilst  the  opposite  also 
holds ;  if  the  solution-volume  increases  on  dilution,  the  rotation 
diminishes. 

Now,  in  the  case  of  ethyl  tartrate  ia  mesitylene  already  referred  to, 
the  value  found  for  the  specific  rotation  at  infinite  dilution  was  -  3°, 
the  corresponding  value  for  raolecular-solution-volume  being  177'4  c.c. 
(Trans.,  1902,  81,  1107).  We  should  therefore  expect  that  in  cliloro- 
form,  in  which  from  Fig.  2  the  specific  rotation  at  20°  at  infinite 
dilution  is  -3"2°,  the  limiting  value  of  the  solution-volume  should  bo 
nearly  the  same  as  for  mesitylene. 

Data  relative  to  tho  KoJution-vohune  of  ethyl  tartrate  in  cljjoroform 
will  be  found  on  pago  320.  They  are  roprosonted  by  tlio  curve  on 
the  lower  part  of  Fig.  2.  This  curve  is  as  complete  a  confirmation  of 
the  suggested  relatiousliip  as  could  be  expected  from  the  nature  of  the 
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phenomena.  Dilution  with  chloroform  gradually  increases  the 
solution-volume  of  the  ester,  the  rate  of  increase  becoming  greater  as 
the  concentration  of  the  solution  diminishes,  and  in  such  a  manner 
that  on  extrapolation  the  value  at  infinite  dilution  would  lie  between 
177  and  178  c.c.  From  the  shape  of  the  curve,  howrevej 
obviously  difficult  to  give  a  very  exact  value. 

It  may  be  noticed  that  the  behaviour  as  regards  variation  of  rota- 
tion and  of  solution  volume  with  increasing  dilution  is  different. 
The  rotation  at  first  rapidly  diminishes  to  become  almost  constant  at 
low  dilutions,  whilst  the  opposite  is  the  case  in  point  of  solution - 
volume ;  there  is  only  little  variation  in  concentrated  solutions  and 
rapid  variation  in  dilute  ones. 

It  must  be  remembered,  however,  that  it  is  only  for  the  end  values 
that  we  are  justified  in  making  any  assumptions.  At  intermediate 
concentrations,  several  factors  vary  simultaneously,  change  in  one 
masking  variation  in  another.  Such  solutions  are  at  present  an 
unknown  region,  for  the  exploration  of  which  rotation  phenomena, 
when  once  they  can  be  definitely  interpreted,  will  probably  prove  of 
the  greatest  assistance  (see  Trans.,  1901,  79,  191,  192;  1902,  81, 
1100). 

Walden  in  his  paper  {loc.  cit.,  p.  383)  attempts  to  show  that  the 
variation  of  rotation  of  ethyl  tartrate  and  some  other  active  sub- 
stances in  acetone,  methyl  alcohol,  ethyl  acetate,  benzene,  and 
chloroform,  bears  a  relationship  to  the  degree  of  association  of  the 
dissolved  substance  determined  cryoscopically  or  ebuUioscopically. 
This  question  has  already  been  fully  discussed  by  the  present  author 
(Trans.,  1901,  79,  182  ;  1902,  81,  1113),  and  little  Jieed  be  said  about 
it  here. 

The  data  given  by  Walden  are  as  follows,  the  substances  being 
aiTanged  in  order  of  diminishing  rotation  : 

M.W. 
Solvent.  t.  p.  [«]J^.  (eballioscopic). 

Methyl  alcohol     50"  17y4  13-82°  209-5 

Acetoue    50  17-3'2  13-36  209 

Ethyl  acetate  70  11-50  13-23  218-7 

Benzeuo    70  1692  12-06  3185 

Chloroform 50  9  91  108  234  8 

These  numbers  are  by  no  means  free  from  objection.  Temperature 
and  concenti-ation,  which  are  both  factors  of  great  importance,  vary 
considerably,  whilst  the  concentrations  of  the  solutions  with  which 
the  molecular  weights  were  determined  were  too  great  to  allow  of  any 
result  theoretically  justifiable.  This  is  especially  so  in  the  case  of 
benzene,  in  which,  as  the  present  author  has  shown,  ethyl  tartrate  is 
in  very  dilute  solution  a  unimolecular  substance.  Walden  suggests 
that  the  rotation  in   chloroform  may  be   reconciled  with  the  corre- 

VOL.   LXXXVII.  Z 


318   PArrERSON:  the  influence  of  solvents  on  the 

spending  molecular  weight  by  supposing  tha,t  there  is  also  a  constitu- 
tive influence  at  work,  but  this  seems  to  ascribe  too  great  a  role  to  the 
latter. 

The  following  table  gives  data,  obtained  by  the  present  author,  for 
ethyl  tartrate  in  three  of  the  above  solvents,  the  conditions  being 
exactly  similar  in  each  case  : 


[«r 

M.S.V.2»° 

Solvent 

(infinite  dilution). 

(infinite  dilution). 

Methyl  alcohol  * 
Benzene  f 
CJiloroform 

+  11-5° 
+  6-1 
-3-2 

159-3  c.c. 
1751    „ 

177-5    „ 

*  Trans.,  1901,  79,  197.  t  Trans.,  1902,  81,  1107. 

The  agreement  here  is  very  much  better,  and  if,  as  is  probably  the 
case,  a  constitutive  factor  has  to  be  reckoned  with,  it  is  at  least  not 
sufficient  to  mask  the  relationship  completely. 


Experimental. 


I.     ;^- 2-00276. 


t.  a«^(400mm.).  Density.  [0];^.  [M];,". 

5-r  -0-730°  1-5081  -6-04°  -12^44° 

6-6  -0-722  1-5070  -5-98  -12-32 

16-0  -0-460  1-4878  -386  -7-95 

19-3  -0-382  1-4815  -322  -6-63 

35-2  -0-027  1-4517  -023  -0-47 

41-2  +0-075  1-4405  +0-65  +1-34 

45-2  +0-157  1-4330  +1-36  +2-80 

52-7  +0-347  1-4190  +3-05  +628 


ir.    ;j  =  8-9947. 


HI. 


t. 

a*"  (-249-6  nun.). 

Density. 

\.<- 

14-4° 

- 1  -42° 

1  -4655 

-4-32° 

18-5 

--  1  -28 

1-4617 

-3-91 

24  1 

-0-73 

1-4480 

-2-25 

33-4 

-0-14 

1-4320 

-0-44 

38-5 

+  0-14 

1  -4230 

+  0-45 

40-3 

+  0-23 

1-4199 

+  0-71 

46-9 

+  0-59 

1-4081 

+  1-86 

;;=: 

19-119. 

t. 

a    (249-6  mm.) 

Den.sity. 

\.<' 

wr 

-2-62° 

1  -4298 

-3-85' 

15*8 

-  2-69 

1-4296 

-3-79 

22-6 

-1-62 

1-4187 

-2-39 

34-3 

-  0-12 

1  -3993 

-0-18 

87-8 

+  0-22 

1-3941 

+  0-33 

42  0 

+  0-76 

1-3840 

-t  1  15 

480 

1  I  42 

1  -3765 

)  210 

.Ml 

+  1'81 

1-3700 

+  2-77 

-8-90° 
-8-05 
,-4-63 
-0-91 
+  0-93 
+  1-46 
+  3-83 


-7 -93° 
-7-81 
-4-92 
-0-87 
+  0-68 
+  2-37 
+  4-46 
+  6-71 
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IV.     ;^  =  30-913. 


t. 

aj^  {•249-6  mm.). 

Density. 

[<• 

[Mi:. 

i-r 

-5-75" 

1-3763 

-4-20° 

-8-65' 

10-7 

-4-79 

1-3720 

-8-51 

-7-23 

19  0 

-2-37 

1  -3603 

-1-77 

-8-66 

311 

+  0-73 

1-3434 

+  0-66 

+  118 

38-4 

+  2-33 

1-3330 

+  l-7« 

+  8«8 

45-9 

+  3-92 

1-3223 

+  298 

+  614 

49-7 

+  4-70 

1-3172 

-fS-SS 

+  7-87 

52-9  +5-39  1-3123  +4-12  +8*49 

V.     ;)  =  60-036. 


t. 

•^(lOOmm.). 

Density. 

[•IC- 

[Mir. 

6-6* 

-1  (il" 

1  •3-203 

-  2-04 

-4-20' 

16-6 

-1-47 

1  3195 

-1-85 

-3  81 

-0-81 

1-3143 

-1-03 

-212 

18-0 

-0-45 

1-3114 

-0-88 

-1-19 

16-0 

-0  01 

1  -3077 

-001 

-003 

18-5 

+  0-35 

1  -3048 

+  0-45 

+  0-93 

813 

+  1-97 

1  -2892 

+  2  52 

+  5  19 

40  1 

+  2-96 

1-2782 

+  3-85 

+  7-93 

45-5 

+  3-53 

1-2718 

+  4-63 

+  9  54 

60-0 

+  4-00 

1  -2663 

+  5-26 

+  10-84 

64-7 

+  4-48 

1  ^OOS 

+  5-92 

+  12  19 

VI.     ;>  =  79y5. 


t.          0^(100  mm.).        Density.  {»f„.  [Ml^. 

4-5'  +1-47°  1-2697  +1-45''  +299' 

5-9  1-65  1"2680  163  3  36 

10-0  2-33  1-2635  2  30  4  74 

11-3  2  60  1-2620  258  5  3l 

18  0  3-54  1-2546  3  53  7  27 

29-3  5-15  1-24-20  5-19  10  69 

84-1  5-70  l-2«70  5  77  1189 

89-8  6-33  1-2305  643  13  24 

45-8  700  1-2239  712  1466 

623  7-77  12166  799  16  46 


Densities  Determined  : 
I.  II.  in.  IV.  V.  VL 

t.         d.         t. 
12-8°  1-49369  18  0° 
26-5    1-46803  318 
37  0    1-4486     38-5 
510    1-4218     540 


d. 

t. 

d. 

t. 

d. 

t. 

d. 

t. 

d. 

1-45939 

17-3° 

1  -4272 

14-5° 

1  3673 

13-5° 

1-3114 

13-7° 

1  -2598 

1-43531 

36-3 

1  -3963 

24-5 

1  -3538 

26  5 

1-2953 

25-5 

1  -2466 

1  -4-234 

51  0 

1-3712 

33  8 

1-3401 

33-2 

1  -2870 

33-5 

1-2376 

1-3956 

600 

1 -3564 

49-6 
59-3 

1-3173 
1  3033 

57-3 

1-2567 

56  0 

1-2270 

z  2 
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Molecular-solulion-volume  of  Ethyl  Tartrate  in  Chloroform  (sp.  gr. 
1-48792  at  2074°). 

[a]f.  [M]f. 

-3-20°  -6-59° 

-3-10  -6-39 

-3-15  -6-49 

-2-90  -5-97 

-1-55  -3-19 

+  0-70  +1-44 

+  3-82  +7-87 

+  7-76  +15'98 


p- 

d. 

M.S.V.2o°, 

0 



177-5    c.c. 

2-00276 

1-48016 

174-69    ,, 

8-9947 

1-45588 

172-31    „ 

19-119 

1-42274 

171-62    „ 

89-913 

1-3596 

171-20    ,, 

60-036 

1-3034 

171-11    ,, 

79-95 

1-2528 

170-96    „ 

100 

— 

170-90    ,, 

The  Univeesity, 

Glasgow. 

XXXVIII. — Studies  in  Chlorination.     The  Chlorination 
of  the  Isomeric  Chloronitrohenzenes. 

By  Julius  Berend  Cohen  and  Hugh  Garner  Bennett. 

In  a  recent  paper  by  Cohen  and  Dakin  (Trans.,  1904,  85,  1274), 
attention  was  directed  to  the  interesting  relation  which  was  found  to 
subsist  between  the  position  assumed  by  the  third  and  fourth  entrant 
chlorine  atoms  obtained  by  chlorinating  0-  and  /)-dichlorobenzenes 
and  the  six  isomeric  dichlorotoluenes  on  the  one  hand,  and  those 
occupied  by  the  two  entrant  nitro-groups  on  the  other,  and  again 
by  the  fourth  chlorine  and  nitro-group  in  the  case  of  the  1:2:  4-tri- 
chlorobenzene  and  the  six  trichlorotoluenes. 

It  was  there  proposed  to  extend  the  investigation ;  to  study  the 
chlorination  of  ?n-dichlorobenzene,  which  had  nob  previously  been 
done,  as  well  as  the  chlorination  of  the  isomeric  chloronitro-compounds 
in  order  to  see  how  far  the  agreement  held  good  when  nitro-groups 
wore  already  present  in  the  nucleus.  The  results  show  remarkable 
conformity  with  the  above  rule.  We  have  recorded  no  single  excep- 
tion. It  is  true  that  in  some  cases  small  quantities  of  isomeric 
products  were  obtained,  but  in  only  one  case,  that  of  1  : 2-dichloro- 
4-nitrobenzene,  which  offered  peculiar  experimental  difficulties  and 
cannot  therefore  be  absolutely  relied  upon,  did  the  principal  and 
secondary  products  appear  to  be  in  the  reverse  order  from  that 
roquii-('(l  liy  the  i-iilo. 

The  following  table  prcHonts  a  Hummary  of  tho  results,  the  thick 
arrow  indicating  the  principal  product  of  chlorination    where   more 
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than  one  is  formed.    The  figuren  within  the  hexagons  are  the  melting 
points  of  the  respective  compounds  : 

CI 


83' 

I  /    \    /    ^ 

CI  CI  VI  CI 


43'  .,,     88-  *  I    55'  «  «•   k-  .  «•   1 


i 


NO,  CI  NOj 

!     \  !       / 

Cl  Cl 

NO3  Cl  NOj 

\    >/ 

Cl 

Cl 

The  ihlorination  of  m-dichlorobenzene  will  be  dealt  with  elsewhere, 

when  the  whole  subject  of  the  progressive  chh  rination  of  benzene, 
now  under  investigation,  has  been  completed.  In  the  meantime  it 
may  be  stated  that  the  prediction  in  the  paper  already  referred  to 
{loc.  cit.)  has  been  completely  verified,  and  the  only  products  of 
chlorination  are  the  1:2: 4-trichloi-o-  and  the  1:2:4: 5-tetrachloro- 
benzenes. 

The  complete  tabular  summary  stands  as  follows ;  the  only 
secondary  product  recorded  in  the  table  is  the  />-dichloro-/>-dinitro- 
benzene,  the  formula  of  which  stands  on  the  right  of  the  last  line. 
The  remainder  are  the  sole  products  of  each  reaction  : 
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Experimental. 

The  method  which  we  have  used  in  chlorinating  the  nitro-com- 
pounds  has  been  to  pass  a  rapid  stream  of  chlorine  into  the  substance 
in  presence  of  antimony  pentachloiide,  which  proved  the  most  effective 
carrier  for  the  purpose.  Five  to  10  grams  of  material  were  usually 
taken  and,  according  to  the  rate  at  which  chlorinatioa  proceeded,  the 
process  was  conducted  in  the  water-bath  at  100°  or  in  the  oil-bath  at 
120 — 130°  the  higher  temperature  being  requisite,  as  the  presence  of 
a  nitro-group  materially  retards  the  rate  of  chlorination.  Above 
130°,  the  antimony  chloride  rapidly  volatilises  and  the  process  stops. 
The  time  required  varied  in  different  cases  from  3  to  6  hours.  After 
chlorination,  the  antimony  chloride  was  removed  by  shaking  with 
strong  hydrochloric  acid  and  the  product  was  dehydrated.  The  subse- 
quent treatment  depended  on  the  character  of  the  product. 

If  solid,  it  was  fractionally  crystallised  from  alcohol  ;  if  liquid,  it 
was  fractionally  distilled  m  vacuo  and  any  solid  dibtillate  recrystal- 
lised.  Any  portion  remaining  liquid  was  reduced  with  tin  and 
hydrochloric  acid  and  the  base  or  its  acetyl  derivative  examined 
and,  if  jjossiblo,  idenliHod.  Finally,  the  aminocompoiind  was  di- 
azotised  and  the  amino  group  replaced  by  chlorine.  The  halogen 
compound  or  compounds  thus  obtained  wer6  rocrystallised  and 
identified.  In  this  way  every  portion  of  the  material  vyas  submitted 
to  a  cateful  examinatioD. 
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C/dorination  of  oChloronUrobemeiie  (to.  p.  325*'). 

The  chlorication  was  conducted  at  100^,  aud  after  removing  anti- 
mony chloride  the  prcduct  was  distilled  io  bteam.  The  distillate 
solidified  and,  after  draining  on  a  porous  plate,  melted  at  27 — 40°. 
After  several  recrjstallisations  from  alcohol,  three  fractions  of  constant 
melting  point  were  isolated,  a  very  minute  quantity  erystallisiog  in 
long  needle«>  and  melting  at  58*5— 60**,  a  large  fraction  crystallising 
in  plates  and  melting  at  51—54",  and  a  third,  very  soluble,  and 
smaller  fraction  crystallising  in  needles  and  melting  at  31 — 32  5". 
The  two  larger  fractions  (m.  p.  51 — 54**  and  31—32-5'*)  were  analyacd 
with  the  following  results  : 

i.  (M.  p.  51—54^)  01 378  gaTe  02059  AgCl.     CI « 3696. 
ii.  (M.  p.  31—32-5^)  01670  gave  02543  AgCl.     CI-37-66. 
C^HjO^NCl,  requires  Cl-3700  jer  cent 

A.fter  the  above  investigation  had  been  completed,  a  paper  by  A.  F. 
Uolkiuan  appeared  (/^<c.  Trao,  Chiin.,  11)04,23,360),  in  which  the 
author,  on  chlorinating  o-chloronitrobensene,  obtained  two  substances, 
namely,  1  :  4-dichloro  2  nitrobenzene  (m.  p.  55°)  and  a  small  quantity 
of  1  :2-dichloro-3-nitrobeuzene  (m.  p.  Gl°).  The  latter  is  piobably 
identical  with  the  needles  obtained  by  us  and  melting  at  58*5 — 60°. 
Uolleman  seems,  however,  to  have  overlooked  the  presence  of 
1  : 3-dichloro-6-nitrobenzene  (m.  p.  33°).  The  principal  product  of 
the  reaction  is  undoubtedly  1  :  4-dichloro-2-uitrobenzene,  iu  which  the 
entrant  chlorine  takes  the  para-position  with  respect  to  the  chlorine 
and  the  meta  position  to  the  nitro-group. 

ChlorituUivn  o/ m  Chloranitrobenzene  (m.  p.  445°). 

Beilstein  and  Kurbatoff  {AynuUtn,  1876,  182,  103)  found  that  on 
chlorinating  nitrobenzene  in  presence  of  antimony  chloride,  t»  cblorc- 
nitrobeuzene  was  first  formed,  and  subsequently  two  dichloronitrc- 
benzenes.  The  1  : 4-dichIoro-2-nitiobeLzene  was  the  main  product,  but 
there  was  also  present  a  small  quantity  of  uncrystallisable  oil  which 
contained  a  second  isomeride,  which  they  identified  as  the  1  :  2  dichloro-3- 
nitro-compound.  This  result  has  since  been  confirmed  by  Holleman 
{loc.  cit.),  who  found  that  the  true  melting  point  of  the  second  com- 
pound is  65^.  The  quantity  of  the  latter  was  found  by  both 
observei's  to  be  very  small.  Holleman  obtained  "  only  a  few  grams  " 
from  250  grams  of  nitrobenzene.  We  have  not  repeated  the  exj^eri- 
ment  in  detail,  but  have  merely  confirmed  to  our  satisfaction  the 
results  of  the  previous  observers  as  to  the  main  product  of  the  reaction 
by  sej'arating  the  1  : 4  dichloro-2-nitrobenzene  (m.  p.  Sy*^). 
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Chlorination  of  -^-Chloronitrohenzene  (m.  p.  83°). 

The  crude  product,  after  chlorination,  melted  at  37 — 40^,  and  after 
one  crystallisation  from  alcohol  it  remained  stationary  at  40 — 41°j 
which  is  the  melting  point  of  1  :  2-dichloro-4-nitrobenzene.  As  the 
only  other  possible  product,  namely,  1  : 3-dichloro-4-nitrobenzene, 
melts  at  33°,  it  is  improbable  that  any  of  this  compound  is  present. 

0-1608  gave  0-2400  AgCl.     Cl  =  3G-88. 

C^HgOgNClg  requires  Cl  =  3700. 

Chlorination  of  1  :  2-Dic?doro-4:-nitrohenzene  (m.  p.  43*^). 

The  substance  chlorinates  very  slowly  even  at  100°.  After  removing 
antimony  chloride,  the  product  was  fractionated  in  vacuo.  The 
two  fractions  into  which  the  distillate  was  separated  were  oils  at  the 
ordinary  temperature,  but  the  less  volatile  fraction  solidified  at  0°, 
and  after  draining  melted  at  52 — 54-5°.  Nothing  of  a  definite 
character  was  obtained.  The  process  was  repeated  at  130°,  and  the 
resulting  oil,  freed  by  filtration  from  unchanged  product,  was  directly 
reduced  with  tin  and  hydrochloric  acid.  The  base  thus  obtained 
was  recrystallised  from  50  per  cent,  acetic  acid,  and  finally  from 
ligroin.  It  melted  at  87 — 93°,  and  was  converted  into  its  acetyl 
derivative,  which  melts  sharply  at  207°.  As  the  3:4: 5-trichloro- 
auiline  and  its  acetyl  derivative  were  unknown,  Mr.  P.  F.  Crosland 
kindly  prepared  them  for  us  from  jo-nitroaniline  by  the  following  series 
of  processes : 

NH2  NHo  CI  CI  CI 

ci/\ci        ci/\ci     .   ci/Nci     .  ci/Nci 


0 


\/ 

KO2  NO2  NO2  NH.^  NHAc 

M.  p.  189°.  M.  p.  7r.  M.  p.- 94— 95°.     M.  p.  207—208", 

Tlius  the  presence  of  1:2:  3-trichloro-5-nitrobenzene  was  assured. 
Ak  the  quantity  of  this  substance  did  not  appear  to  account  for  the 
whole  of  the  products  of  chlorination,  a  third  expoiimeiit  was  made 
OH  before.  Tlio  substance  obtained  after  chlorination  was  distilled 
and  two  fractionH  collected,  both  of  which  were  reduced  and  diazotised. 

After  rocrystallising  each  product  separately,  the  first  molted  at 
85 — 86°  (pentuchlorobenzene)  and  the  second  at  170 — 173°  (probably 
impure  bexachlorobeuzene).  The  chlorination  had  evidently  been 
carried  too  far.  A  fourth  chlorination,  which  was  conducted  for  a 
•horl<-r  time,  gave  a  licptid  product  wlii(;h  was  directly  reduced  and 
the  aiuino-group  replaced  by  chlorine.     The  product,  which  was  still 
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liquid,  was  frozen  and  drained  in  the  cold  and  then  at  the  ordinary 
temperature.  The  Boxall  quantity  which  remained  was  recrystallised 
and  melted  sharply  at  135 — 1375^  which  is  the  melting  point  of  the 
1:2:4: 5-tetrachlorobenzene.  Thus,  definite  proofs  of  the  existence 
of  two  trichloronitrobenzenes  were  obtained,  but  it  was  impoesible 
under  circumstances  in  which  the  substances  were  so  difficult  to 
purify  to  estimate  their  relative  quantity. 

CMorination  of  I  -A-JJichloro  2-iiitrobenzmte  {ax.  p.  55^). 

After  chlorinating  at  130^  the  product  was  purified  and  reduced. 
Only  a  part  of  the  reduced  product  dissolved  in  the  hydrochloric  acid, 
and  it  was  separated  by  filtration.  Each  portion  was  diazotised 
separately.  The  insoluble  fraction  gave  a  product  melting  at  83 — 85^, 
and  was  therefore  pentachlorobenzeue.  The  soluble  portion  gave  a 
chlorine  derivative  which  melted  at  137 — 139°,  and  was  therefore 
1  :3  :  4  :  6-tetrachlorobenzene,  which,  according  to  Beilstein  and 
Kurbatoff,  melts  at  138";  according  to  our  own  observation,  at  139°. 
The  original  compound  was  thei*efore  1:3:  4-trichloro-6-nitrobenzene. 

Chlonnation  of  1  :  Z-Dichloro-2-nitrob«m«ne  (m.  p.  33°). 

After  chlorinating  at  100°,  the  product  was  distilled  in  steam  and 
fractionated  hi  vacuo.  The  first  fraction  solidified  with  difficulty, 
and  gave  no  definite  product.  The  second  solidified,  and  after 
draining  and  crystallisation  melted  at  62 — 64°,  which  is  the  melting 
point  of  the  1:2:3: 4-tetrachloro-5-nitrobenzene.  In  a  second  experi- 
ment, at  130°  the  product  was  at  once  reduced  and  converted  into  a 
base  which  melted  at  60 — 85°. 

When  the  amino-group  had  been  replaced  by  chlorine,  the  substance 
after  crystallisation  melted  at  136 — 138°,  and  is  therefore  derived 
from  1:3:  4-trichloro-6-nitrobenzene.  No  other  compound  was  found 
to  be  present. 

Chlonnation  of  1  : 3-Dichloro-5-nitrobenzene  (m.  p.  65°). 

The  principal  object  in  chlorinating  this  compound  was  to  determine 
whether  the  position  taken  by  the  entrant  chlorine  atom  was  .situated 
between  two  chlorine  atoms  or  between  a  chlorine  atom  and  a  nitro- 
group.     It  was  the  latter  substitution  which  occurred. 

Tlie  required  material  was  prepared  from  />-nitroaniline,  which  was 
first  converted  into  the  dichloro-derivative,  and  the  amino-group  was 
then  removed. 

Chlorination  was  effected  at  130°,  and  the  product  purified  and  dis- 
tilled in  vacuo.     A  part  of  the  distillate  slowly  crystallised  and  was 


326         COHEN   AND   BENNETT:   STUDIES   IN   CHLORINATION. 

separated  by  filtration.  The  solid,  after  recrystallisation,  melted  at 
224 — 225*5°,  and  was  therefore  hexachlorobenzene  (ra.  p.  226°). 

The  fact  that  a  nitro-group  can  be  eliminated  and  replaced  by 
chlorine  is  mentioned  by  Holleman  {loc.  cit.),  and  a  similar  case  is 
described  by  Schmidt  and  Luduer  (Ber.,  1904,  37,  4402),  in  which 
9:10-bromonitrophenanthrene  and  o-bromonitrobenzene  are  converted 
into  the  corresponding  dichloro-compounds  by  heating  with  ammonium 
chloride. 

The  liquid  obtained  from  the  product  of  chlorination  described 
above  was  left  for  a  few  days,  when  a  further  quantity  of  crystals 
separated.  These  were  removed  by  filtration  and  were  fractionally 
crystallised.  A  further  quantity  of  hexachlorobenzene  was  obtained, 
and  also  a  fraction  which  crystallised  in  short,  blunt  needles  melting 
at  43 — 44'5°.  The  remaining  liquid  was  reduced  and  the  base  re- 
crystallised,  when  it  melted  at  58 — 60°.  The  acetylated  compound 
melted  at  163 — 165  5°.  The  acetyl  derivative  was  hydrolysed, 
diazotised,  and  the  amino-group  replaced  by  chlorine.  The  product, 
which  melted  at  43 — 45°,  was  sublimed  and  melted  at  45 — 47*5°. 
There  is  little  doubt  that  the  compound  obtained  was  1:2:3:  5-tetra- 
chlorobenzene,  which  melts  at  50°,  This  in  itself  is  no  evidence  of 
the  structure  of  the  original  trichloronitro-compound,  as  the  same 
product  is  obtained  from  both  of  the  possible  isomerides. 

The  structure  of  the  trichloronitro-compound  is  arrived  at  from 
the  melting  point  of  the  base  and  its  acetyl  derivative  on  indiiect 
evidence,  for  the  3:4:  5-trichloroaniline  melts  at  94 — 95°  and  its  acetyl 
derivative  at  208°.  The  base  (m.  p.  58 — 60°)  and  the  acetyl  com- 
pound melting  at  163 — 165  5°  which  we  obtained  do  not  correspond 
in  either  case  with  these  melting  points,  and  we  therefore  infer  the 
presence  of  the  second  isomeride,  of  which  the  corresponding  base 
is  unknown. 

In  conclusion,  we  wish  to  thank  the  Research  Fund  Committee  of 
the  Chemical  Society  for  a  grant  which  has  partly  defrayed  the  cost 
of  this  research. 

TiiK  Univekmit, 
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XXXIX. — Linin. 

By   James   Stuart   Hills,  Suiters'    Research   Fellow,   aud 
William  Palmer  Wynnk. 

Linum  catliarticum,  or  purging  flax,  ia  a  small  herb  growing  commoulj 
in  pastures  and  on  banks  in  the  British  Isles.  The  earliest  reference 
to  its  medicinal  use  which  we  have  been  able  to  discover  occurs 
in  "Gerard's  Herbal,"  published  in  1G33,  where  Uesuer,  of  Zuiich,  is 
({uoted  as  identifying  it,  in  1555,  with  the  helleboriue  of  the  ancients 
and  mentioning  its  extensive  use  as  a  purgative  by  the  |>easiiutry  in 
England. 

The  earliest  examination  of  the  plant  seems  to  have  been  made  by 
Pagenstecher  (Buchner'a  Repert.  J'/uirm.,  1«40,  72,  311;  1842,  76, 
313;  1843,  79,  216),  who  isolated  from  the  alcoholic  extrac^  a 
sparingly  soluble,  white  substance,  melting  at  90 — 95*^  R.,  to  wbich  the 
name  linin  was  given.  The  quantity  obtained  by  him  did  nut  admit 
of  an  analysis  being  made,  aud  the  papeis  contain  merelj  an  account 
of  the  solubility  and  colour  reactions  of  the  substance  with  a  statement 
tliat  it  has  a  bitter  taste  and  is  a  purgative. 

In  1845,  L.  A.  Buchner,  jun.  \ibid.,  88,  169),  found  that  the 
alcoholic  extract  of  the  drug,  freed  from  albuminous  matters  and 
chlorophyll,  gave  an  increased  yield  of  linin  on  the  addition  of  hydro- 
chloric or  sulphuric  acid.  This  result  led  Schroder  {Xetus  Jiepert. 
I'huriu.,  18G1,  10,  11)  to  reject  the  methoil  of  extraction  by  water  or 
alcohol,  and  to  isolate  linin  by  digesting  the  diied  herb  with  dilute 
milk  of  lime,  acidifying  the  filtrate  with  hydrochloric  acid,  and 
exti acting  the  resulting  opalescent  liquid  with  ether. 

According  to  Schiiider,  linin  when  pure  forms  lustrous,  small,  white, 
silky  crystivls,  melts  very  easily  in  a  capillary  tube,  and  has  the 
characters  assigned  to  it  by  Pagen.stecher.  The  quantity  at  his 
disj^)osal  would  only  allow  of  one  analysis  being  made,  and  a  formula 
was  not  calculated  from  the  results.  No  further  reference  to  linin, 
or  to  the  active  principle  of  Linum  cat/iarticuvi,  has  been  found  in  the 
literatuie. 

As  Schroder's  paper  is  characterised  by  an  absence  of  exact  details, 
numerous  variations  in  the  method  of  extraction  were  tried  in  the 
hope  of  increasing  the  yield  of  linin.  These  will  be  described  in 
detail  elsewhere,  and  reference  need  only  be  made  to  the  two 
processes  which  were  found  to  give  the  most  satisfactory  results  : 

(i)  The  dried  herb  was  percolated  with  93  per  cent,  alcohol,  and  the 
percolate,  after  removal  of  albuminous  matters  and  chlorophyll, 
boiled  for  an  hour  with  hydrochloric  acid.     On  cooling,  a  deposit  of 
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crude  linin  was  obtained,  and  a  further  small  amount  extracted  from 
the  filtrate  by  means  of  ether, 

(ii)  The  dried  herb  was  digested  with  one-fifth  its  weight  of  slaked 
lime  and  ten  times  its  weight  of  water  at  80 — 90°  for  six  hours,  and 
the  filtrate,  after  concentration  to  about  one-tenth  its  volume,  boiled 
for  five  minutes  with  hydrochloric  acid.  The  greater  part  of  the 
linin  separated  in  a  crystalline  form  on  cooling,  and  the  remainder  was 
obtained  by  extraction  with  ether. 

Of  the  two  methods,  the  latter  was  the  easier  to  carry  out  and 
gave  the  better  yield.  Percolation  with  alcohol,  even  when  prolonged 
for  a  week,  did  not  remove  the  whole  of  the  linin,  as  the  marc,  on 
extraction  by  the  lime  method,  afforded  an  additional  amount  of  the 
substance.  The  best  yield  obtained  by  the  lime  method  on  the  small 
scale,  with  500  grams  of  the  herb,  amounted  to  0"135  per  cent.,  and, 
on  the  large  scale,  with  21 '5  kilos.,  to  27*1  grams  of  linin  or  0"126  per 
cent. 

When  the  boiling  with  hydrochloric  acid  was  omitted,  the  alcoholic 
extract,  after  removal  of  chlorophyll  and  of  substances  precipitated  by 
lead  acetate,  gave,  on  evaporation,  a  very  bitter,  viscid,  syrupy  residue 
without  any  separation  of  linin.  Many  attempts  were  made  to 
obtain  a  crystalline  separation  from  this  residue,  but  without  success  ; 
eventually,  however,  after  the  lapse  of  several  months,  a  few  hair-like 
needles  made  their  appearance,  but  could  not  be  identified  as  linin. 
It  was  free  from  starch,  and  gave  only  a  slight  reaction  with 
Fehling's  solution,  but  when  boiled  with  hydrochloric  or  sulphuric 
acid  afforded  linin,  and  a  solution  which  readily  reduced  Fehling's 
solution  and  contained  glucose  as  shown  by  the  preparation  of  the 
osazone  (m.  p.  205°).  These  results  seemed  to  indicate  the  presence 
of  a  glucoside,  but  none  could  be  isolated,  and  no  evidence  could  be 
obtained  to  show  whether  the  linin  existed  pre-formed  in  the  syrup  or 
was  a  product  of  hydrolysis  j  *  it  may  be  added  that,  unlike  linin, 
the  syrupy  residue  was  a  purgative. 

The  purification  of  linin  was  effected  by  crystallisation  from  absolute 
alcohol,  and  finally  by  solution  in  ethyl  acetate  followed  by  precipita- 
tion with  light  petroleum.  It  crystallised  in  long,  slender,  glistening 
needles  and  melted  at  about  205°;  the  molting  point,  however, 
depended  very  much  on  the  rate  of  heating  j  for  example,  when  heated 
blowly,  linin   softened  at  about  197°,  collected  on  the  side  of   the 

•  Our  attention  haa  been  called  by  Dr.  Jowctt  to  a  similar  experience  with  the 
oquooiiH  uxtract  of  Coacaru  Itark.  Kniodin  can  be  obtained  only  with  dillleiiity  i'roni 
the  extract  by  treatment  willi  inuniHciblc  Holventa,  but  in  remlily  aepanited  after  the 
or({anic  HubiitanceH,  acting;  an  Huivents,  have  been  decomiioHcU  liy  tlui  addition  of  an 
ftcid  (Jowott,  Choniical  Examination  of  I'ascara  Hark,  I'roc.  Amer.  I'hann.  Jssoc  , 
1904).  Juwett  foiuid  that  eniodin  wan  diuNolved  l)y  the  extra(;t  of  Ca.seara  bark, 
and  wo  liud  that  liuia  U  soluble  in  the  "  syrupy  residue  "  to  a  slight  extout. 
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capillary  tube,  and  often  did  not  fuse  below  210 — 213°;  when  intro- 
duced into  tbe  bath  at  193°,  however,  it  melted  and  decomposed  at 
201 — 202°;  when  introduced  at  202°  it  melted  and  decomposetl  almost 
sharply  at  205",  and  when  introduced  at  206°  it  fused  at  once  and 
decompoeed.     On  analysis,  the  following  numbers  were  obtained  : 

01236  gave  0-2813  COj  and  006      H,0.     C- 6207  ;  H -5-39. 
0123       „     0-2796  CO2    „    00609  H,0.     C- 62  00 ;  H -5-50. 
0  1253     „     0-2856  COj    „    00623  H^O.     C  =  6216  ;  H  =  5-52. 
C23H24OJJ  requii-es  C  =  62-13;  H-5-46  per  cent. 

The  second  and  third  of  these  analyMS  were  made  by  independent 
observers.  Schroder,  accord ing» to  the  only  published  analysis,  obtained 

0  =  62-92;  11  =  4-72  percent. 

0-0716  depressed  the  m.  p.  of  11-541  benzene  0-07°.     M.W.  -447. 
0  0466         „  „         „        14-455  naphthalene  0  05°.  M.W.  =  445. 

0-8115  raised  the  b.  p.  of  11  7  c.c.  acetone  034°      V  W  « 453. 
^'i^ifii  requires  M.W.  =  444 

Linin  dissolved  fairly  easily  in  chloroform  or  acetic  acid,  but  only 
sparingly  in  methyl  or  ethyl  alcohol,  acetone,  ether,  or  benzene  in  the 
cold,  and  was  insoluble  in  light  petroleum,  water,  or  hydrochloric  acid. 
Its  alcoholic  solution  was  only  slightly  bitter  to  the  t^iste.  It  was 
neutral,  and  gave  neither  a  coloration  with  ferric  chloride  nor  a 
precipitate  Avith  tannic  acid,  lead  acetate,  or  basic  lead  acetate  in 
alcoholic  solution.  Boiling  dilute  aqueous  sodium  hydroxide  dissolved 
it,  foruiiug  a  pale  yellow  solution,  from  which  it  was  precipitated  un- 
changed on  the  addition  of  hydrochloric  or  sulphuric  acid ;  it  may, 
therefore,  be  a  lactone.  With  concentrated  sulphuric  acid,  it  gave  a 
deep  purple  coloration,  as  observed  by  Pjigenstecher,  the  colour  fading 
when  the  solution  was  kept  or  diluted  with  water,  and  a  grey  flocculent 
precipitate  being  produced.  The  solution  in  chloroform  did  not 
decolorise  bromine,  but  a  bromo-derivative,  which  could  not  be  obtained 
pure,  was  formed  by  the  action  of  bromine  on  linin  mixed  with  acetic 
acid. 

In  view  of  the  possibility  that  linin  was  formed  by  the  hydrolysis 
of  a  glucoside,  attempts  were  made  to  acetylate  it  by  means  of  acetic 
anhydride,  alone  and  with  sodium  acetate,  and  of  acetyl  chloride,  but 
without  success.  In  one  experiment  with  acetyl  chloride  a  product 
was  obtained  which  after  crystallisation  from  alcohol  melted  at  220°, 
but  after  two  more  crystallisations  at  203^.  Whether  in  this  case  an 
acetyl  derivative,  easily  hydrolysed  by  alcohol,  had  been  formed  must 
be  left  uncertain  owing  to  the  want  of  material.  A  benzoyl  deriv- 
ative could  not  be  obtained  by  the  use  of  the  Schotten-B.iumann 
method. 
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The  presence  of  methoxyl  groups  in  linin  was  established  by  the 
Zeisel  method,  the  apparatus  employed  being  of  the  form  described  by 
W.  H.  Perkin,  sen.  (Trans.,  1903,  83,  1367),  supplemented  by  the 
inclusion  of  bulbs  containing  red  phosphorus  to  prevent  traces  of 
iodine  being  carried  over  into  the  alcoholic  silver  nitrate. 

0-27      gave  0-5535  Agl.     OMe=- 27-09. 
0-3092     „     0-6423  Agl.     OMe  =  27-46. 

Cj9Hj205(OMe)4  requires  OMe  =  27-94  per  cent. 

All  attempts  to  isolate  a  definite  substance  from  the  demethylated 
residue  in  the  distilling  flask  were  fruitless. 

On  fusion  of  linin  with  12  times  its  jveight  of  potassium  hydroxide 
at  175 — 180°  for  15  minutes,  hydi'ogen  was  evolved,  and  the  product, 
after  neutralisation,  gave  an  acid  distillate,  which,  on  titration  with 
caustic  soda,  was  found  to  contain  an  amount  of  acid  equivalent,  when 
calculated  as  acetic  acid,  to  10  per  cent,  by  weight  of  the  substance 
employed.  The  acid  could  not  be  identified,  and  nothing  definite 
could  be  obtained  from  the  remainder  of  the  product. 

Pagenstecher  found  that  linin  on  treatment  with  nitric  acid  became 
reddish-brown  with  evolution  of  gas,  but  he  could  not  detect  the 
formation  of  oxalic  acid  as  a  product  of  the  oxidation.  The  behaviour 
of  linin  with  nitric  acid  of  various  strengths,  and  with  a  mixture  of 
nitric  and  sulphuric  acids,  was  studied,  and  oxalic  acid  found  to  be 
the  only  recogni.sable  product.  "With  nitric  acid  (sp.  gr.  1-28),  a  purple 
coloration  was  obtained  in  the  cold,  accompanied  by  a  brisk  evolution 
of  gas,  the  linin  dissolving  to  form  a  rod  solution. 

As  no  intermediate  product  of  oxidation  could  be  obtained  witli 
nitric  acid,  recourse  was  had  to  potassium  permanganate  as  an  oxidising 
agent.  This  was  found  to  effect  the  oxidation  most  readily  when 
added  to  a  .solution  of  linin  in  5  per  cent,  aqueous  sodium  hydroxide, 
but  the  results  wore  disappointing,  for  although  a  crystalline  substance 
molting  at  179°  and  quite  different  in  appearance  from  linin  was 
obtained  when  the  addition  of  permanganate  was  stopped  after  10 
atomic  jjroportions  of  oxygon  had  been  used,  careful  examination 
Bhowed  it  to  bo  impure  linin.  Oxalic  acid  proved  to  be  the  only 
recognisable  oxidation  product  obtained  by  the  use  of  permanganate. 

Addendum. — HJDce  this  paper  was  communicated  to  the  Society, 
Dr.  Henry  has  called  our  attention  to  the  remarkable  similarity 
Lctwecn  linin  and  picropodopliyllin,  which  was  rc-examiiiod  by  Dunstan 
and  Ifonry  in  the  course  of  their  invcKtigation  of  the  cons' titucnts  of 
Indian  >ind  American  J'ntio/i/ii/f/nvi  (TriuiH.,  185)S,  73,  213).  Tim  mean 
p<!rccntu|^e  ronipOMitioii  of  the  two  Hubstancos  is  practically  the  saujo, 
allhodgli  the  proportion  of  methoxyl  contained  iti  them  in  different. 
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Linin,  C,,B,fi„  M.  W.  444.     C  =  6208 ;  H  =  5-46  ;  OMe  -  27-28. 
Picropodophyllin,  C^.H.fi^.     C  =  61-80  ;  H  =  5-38  ;  OMe  »  21-54. 

A  determinatiou  of  the  molecular  weight  of  picropodophyllin  is  not 
recorded.  Both  substances  give  a  brorao-derivative,  yield  oxalic  acid 
as  the  only  recognisable  oxidation  product,  produce  the  same  colora- 
tions with  nitric  and  sulphuric  acids,  and  dissolve  in  alcoholic  sodium 
hydroxide,  forming  solutions  which  gelatinise  on  treatment  with  dilute 
acetic  acid.  Linin,  however,  melts  at  about  205 '  and  picropodophyllin 
at  227°,  whilst,  as  determined  by  Dr.  Henry,  to  whom  our  thanks  are 
due  for  making  the  comparison,  a  mixture  of  equal  parts  of  the  two 
melts  at  184  \  The  recognition  of  similar  non-purgative  compounds  in 
Linum  cathurticunt  and  J'udopht/llum,  and  the  failure  to  isolate  the 
purgative  principle  of  either,  renders  the  further  investigation  of  their 
proximate  constituents  of  much  interest. 

Rksearch  Laboratorv, 

Phakmaceutical  Society, 

Bloojisbi'hy  Sqi'akk,  W.C. 


XL. — The  Influence  of  Temperature  on  the  Inter- 
action between  Acetyl  Thiocyanate  and  Certain 
Bases.  Thiocai'hamides,  including  Carboxy-aromatic 
Groups. 

By  the  late  Robert  Elliott  Doran  ;  compiled  by  Augustus  Edward 

Dixon. 

Introduction  \htj  tJt/C  Compiler]. 

As  the  result  of  investigations  which  have  now  been  carried  on  for 
several  years  in  the  chemical  laboratory  of  Queen's  College,  Cork,  a  con- 
siderable body  of  evidence  has  been  accumulated,  going  to  ostablish 
amongst  certain  acyl  thiocyanates  the  existence  of  a  peculiar  kind  of 
tautomerism,  which  is  characterised  by  the  power  exhibited  by  these 
substances  of  behaving  either  as  such  or  as  thiocarbimides,  according 
to  the  conditions  under  which  they  are  caused  to  interact  (Trans.,  1904, 
85,  807).  Until  comjiaratively  recently,  it  had  not  been  suspected 
that  temperature  alone  might  be  a  determining  factor  in  these 
tautomeric  phenomena  ;  for  although  it  is  well  known  to  effect  the 
change  of   unsaturated  hydrocarbon    thiocyanates   into   the   isomeric 
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thiocarbimides,  no  such  permanent  change  has  yet  been  observed  in  the 
case  of  thiocyanates  of  distinctly  acidic  radicles. 

The  discovery  that  Miquel's  "acetyl  thiocyanate  "  [Ann.  Chini.  Phys., 
1877,  [v],  11,  295),  when  interacting  with  aniline,  behaves  at  high 
temperatures  principally  as  thiocarbimide,  whilst  at  low  temperatures  it 
exchanges  to  a  large  extent  the  thiocarbimidic  character  for  that  of  a 
thiocyanate,  occurred  fortuitously  during  the  course  of  some  experi- 
ments made  in  order  to  determine  the  capacity  possessed  by  certain 
acidic  groups  of  expelling  others  from  combination.  Acetylphenyl- 
thiocarbamide  being  required  in  connection  with  this  work,  its 
preparation  was  conducted  by  mixing  at  the  ordinary  temperature  of 
the  laboratory  benzene  solutions  of  acetyl  thiocyanate  (prepared  from 
acetyl  chloride  and  lead  thiocyanate)  and  aniline.  Forty  per  cent. 
only  was  obtained  of  the  theoretical  yield,  reckoned  from  the  weight  of 
acetyl  chloride  employed,  and  calculated  on  the  basis  of  the  equations  : 

1.  2CH3-COCl  +  Pb(SCN)2  =  PbCl2  +  2CH3-CO-NCS. 

2.  CHg-CO-NCS  +  OoH^-NHg  =  CH3-CO-NH-CS-NH-C,H5. 

A  similar  result  followed  on  repeating  the  process,  and  since  acetyl 
thiocyanate  is  somewhat  prone  to  decomposition,  during  another  experi- 
ment the  reagents  were  surrounded  by  running  cold  water.  However, 
the  effect  of  this  precaution  was  that  a  smaller  yield  was  obtained  than 
when  it  was  not  taken. 

Again  the  experiment  was  tried,  with  constituents  heated  beforehand 
to  40°  ;  a  much  better  yield  was  now  produced,  which  was  improved 
still  further  by  mixing  the  solutions  at  temperatures  near  their 
respective  boiling  points,  the  combination  in  these  circumstances  being 
somewhat  violent. 

Following  up  these  results,  an  inquiry  was  commenced  for  the 
purpose  of  determining  quantitatively  the  course  of  the  interaction  at 
different  tomp«ratures,  and  the  general  conclusions  were  summarised 
in  a  brief  preliminary  note  (Proc,  1904,  20,  20).  The  intention  was 
to  refrain  from  fuller  publication  until  sufficient  data  should  be  avail- 
able to  permit  of  the  graphic  plotting  of  the  results;  but  unhappily 
the  progress  of  this  research  has  been  interrupted  by  Mr.  Dorau's 
untimely  death. 

His  notebook,  containing  the  record  of  a  number  of  experiments 
on  iliiH  Kul)joct,  together  with  a  few  liitherto  unpublished  obsorvations 
in  connection  with  his  work  on  the  (thiorocarbonatos  (Trans.,  18!)(»,  69, 
324  ;  1901,  70,  900),  has  been  handod  to  mo  for  compilation,  in  order 
tliat  the  Hciontific  results  might  bo  preserved,  for,  iinfortunatoly, 
those  had  not  Itoon  incorporattnl  in  the  form  of  a  paper.  In  the 
prcficnt  communication,  therefore,  the  experimental  data  are  the 
author's ;  for  the  rest,  the  compiler  alone  is  responsible.     (A.  E.  D.) 
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Part  I. 
Acetyl  ThiocyanaU  and  Aniline. 

Except  in  a  few  cases,  specifically  mentioned  below,  the  general 
method  of  procedure,  when  working  at  low  or  moderate  temperatures, 
was  as  follows :  a  weighed  quantity  of  acetyl  chloride,  dissolved  in 
anhydrous  benzene,  was  heated  with  excess  of  dry  lead  thiocyanate 
until  the  solution  ceased  to  give  the  reactions  of  chlorine.  After 
separating  the  insoluble  load  salts  at  the  pump,  the  liquor  was  treated 
with  aniline,  dissolved  in  benzene,  and  added  from  a  burette  until  two 
molecular  proportions  of  base  were  present  for  each  molecular 
proportion  of  acetyl  chloride  taken,  or  until  the  odour  of  acetyl  thio- 
cyanate was  no  longer  perceptible.  After  a  short  time,  the  benzene 
mother  liquor  was  poured  off  from  the  precipitate,  and  the  solution 
allowed  to  evaporate  at  the  temperature  of  the  air  ;  the  solid  residue 
of  this  evaporation  was  variable  in  amount,  and  consisted  principally 
of  acetylpheuylthiocarbamide.  In  the  precipitate,  which  was  some- 
times oily  and  sometimes  granular,  aniline  thiocyanate  and  acetanilide 
were  found,  together  with  more  or  less  aoetylphenylthiocarbamide. 
When  operating  at  temperatures  higher  than  20^  the  constituents 
were  heated  separately  to  the  initial  temperature  of  the  experiment 
and  then  mixed  ;  where  it  was  desired  to  work  at  the  highest  tempera- 
tures attainable  in  open  vessels,  with  benzene  or  toluene  as  solvent, 
one  constituent  was  boiled  in  a  reflux  apparatus,  while  the  other  was 
allowed  to  drip  in  slowly  from  a  tap-funnel;  in  such  preparations, 
only  one  molecular  proportion  of  base  was  employed  for  each  molecular 
proportion  of  acetyl  chloride  taken,  a  further  charge  being  added 
subsequently  to  the  warm  mixture  if  any  odour  of  thiocyanate  could 
be  detected.  Usually,  in  these  cases,  little  or  no  precipitate  appeared 
until  the  solutions  were  concentrated  by  spontaneous  evaporation  at 
the  ordinary  temperature  ;  it  may  here  be  mentioned  incidentally, 
that  if  a  mixture  of  aniline  thiocyanate  with  much  benzene  is  heated 
on  the  water-bath  sufficiently  to  drive  off  all  the  benzene,  isomeric 
change  into  phenylthiourea  occurs  to  a  very  perceptible  extent. 

Without  going  into  details  concerning  the  results  of  individual 
experiments,  the  conclusions  to  which  they  lead  may  be  stated, 
qualitatively  and  quantitatively,  so  far  as  these  experiments  have  been 
carried,  in  the  following  way. 

Acetyl  thiocyanate,  when  interacting  with  aniline,  produces  always 
more  or  less  acetylphenylthiocarbamide,  and  hence  does  not  act 
exclusively  as  thiocyanate ;  neither  does  it  behave  purely  as  a  thio- 
carbamide,  for  the  products  have  never  yet  been  found  quite  free  from 
aniline  thiocyanate.  Two  processes,  in  fact,  appear  to  take  place 
simultaneously  : 

VOL.    LXXXVII.  A   A 
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(i)  An  additive-compoiind  is  formed,  thus  : 

AcNCS  +  PhNHg  =  AcNH'CS-NHPh. 
(ii)  Double  decomposition  occurs,  according  to  the  equations  : 

(a)  AcSCN  +  PhNHa  =  PhNHAc  +  HSCN,  and 

(b)  HSCN  +  PhNHg  =  PhNH2,HSCN'. 

If  the  temperature  of  interaction  is  kept  very  low,  process  (i)  is 
almost  in  abeyance,  the  action  occurring  as  in  (ii),  but  with  rising 
temperature  this  kind  of  change  becomes  less  and  less  marked,  until, 
in  boiling  benzene,  over  nine-tenths  of  the  weight  of  acetyl  compound 
present  unites  additively  with  the  aniline,  as  shown  by  equation  (i), 
to  form  the  disubstituted  thiocarbamide. 

Of  the  three  products,  namely,  aniline  thiocyanate,  acetanilide,  and 
acetylphenylthiocarbamide,  the  first  is  nearly  insoluble  in  benzene,  the 
second  is  but  sparingly  soluble  in  the  cold,  the  third  dissolves  to  a 
moderate  extent ;  in  those  cases  where  aniline  caused  direct  precipita- 
tion, the  benzene  mother  liquor  was  evaporated  to  dryness  and  the 
residue,  if  trifling,  accounted  as  thiocarbamide ;  but  if  it  amoiinted  to 
several  grams,  the  acetanilide  was  removed  by  crystallising  from  dilute 
alcohol,  in  which  the  thiocarbimide  is  but  sparingly  soluble  at  the 
ordinary  temperature.  To  separate  the  constituents  of  the  precipitate 
which  formed  in  the  benzene  solution  when  aniline  was  added,  the  dry 
mixture  was  treated  with  cold  water  until  free  from  aniline  thio- 
cyanate; the  aqueous  extract,  when  evaporated  to  dryness,  left  a 
residue,  which  was  weighed  and  considered  to  be  the  aniline  thio- 
cyanate originally  present.  In  some  experiments,  the  residue  left 
after  extraction  of  the  aniline  thiocyanate  was  dried  and  weighed 
again,  the  difference  between  the  two  weighings  being  taken  as  a 
measure  of  the  aniline  thiocyanate.  Finally,  the  residue  was  dissolved 
in  boiling  dilute  alcohol,  from  which,  on  cooling,  most  of  the  thio- 
carbamide crystallised  out,  and  was  weighed  directly ;  the  acetanilide 
was  determined,  sometimes  by  difference  and  sometimes  by  evaporating 
to  a  small  bulk  the  weak  alcoholic  solution  from  which  the  thio- 
carbamide had  been  deposited,  and  collecting  the  anilido  which 
separated  out,  the  latter  method  being  preferred,  since,  by  determin- 
ing the  melting  point  of  the  product,  it  could  bo  ascertained  whether 
the  anilide  was  tolerably  pure. 

It  need  scarcely  bo  said  that  the  methods  employed,  especially 
ihoHo  for  the  quantitative  determination  of  the  products,  are  capable 
of  yielding  only  very  rough  approximations  to  the  actual  values,  more 
particularly  as  regards  the  proportion  of  acetylphenylthiocarbamide, 
a  value  which  it  was  important  to  secure.  But  the  investigation,  so 
far  aa  it  had  gone,  amounted  to  little  more  than  a  series  of  preliminary 
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experiments,  in  which  no  greater  accuracy  was  contemplated  than 
would  suffice  to  indicate  broadly  the  course  of  the  interactions.  In 
such  a  series,  no  special  precautions  were  taken  to  secure  uniformity ; 
the  acetyl  chloride  was  used  as  purchased,  and  contained  phosphorus, 
the  aniline  was  not  freshly  distilled,  variable  weights  of  materials 
were  employed  for  interaction,  and  the  degree  of  dilution  of  the 
materials  with  benzene  was  not  measured.  Naturally,  therefore,  the 
results  present  certain  discrepancies  iu  detail,  but  not  such  as  to 
obscure  the  main  issue. 

The  following  experiments  are  arranged,  not  in  the  order  of  their 
performance,  but  according  to  the  temperatures  at  which  the  con- 
stituents were  mixed.  Moreover,  the  quantities  of  aoetyl  thiocyanate 
named  are  calculated  (save  where  the  pure  substance  was  employed) 
from  the  weight  of  acetyl  chloride  taken,  assuming  a  quantitative 
exchange  of  chlorine  for  the  thiocyanogen  group. 

No.  1. — Temperature  of  interaction  from  -  8^  to  -3°:  5*05  grams 
of  pure  freshly  distilled  acetyl  thiocyanate  and  9*3  grams  of  aniline 
yielded  135  grams  of  solid  matter ;  the  mother  liquor,  free  from  thio- 
cyanic  acid,  gave  05  gi-am  of  acetylpheuylthiocarbamide,  the  total 
weight  being  14  grams.  The  precipitate,  which  appeared  to  consist 
entirely  of  acetauilide  and  aniline  thiocyanate,  gave  on  treatment 
with  water  G  grams  of  acetanilide,  against  6  45  calculated,  after 
allowing  for  the  amount  of  thiocarbamide  obtained ;  this  leaves  7*5 
for  the  aniline  thiocyanate,  but  on  evaporating  the  solution  only 
5  grams  of  solid  were  left.  The  weight  of  acetylphenylthiocarbamide 
corresponds  to  5*2  per  cent,  of  what  the  acetyl  compound  could  yield 
if  acting  exclusively  as  thiocarbimide. 

No.  2. — ^Temperature,  -  5°  to  —  2° :  5  05  grams  of  acetyl  thiocyanate 
in  much  benzene  and  9  3  grams  of  aniline  yielded  very  little  solid, 
the  product  being  mainly  oil.  In  all,  9"7  grams  were  obtained, 
together  with  1*5  grams  from  the  mother  liquor,  the  whole  containing 
1*3  grams  of  acetylphenylthiocarbamide  (m.  p.  171 — 172").  The 
9*7  grams  of  precipitate  were  resolved  by  cold  water  into  45  grams  of 
residue,  whilst  4  "5  grams  were  left  on  evaporating  the  aqueous  extract ; 
07  gram,  therefore,  remains  unaccounted  for  in  this  process.  Acetyl- 
pheuylthiocaibamide  (1-3  grams)  would  absorb  0675  gram  of  acetyl 
thiocyanate,  leaving  4*325  grams  to  behave  as  acetylthiocaibimide ; 
this  should  give  12 "3  grams  of  mixture,  whereas  9*7  gi-ams  only  were 
obtained.  Assuming  this  mixture  to  consist  ^lely  of  thiocyanate  and 
auilide,  the  latter  would  amount  to  about  4*56  gi-ams,  whilst,  as  stated 
above,  4*5  grams  of  crude  acetauilide  were  left.  The  weight  of  acetyl- 
phenylthiocarbamide produced  corresponds  to  about  13'5  per  cent,  of 
what  could  result  if  the  yield  of  the  acetyl  compound  were  quantita- 
tive and  its  function  puiely  thiocurbimidic  (this  is  called  below  the 
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"  possible  yield "),  and  the  total  weight  of  products  accounts  for 
81  per  cent,  of  the  acetyl  chloride  used. 

No.  3. — Temperature,  -  6°  to  +  1°  (mean  about  -  2°) :  lOl  grams 
of  acetylthiocyanate  and  18"6  grams  of  aniline  yielded  20  grams  of 
solid  matter,  and  3  grams  of  acetylphenylthiocarbamide  were  found 
in  the  mother  liquor.  When  extracted  with  cold  water,  the  main  crop 
left  7  grams  of  acetanilide  not  quite  fi*ee  from  thiocarbamide,  and 
the  extract  gave  13  grams  of  residue,  mostly  aniline  thiocyanate. 
This  salt  cannot  be  evaporated  to  dryness  in  aqueous  solution  with- 
out undergoing  some  change  into  phenylthiourea.  Reckoned  as  in 
the  preceding  experiment,  the  yield  of  acetylphenylthiocarbamide 
amounts  to  about  15*5  per  cent,  of  that  possible,  and  the  total  weight 
of  products  accounts  for  some  85  per  cent,  of  the  acetyl  chloride 
employed, 

No.  4.— Temperature,  20",  rising  to  55°  (mean  about  37°):  5-05 
grams  of  acetylthiocyanate  and  7  "65  grams  of  aniline  gave  3*2  grams 
of  acetylphenylthiocarbamide,  or  about  33  per  cent,  of  the  possible 
yield  ;  in  addition,  there  were  2  grams  of  acetanilide  and  2*5  grams  of 
aniline  thiocyanate.  These  products  would  absorb  in  their  forma- 
tion 1'66  grams  of  acetyl  thiocyanate  and  0*75  and  0*83  gram  respec- 
tively of  acetylthiocarbimide,  the  total,  3  •2-1  grams,  corresponding 
to  68  per  cent,  of  the  acetyl  chloride  taken. 

No.  5. — Temperature,  40°  to  50°  (mean  about  45°) :  lO'l  grams  of 
acetyl  thiocyanate  and  14*3  grams  of  aniline  yielded  9  grams  of  acetyl- 
phenylthiocarbamide, corresponding  to  46 '5  per  cent,  of  the  possible 
yield,  and  absorbing  4'68  grams  of  acetylthiocarbimide  ;  in  addition, 
there  were  13  grams  of  mixed  auilide  and  thiocyanate,  thereby 
accounting  for  92  per  cent,  of  the  acetyl  chloride  used. 

No.  6. — Temperature,  50°  to  85°  (mean  about  67°) :  505  grams  of 
acetyl  thiocyanate  and  5*65  grams  of  aniline.  On  bringing  the  con- 
stituents together,  the  temperature  rose  quickly  to  85*^,  whereupon  the 
mixture  began  to  boil.  A  solid  mixture  (10'5  grams)  was  obtained, 
which  gave  up  to  cold  water  2*5  grams  of  aniline  thiocyanate ;  the 
remaining  8  grams  wore  resolved  into  4  grams  of  pure  recrystallised 
acetylphenylthiocarbamide  and  2  grams  of  acetanilide.  Since  the 
2*5  grams  of  thiocyanate  would  be  accompanied  by  2*8  grams  of 
acetanilide,  the  4  grams  of  recrystallised  thiocarbamide  came,  pre- 
sumably, from  5*2  grams  originally  present  in  the  mixture.  Tiiat  is, 
53*5  per  cent,  of  the  acetyl  compound,  supposing  it  to  bo  formed 
quantitatively,  has  acted  as  thiocarbimide  ;  the  remainder,  acting  as 
thiocyunato,  should  give  6*05  grams  of  mixed  anilido  and  thiocyanate, 
or  a  total  of  11"85  grams  against  the  1()5  grams  obtained.  Hence, 
in  this  cx|)eriment,  of  tbo  acetyl  chloride  employed,  about  89  per  cent. 
U  accounted  for. 
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No.  7. — 101  grains  of  acetyl  thiocyanate  and  93  grams  of  aniline, 
both  dissolved  in  benzene,  were  heated  separately  to  75"^  and  the 
solutions  mixed  in  bulk ;  the  mixture  boiled  freely,  but  nothing 
separated,  except  a  trace  of  oily  matter.  The  solution,  when  poured 
off  from  this  and  left,  slowly  deposited  10  grams  of  practically  pure 
acetylphenylthiocarbamide  (m.  p.  171 — 172^) ;  the  mother  liquor 
required  3  grams  more  of  aniline  to  destroy  the  odour  of  acetyl  thio- 
cyanate, and  by  evaporation  gave  8*5  grams  of  a  solid  containing 
very  little  thiocarbamide,  but  giving  distinctly  the  reactions  of  aniline 
thiocyanate.  The  yield  of  acetylphenylthiocarbamide  amouuU  to 
41 '5  per  cent,  of  that  possible,  whilst  77'5  per  cent,  of  the  acetyl 
chloride  taken  is  accouuted  for  in  the  total  weight  of  products 
obtained. 

The  three  following  experiments  were  conducted  by  allowing  the 
acetyl  compound  to  drip  slowly  down  a  tube,  passing  through  a 
vertical  condenser  into  a  boiling  solution  of  the  amine,  or  vice  versd  ; 
the  tem{)eratures  were  not  measured,  but  where  benzene  was  employed 
as  solvent  were  probably  not  very  far  fi"om  2>b^. 

No.  8. — 101  grams  of  acetyl  thiocyanate  in  benzene  were  pannoH 
slowly  into  a  boiling  solution  of  9*3  grams  of  aniline  in  benzene  ;  on 
cooling,  1 1  grams  of  thiocarbamide  crystallised  out,  and  the  mother 
liquor,  when  concentrated,  gave  6  grams  more  of  the  same  substanoe, 
the  total  amounting  to  about  88  per  cent,  of  the  possible  yield. 

^Vo.  9. — The  preceding  experiment  was  repeated  under  identical 
conditions,  except  that  the  amine  was  dix)pped  into  the  solution  of  the 
thiocyanate  and  the  mixture  effected  more  rapidly  :  15*5  grams  of 
acetylphenylthiocarbamide  resulted,  or  about  80  per  cent,  of  the 
possible  yield ;  in  both  this  and  the  preceding  experiment,  the  mother 
liquor  gave  marked  indications  of  thiocyanic  acid. 

No.  10. — 505  grams  of  acetyl  thiocyanate  were  used,  the  solution  of 
the  amine  (4-65  grams)  being  admitted  below  the  surface  of  the  boiling 
liquid  ;  in  this  way,  88  grams  of  thiocarbamide  were  obtained,  or 
about  91  per  cent,  of  the  ix)ssible  quantity. 

No.  11. — 5'05  gi-ams  of  pure  distilled  thiocyanate  and  4*7  grams  of 
aniline,  each  dissolved  separately  in  boiling  toluene,  were  mixed 
quickly;  the  interaction  was  very  vigorous,  and  ultimately  8  grams  of 
acetylphenylthiocarbamide  were  collected,  amounting  to  only  82o  per 
cent,  of  the  possible  yield.  The  mother  liquor  reacted  very  freely  for 
thiocyanic  acid. 

In  certain  of  the  experiments  described  above,  the  change  of  temper- 
ature during  the  intei'action  was.  so  large  compared  with  the  total 
range  brought  under  observation  that  it  is  difficult  to  connect  yield 
and  temperature  save  in  an  approximate  manner,  which  does  not 
admit  of  the  results  being  plotted  as  a  curve.     Moreover,  even  if  the 
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temperatures  were  known  within  a  few  degrees  for  each  interaction,  it 
is  doubtful  whether  the  methods  adopted  for  measuring  the  yields  of 
the  various  products  are  sufficiently  precise  to  define  its  shape. 
Nevertheless,  it  is  easy  enough  to  follow  in  a  general  way  the  effect 
produced  by  increasing  temperature  on  the  power  exhibited  by  acetyl 
thiocyanate  of  affording  a  thiocarbamide  with  aniline  ;  unfortunately, 
the  determinations  of  the  relative  quantity  of  thiocyanic  acid  formed, 
also  an  important  factor,  are  too  few  and  too  erratic  to  lend  themselves 
to  tabulation. 

As  a  basis  for  the  figures  given  in  the  following  table,  the  method 
of  calculation  adopted  is  this  :  (i)  where  the  temperature  varied  much 
during  interaction,  the  mean  value  is  taken ;  in  cases  where  boiling 
occurred,  the  temperature  thereby  attained  is  taken  as  85° ;  (ii)  it  is 
assumed  that  the  whole  of  the  acetyl  chloride  employed  in  any  experi- 
ment is  converted  into  the  corresponding  thiocyanate,  and  that  the 
latter  is  collected  without  loss  ;  (iii)  the  weight  of  acetylphenylthio- 
carbamide  obtained  is  taken  as  the  measure  of  the  quantity  of  acetyl- 
thiocarbimide  present  at  a  given  temperature,  the  percentage  of  acetyl- 
thiocarbimide  being  calculated  on  the  principle  that  a  yield  of  194 
parts  of  thiocarbamide  for  78'5  parts  of  acetyl  chloride  employed 
would  correspond  to  100  per  cent,  of  acetylthiocarbimide  existing  in 
the  "thiocyanate."  Experiments  9  and  11  have  not  been  incorpoi-ated 
in  the  table^  the  former  being  omitted  because  the  usual  order  of  mix- 
ing the  constituents  was  reversed,  and  the  latter  because  a  different 
solvent  was  employed. 


Table  allowing  the  Effect  of  Temperature  on  the  Interaction  between 
Aniline  a/nd  Acetyl  lldocyanate. 

•    Percentage 
of  acetyl 
tliiocaibimide. 
58-7 
r.i  -.5 
\        87-7 
/         1)1-0 


No.  of 
exiKirimciit 
1 
2 
8 
4 
6 


Mean  tempera*   Perceutiif^o 

turc  of  of  acetyl 

.   iuteractiou.  thiocarbimidc. 

-5"  5-2 

-4  13-4 

-2  15-5 

+  S7  33  0 

+  45  46-6 


Mean  tempera 
No.  of  turo  of 

cx2>erimeiit.   iuteractiou. 

6  +67° 

7  +80(0 

8  /B.p.  of  lu'uz. 
10       \  euo  soluliou 


Acetyl  'Thiocyanate  and  other  Bases, 
(rt)  o-Toluidim. 

Two  ezperimcnts  wore  carried  out  in  bon/.ono  Koliition. 

(i)  6'05  grams  of  acetyl  thiocyanate  were  added  slowly  to  10  7 
gram«  of  o-toluidino  at  about  -  3°,  Solid  and  oil  were  formed,  the 
lullor  being  separated  aH  far  ns  pOHHi])le  at  tlio  piunp  ;  the  residue,  a 
Hticky  mass  woigliiiig  9  grams,  when  rccrystallised  from  spirit,  gave  C 
gruiUM  uf  ucetyl-o<tolyllhiocurbauiide,  melting  at  183 — 184". 
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(ii)  This  process  was  repeated  at  the  boiling  point  with  5*05  grams 
of  acetyl  thiocyanate  and  5*5  grams  of  amine;  9*5  grams  of  crystal- 
line solid  resulted,  and  the  mother  liquor  gave  03  gram  more,  together 
with  florae  oily  droplets,  reacting  strongly  for  thiocyanic  acid.  On 
recrystallisation,  the  main  crop  gave  85  grams  of  acetyl-o-tolylthio- 
carbamide  (m.  p.  184°). 

So  far  as  can  be  judged  from  these  experiments,  temperature  h*s 
little  influence,  if  any,  between  the  limits  indicated,  on  the  combination 
between  o-toluidine  and  acetylthiocarbimide,  the  yields  of  additive 
product  amounting  respectively  to  86  5  and  more  than  91  per  cent,  of 
that  theoi-etically  possible;  the  slight  deficiency  in  the  former  case  may 
perhaps  be  due  to  the  solvent  action  of  a  quantity  of  uncombined 
o-toluidine. 

(b)  Secondary  J%mm. 

(i)  MethylanUine. — Concurrently  with  the  foregoing  experimentii, 
attempts  were  made  to  combine  acetyl  thiocyanate  with  some  second* 
ary  bases ;  the  first  of  these  selected  was  methylaniline.  Vigorous 
interaction  occurred  on  mixing  the  constituents  in  benzene  solution, 
heated  nearly  to  the  boiling  point ;  the  mixture  on  cooling  deposited 
wliite  crystals  amounting  to  about  3G  per  cent,  of  the  possible  yield. 
When  recrystallised  from  dilute  alcohol,  the  product  melted  at  93 — 94^ 
with  decomposition,  and  afforded  15*56  per  cent,  of  sulphur  against 
154  calculated  for  CiqHjjONjS.  Acetylmethylphenylthiourea  dis- 
solves very  freely  in  alcohol  and  in  benzene,  and  is  desulphurised  by 
alkaline  lead  solution  only  after  prolonged  boiling. 

(ii)  Bemylaniline. —  Combination  was  less  energetic  than  in  the  pre- 
ceding case,  but  the  yield  was  very  satisfactory,  amounting  to  more 
than  91  per  cent,  of  that  theoretically  possible.  When  recrystallised 
from  weak  spirit,  the  substance  formed  a  mass  of  fine  rhombic  crystals 
melting  at  110— IIP. 

Found,  S  =  11  23  ;  CijHi80N.3S  requires  S  =  11-26  per  cent. 

Acetylphenylbenzylthiourea  is  readily  soluble  in  hot  alcohol  or 
benzene,  moderately  so  in  cold  ;  it  is  insoluble  in  water,  and  nearly 
insoluble  in  light  petroleum. 

(iii)  Piperidine. — With  this  base,  somewhat  singular  results  were 
obtained,  of  which  a  satisfactory  explanation  is  still  wanting. 

Piperidine  (8 "5  grams),  dissolved  in  benzene,  was  dropped  slowly 
into  a  boiling  benzene  solution  of  lO'l  grams  of  acetyl  thiocyanate; 
very  vigorous  action  occurred,  and  even  while  the  liquid  was  still  hot 
a  solid  sepai'ated  in  large,  shining  plates.  On  cooling,  this  product 
was  collected ;  its  weight  amounted  to  2  grams,  and  the  substance, 
when  reci-ystallised  from  chloroform,  melted  at  95 — 96°  and  proved 
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to  be  piperidine  thiocyanate.  The  mother  liquor  reacted  strongly  for 
thiocyanic  acid,  and  was  freely  desulphurised  by  alkaline  lead  or  silver 
salts,  but  no  sign  of  solid  matter  was  observed  in  the  viscid  residue, 
even  after  very  prolonged  standing.  After  several  months,  the  residue 
was  mixed  with  alcohol,  whereupon  the  odour  of  ethyl  acetate  soon 
became  distinctly  perceptible,  increasing  gradually  to  a  maximum  and 
then  slowly  passing  off ;  meanwhile,  very  fine  large  crystals  began  to 
be  deposited,  of  which,  after  a  few  weeks,  two  grams  were  obtained ; 
they  melted,  both  before  and  after  recrystallisation,  from  a  mixture  of 
alcohol  with  benzene  at  126 — 127°,  but  proved  not  to  be  the  expected 
acetylpiperidylthiourea. 

The  pi'oduct  exhibited  the  general  properties  of  a  thiourea,  being 
readily  desulphurised,  for  instance,  by  ammoniacal  silver  nitrate  even 
in  the  cold;  but  an  analysis  gave  8  =  22*1,  whilst  the  compound 
AcN-C(SH)-NC-Hio  would  require  8  =  17-21  per  cent.  But  the  pro- 
perties, the  melting  point,  and  the  amount  of  contained  sulphur  are  all 
consistent  with  the  view  that  the  substance  is  identical  with  the 
"  piperidylthiourea  "  obtained  by  Wallach  {Ber.,  1899,  32,  1872)  from 
cyanogen  bromide,  piperidine,  and  hydrogen  sulphide.  The  experi- 
ment was  twice  repeated  with  precisely  similar  i-esults ;  in  one  case, 
every  precaution  was  taken  against  access  of  moisture  and  a  slightly 
increased  quantity  of  the  amine  was  used ;  no  difference  whatever 
was  observed  in  the  course  of  the  process,  but  ultimately  larger  yields 
of  piperidine  thiocyanate  and  the  thiourea  were  obtained,  amounting 
to  3*2  grams  of  the  former  and  40  grams  of  the  latter,  reckoned  on 
the  same  quantity  of  acetyl  thiocyanate  as  before. 

Assuming  that  acetylpiperidylthiourea  is  first  formed,  a  possible 
explanation  of  the  production  of  piperidylthiourea  is  the  following  : 

AcNH-C(SH)-NCjHio  +  EtOH  =  EtOAc  -f-  NH2-C(8H)-NC6Hio. 

Two  difficulties,  however,  stand  in  the  way  of  its  acceptance.  The 
first  is  tliat,  as  a  rule,  trisubstituted  thioureas  are  not  very  easily 
saponified,  and  therefore  it  is  scarcely  credible  that  cold  alcohol  should 
be  able  to  I'omovc  the  acetyl  group  ;  on  the  otlicr  hand,  piperidylthio- 
urea is  formed  with  exceptional  difliculty  by  the  ordinary  method,* 
and  hence  the  acetyl  derivative  might  conceivably  present  features 
differing  from  those  of  other  compounds  of  this  class.  However, 
acetylpiperidylthiourea  can  be  prepared  by  the  direct  acotylation  of 
this  supposed  piperidylthiourea,  and  its  properties  constitute  the 
second  difficulty  as  regards  tlio  suggested  explanation. 

On  warming  the  supposed  piperidylthiourea  on  tlio  water-bath  with 
excess  of  acetic  anhydride,  it  soon  dissolved,  and  crystals  sopaiMted  on 

•  The  compilor  han  made  Hcvorul  unNUccoHHfuI  utteiiipts  to  convert  piixiriiline  thio- 
cyaoftt«,  by  heating,  into  the  isomeric  thiourea. 
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cooling ;  when  recrystallised  from  boiling  water,  they  formed  long 
prisms,  easily  distinguishable  from  the  short,  thick  crystals  of  the 
parent  substance,  and  melting  at  112 — 113''.  The  new  compound 
dissolves  freely  in  alcohol  or  benzene  ;  it  is  easily  soluble  in  hot  water, 
but  sparingly  in  the  cold  solvent,  and  is  nearly  insoluble  in  light 
petroleum.  Moreover,  the  acetyl  group  is  very  tirmly  held,  for  the 
solution  was  not  desulphurised  by  ordinary  treatment  with  alkaline 
salts  of  lead  or  silver,  but  yielded  up  its  sulphur  only  after  boiling 
with  concentrated  potassium  hydroxide.  A  sulphur  determination 
gave  17*3,  the  number  calculated  for  CyHj^ON,S  being  17"21  per  cent. 
When  boiled  with  alcohol,  not  a  trace  of  ethyl  acetate  was  formed  ; 
it  is  therefore  certain  that  the  piperidylthiourea  resulting  as  described 
above  does  not  originate  through  the  action  of  alcohol  on  the  acetyl- 
piperidylthiourea  already  formed. 

(c)  Ammonia. 

In  almo.^u  u\ciy  case  hitherto  recorded  where  ammonia  interacts 
with  the  thiocyanate  of  a  fatty  acid,  little  or  no  thiourea  is  formed, 
but  the  products  of  double  decomposition,  namely,  thiocyanic  acid, 
together  with  fatty  amide  appear  instead.  The  first  experiment  of  this 
kind  was  carried  out  by  Miquel,  who  obtained  from  his  acetyl  thio- 
cyanate an  oil,  miscible  with  water  and  having  the  empirical  compo- 
sition of  acetamide  thiocyanate ;  from  this  oil,  a  very  small  quantity 
of  a  crystalline  solid  was  deposited,  which  he  conjectured  might 
possibly  be  acetylthiourea. 

Since  the  power  of  acetyl  thiocyanate  to  combine  directly  with 
aniline  is  so  greatly  enhanced  at  high  temperatures,  the  question 
naturally  arose  whether  this  might  also  be  favourable  to  its  union 
with  ammonia.  In  order  to  decide  this  point,  ammonia  gas  (not 
dried)  was  led  through  a  solution  of  the  acetyl  compound  in  boiling 
benzene ;  much  fuming  occurred,  with  separation  of  an  oil  which 
proved  to  be  ammonium  thiocyanate,  and  the  liquor  poured  off  from 
this  deposited  a  small  quantity  of  nearly  pure  acetylthiourea.  On 
repeating  the  experiment  with  8  grams  of  freshly  distilled  acetyl 
thiocyanate  in  boiling  toluene,  a  little  oil  separated,  which  presently 
crystallised  (ammonium  thiocyanate) ;  some  hydrogen  sulphide  escaped, 
and  from  the  residual  liquor  2  grams  of  acetylthiourea  were  obtained, 
or  a  little  more  than  21  per  cent,  of  the  possible  yield,  supposing  the 
acetyl  compound  to  be  purely  thiocarbimidic  in  function. 

The  above  results,  although  not  decisive,  seem  to  point  in  the  same 
direction  as  those  obtained  with  aniline. 

This  concludes  the  work  carried  out  by  the  author  (R.  R  D.)  on 
acetyl  thiocyanate. 
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Part  II. 
Garhoxyjylieuyl-  and  Carboxi/guaiacol-thiocarbamides. 

The  following  preliminary  experiments  were  carried  out  with  the 
assistance  of  samples  of  the  chlorocarbonates  derived  from  phenol  and 
from  guaiacol,  which  had  kindly  been  presented  to  the  author  by  the 
Farbenfabriken  vorm.  F.  Bayer  &  Co. 

In  order  to  prepare  carboxyphenylthiocarbimide,  phenyl  chlorocar- 
bonate,  CgH^O'COCl,  dissolved  in  benzene,  was  left  for  some  days  in 
contact  with  finely  powdered  dry  potassium  thiocyanate  until  the 
solution  ceased  to  give  the  reactions  of  chlorine ;  the  solid  was  then 
removed  at  the  pump  and  washed  with  more  benzene.  The  filtrate 
had  little  pungent  odour,  and  when  shaken  up  with  water  afforded  no 
thiojyanic  acid,  but  gave  with  alkaline  solutions  of  silver  and  lead 
salts  the  desulphurisation  reactions  indicating  the  presence  of  a  thio- 
carbimide,  and  when  treated  with  bases  combined  with  them,  evolving 
heat  and  producing  the  corresponding  additive  compounds. 

Carboxypli^nyhnethylihiocarhamide,  CgHg'O'CO'NH'OS'NH'CHg. 

By  mixing  the  benzene  solution  with  aqueous  methylamine,  diluted 
with  alcohol,  and  allowing  the  mixture  to  concentrate  by  evaporation, 
a  somewhat  oily  solid  was  obtained,  crystallising  from  alcohol,  which 
dissolves  it  moderately  easily  when  hot,  but  sparingly  in  the  cold,  in 
long,  glistening  prisms  melting  at  175 — 176°. 

0-204  gave  0228  BaSO^.     S  =  15-36 

CgHjyOjNgS  requires  S  =  15-27  per  cent. 

This  substance  is  isomeric  with  the  carboxymethylphenylthiocarb- 
aniide,  MeO-CO-NH-CS-NlIPh  (m.  p.  158°),  obtained  by  the  author 
(Trans.,  1901,  79,  908)  from  carboxymethylbhiocarbimide  and  aniline. 

CarboxyjiJienyliaoaitiylthiocarhaiidde,  CflHg •  0 •  CO •  N H •  CS- N H •  Cr,  H , , . 

Uuiug  layumylamiue,  a  solid  was  obtained  together  with  a  good 
deal  of  oil,  the  latter  being  extracted  at  the  pump  :  the  crystalline 
solid,  after  wuHliiug  with  dilute  alcohol,  molted  at  99 — 100"  and  gave 
«-  12-05  ngainat  H=  12-0;{  per  cent.,  calculated  for  Cii,H,,()oN.^S. 

Carboxywoamyiphenylthiocarbamido,  CjUjjO'CO'NH'CS'NH'CgHj 
{loc.  cit.,  p.  914),  isomeric  with  the  above  compound,  melts  at  97 — 98°. 
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Carboxi/dip/ieni/lthiocarbamide,C^}l^'0'CO'}f  H'G^'Nll'Cf^y 

Auiline  gave  the  diphenylated  derivative,  which  melted  at  148 — 149*^ 
iiud  was  easily  desulphurised  by  alkaline  lead  tartrate. 

Found,  S  =  11-78.     Ci^Hi-p.^NgS  requires  S=  1176  per  cent 

Acetylphenylthio^arbamide  (2  grams),  when  warmed  on  the  water- 
bath  with  excess  of  phenyl  chlorocarbonate,  gradually  dissolved,  whilst 
acetyl  chloride  escaped,  and  the  lesultant  mixture,  when  cooled  and 
treated  with  alcohol,  yielded  the  above  carboxydiphenyl  compound 
(1-5  grams),  melting  at  148—149^  : 

PhCO^Cl  +  AcNHCS-NHPh  =  AcCl  +  PbO'CO-NH-CS-NHPh. 

CarhoxyguaMcoljJienyltkiocarhamide, 

CHj-O-CeH^-O-CO-NH-CS-NH-C^Hj. 

This  compound,  like  the  preceding,  was  obtained  by  expelling  the 
acetyl  group  from  acetylphenylthiocarbamide,  guaiacol  chlorocarbonate 
beiog  employed  for  the  purpose.  A  solid  was  obtained,  meltiug  at 
154 — 155  and  giving  a  tine  mirror  of  galena  when  warmed  with  au 
alkaline  solution  of  lead  tartrate. 

The  composition  was  checked  by  means  of  a  sulphur  determination  : 

0-208  gave  0-159  gram  BaSO^.     S=  10-5. 

Cj.Hj^03N.,S  requires  S«=  1059  per  cent. 

By  treating  with  alcoholic  ammonia  the  solution  containing  the  pro- 
duct of  the  action  of  phenyl  chlorocarbonate  on  potassium  thiocyanato, 
a  solid  was  obtained  melting  at  169 — 170°;  it  was  desulphurised  at 
once  in  the  cold  by  ammoniacal  silver  nitrate,  and  slowly  on  boiling 
with  au  alkaline  lead  solution.  No  analysis  was  made,  but  in  view  of 
the  mode  of  preparation  and  the  properties  mentioned,  there  can  be 
little  doubt  that  this  substance  was  carboxyphenylthiourea. 

Chemical  DErAiiTMENi, 
Quekn's  College, 
CoiiK. 
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XL  I. — Pinene  i^oNitrosocyanide  and  its  Derivatives. 

By  William  Augustus  Tilden  and  Harry  Burrows. 

A  BRIEF  description  of  the  cyanide  and  some  of  its  reactions  has  been 
given  in  the  "  Preliminary  notice  of  some  new  derivatives  of  piiiene 
and  other  terpenes,"  by  the  same  authors  (Proc,  1902,  18,  161). 

Pinene  hoNitrosocyanide. — In  order  to  prepare  this  compound,  a 
number  of  flasks  are  each  charged  with  20  grams  of  pinene  nitroso- 
chloride,  8  grams  of  finely-powdered  potassium  cyanide,  and  75  c.c.  of 
alcohol  (84  per  cent.),  and  the  mixture  left  at  the  ordinary  tempera- 
ture with  frequent  shaking  for  at  least  twenty-four  hours.  Eight 
grams  of  cyanide  and  30  c.c.  of  alcohol  are  then  added,  and  the  mixture 
slowly  heated  to  the  boiling  point  and  kept  at  that  temperature  until 
the  reaction  is  finished.  Sufficient  heat  is  developed  to  keep  the 
alcohol  boiling  for  a  few  minutes.  The  mixture  is  then  poured  into 
about  six  times  its  volume  of  cold  water  and  left  for  a  few  hours. 
The  nitrosocyanide  is  precipitated,  and  may  be  purified  by  crys- 
tallisation from  alcohol.  The  niti-osochloride  yields  rather  less  than 
half  its  weight  of  the  cyanide.  The  by-products  are  viscid  and  do  not 
crystallise  even  after  long  standing. 

This  compound  crystallises  in  thick,  colourless  prisms  which  melt 
at  171°.  When  crystallised  from  ether  and  occasionally  from  other 
solvents,  it  readily  yields  large,  transparent  prisms,  which  exhibit 
triboluminescence  in  a  remarkable  degree.  On  decanting  the  mother 
liquor  from  the  crystals,  flashes  of  light  accompanied  by  a  crackling 
sound  were  several  times  noticed.  These  phenomena  seem  to  be 
dependent  on  the  size  and  transparency  of  the  crystals.  The  opaque 
crystals  which  are  often  formed  give  no  flash  when  crushed. 

This  nitrosocyanide  is  soluble  in  dilute  alkali,  and  is  unchanged  by 
boiling  with  a  concentrated  solution  of  caustic  ])otasb,  being  precipitated 
unaltered  on  addition  of  an  acid.  Boiled  with  dilute  hydrochloric  acid,  it 
yields  liydroxylamino  and  uncrystallisable  products.  It  behaves  as  a 
saturated  compound  towards  bromine,  and  is  not  oxidised  by  alkaline 
I>crmnnganate.  The  nitrosocyanide  and  its  derivatives  are  optically 
inactive. 

01948  gave  04916  CO.,  and  01436  II,,0.     0-6883  ;  H  =  819. 
0-2220     „    28-4  c.c.  moist  nitrogen  at  24°  and  766  mm.  N  =  14-47. 
C„H,jONj^  requires  C- 68-75;  H  =  8-33;  N- 14-58  per  cent. 

DisHolved  in  benzene,  it  gave  by  the  cryoscopic  method  a  molecular 
weight  188,  whilst  the  formula  Ojylii5(!NOlJ)"CN  corresponds 
with  192. 
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The  only  coiiipouiid  of  the  kind  which  appears  to  have  l>oen  investi- 
gated is  the  cyanide  obtained  by  WalUch  from  amylene  nit  resale 
(Annalen,  1888,  248,  164).  That  compound  is,  however,  fairly  easily 
hydrolysed  by  caustic  jx)tash,  yielding  the  corresponding  amide  and 
acid.  Tliis  difference  of  behaviour  can  only  be  attributed  lo  the 
difference  of  constitution  of  the  parent  hydrocarbons,  amylene  being 
an  open  chain,  whilst  pinene  has  a  cyclic  structure.  In  both  com- 
pounds, the  oxime  and  nitrile  groups  aie  in  the  ortho  position  relatively 
to  each  other. 

Melhifl  Ether  of  Pinene  xwXitroaoeyanide. —  Five  gi-ams  of  pinene  i«o- 
nitrosocyanide,  2  grams  of  caustic  soila,  and  5  grams  of  methyl  iodide 
were  dissolved  in  100  c.c.  of  methyl  alcohol  and  boiled  for  six  hourt*. 
After  evaporation  of  the  alcohol,  the  residue  was  washed  with  water  and 
crystallised  from  petroleum.  .Large,  colourless  prisms  were  obtained 
melting  at  (S1^. 

02G11  iiiwe  31-4  c.c.  moist  nitrogen  at  19°  and  750  mm.  N-  13  64. 
CjjHjgON.^  requires  N=  13  60  jjer  cent. 

Benzoyl  Ester. — Treated  with  benzoyl  chloride  and  caustic  soda,  the 
cyanide  yields  a  l>enzoyl  derivative  which,  after  crystallising  from 
alcohol,  melts  at  102°. 

Aitro-compound,  C\qII^^(SO.,)/C'S. — When  pinene  tVoniti-oso- 
cyanide  is  added  to  a  cooled  mixture  of  equal  volumes  of  nitric  acid 
(sp.  gr.  142)  and  acetic  anhy<liide,  it  dissolves  with  evolution  of 
red  fumes,  and  on  diluting  with  water  a  compound  is  precipitated 
which  may  be  crystallised  from  a  mixture  of  ether  and  light  petroleum. 
It  melts  at  105°  with  evolution  of  red  fumes.  This  compound  responds 
to  Liebermann's  test,  but  is  insoluble  in  aqueous  alkalis.  The  same 
comjMDund  is  produced  when  gaseous  nitrogen  peroxi<le  is  passe^l  into  a 
cooled  solution  of  the  cyanide  in  chloi-oform. 

01 187  gave  02258  CO^  and  00676  H.p.     C  =  51  87  ;  H  =  6-35. 
0-1241    „    18-4  c.c.  moist  nitrogen  at  17°  and  757  mm.  N=  17-07. 
CjiHijO^Na  retjuires  C  =  5217  ;  H  =  5-92  ;  N  -  16-60  per  cent. 

Dissolved  in  benzene,  it  gave,  by  the  cryoscopic  method,  the  molecular 
weight  248  :  the  above  formula  requires  254. 

When  the  nitro-compound  is  i-educed  by  zinc  and  acetic  acid  or  by 
hydrogen  sulphide,  the  original  tsonitrosocyanide  is  reprotluced.  Reduc- 
tion by  sodium  and  alcohol  leads  to  the  evolution  of  much  ammonia 
and  formation  of  pinylamine.  These  reactions  appear  to  indicate  that 
in  the  formation  of  this  compound  the  oxime  group  is  oxidised,  and 
that  the  second  nitro-group  is  attached  to  the  same  carl)on  atom  as  the 

tirst,   '.CIN'OH  becoming  'C^v^-j^q-. 
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Pinene  i&oNitrosocarhoxylamide,  CjqH^^(!N0H)*C0*NH2. — A  solution 
of  the  cyanide  in  three  to  four  times  its  weight  of  concentrated  sul- 
phuric acid,  kept  at  a  temperature  about  80°  for  two  hours,  yields  this 
compound,  with  little  loss,  on  diluting  the  acid  with  water.  The 
mother  liquor  gives  a  small  additional  quantity  of  the  amide,  and 
a  small  purple  precipitate  which  is  soluble  in  alcohol,  forming  a  bright 
red  solution.  The  amide  crystallised  from  alcohol  yields  colourless 
prisms  which  melt  at  220°  with  decomposition.  The  amide  is  slightly 
soluble  in  dilute  alkali,  but  is  unaltered  by  strong  boiling  caustic 
soda.  It  is  soluble  in  concentrated  hydrochloric  acid,  and  is  partly 
precipitated  unchanged  on  dilution  with  water.  It  is  unaffected  by 
bromine  or  alkaline  hypobromite. 

I.  0-1132  gave  0-2602  CO.,  and  0-0857  HgO.    C  =  62-67  ;  H  =  8-41. 
II.  0-1712     „     0-3943  CO2    „    0-1318  HgO.    C=  62  80  ;  H^S-oS. 

III.  0-2629     „     32-6  c.c.  moist   nitrogen  "at    24-5°  and   767  mm. 

N=  13-78. 

IV.  0-1901    gave   22-7    c.c.    moist   nitrogen   at   24°  and  762  mm. 

N  =  13-43. 
Cj^HisOoNj  requires  C  =  62-85  ;  H  =  8-57;  N  =  13-3. 

Methyl  Ether,  CioHi5(:NO'CH3)-CO-NH2.— Prepared  in  the  same 
manner  as  the  ether  of  the  cyanide,  it  crystallises  from  methyl  alcohol 
in  large,  colourless  prisms  melting  at  145".  The  same  compound  is 
obtained  when  the  caustic  soda  in  the  process  is  replaced  by  silver 
oxide. 

0-1230  gave  14-4  c.c.  moist  nitrogen  at  25°  and  764  mm.     N  =  12-6. 
CigHgoOgNo  requires  N  =  12-5  per  cent. 

Benzoyl  Ester,  C,oHi^(:NO'C7H50)-CO-NH2.— This  compound  was 
prepared  by  the  aid  of  benzoyl  chloride  and  caustic  soda  in  the  \isual 
manner.  It  forms  colourless  crystals  which  melt  at  197^^,  and  on 
saj)onification  by  means  of  alcoholic  soda  yield  the  unaltered  amide. 
The  benzoyl  compound  is  incapable  of  interacting  with  methyl  iodide 
and  silver  oxide. 

0-1200  gave  10-6  c.c.  moist  nitrogen  at  25°  and  764  mm.     N  -  905. 
Cj^Hj-jOgNj  requires  N  — 8*91  per  cent. 

Pioone  t«onitroHocarl)Oxylic  acid  corresponding  with  the  amide  has 
not  bfHin  obtained.  When  the  amide  is  heated  to  100°  with  about  four 
tiiiies  its  weight  of  20  per  cent,  hydrochloric  acid,  it  di.ssolvos,  and 
after  a  time  a  viscid  oil  .separates  in  considorabh'  ipiantity.  The  ncid 
Holution  evaporated  to  di-yness  leaves  abiuulanco  of  ammonium 
chloride  inixe<l  with  unchanged  amide.  On  distillation  in  steam,  part  of 
the  oil  paHses  over  an<l  forms  a  nearly  coloui'loss  licpiid  wliich  floats  in\ 
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water  and  is  very  soluble  in  alkalis.  It  contains  no  nitrogen  and 
appears  to  consist  of  the  ketonic  acid  OICjqHjj'COjH,  which  would 
result  from  the  hydrolysis  of  both  the  amide  and  oxime  groups.  No 
crystalline  compounds  could  be  obtained  from  it,  nor  would  it  react 
with  hydroxylamine  in  alkaline  solution.  It  gives  no  colour  with 
ferric  chloride. 

Pine^ie  (Utrhoxylic  Amide  Ps&udoxime  or  Ixtctam. — When  a  solution  of 
the  amide  in  concentrated  sulphuric  acid  is  heated  to  100°  for  about 
six  hours,  a  further  change  occurs,  and  the  colour  of  the  solution 
darkens  considerably.  Care  is  necessary  to  avoid  any  rise  of  tem|)era- 
ture  above  100',  otherwise  the  product  is  destroyed  with  evolution  of 
sulphur  dioxide.  On  diluting  the  liquid  with  water  and  neutralising  with 
ammonia,  crystals  are  deposite<l  which,  after  recrystalligation  from 
alcohol,  melt  at  209^.  This  compound  has  the  8ame  composition  a.H 
the  amide,  together  with  a  molecule  of  water  of  crystallisation.  It  is 
insoluble  in  cold  alkali,  but  on  boiling  with  concentrateil  solution  of 
caustic  soda  it  gradually  dissolves,  while  ammonia  is  evolved.  It  gives 
no  methyl  derivative. 

I.  01 274  gave  02672  CO,  and  0101 4  H,0.     C  =  57-3  ;   H  =  8-86. 
11.01670     „     0-3564  CO,    .,    01304  H,0.     C  =  58-2;   H  =  867. 

III.  01572     „     1 7  c.c.  moist  nitrogen  at  16^  and  769  mm.  N  =  12-75. 

IV.  01 736  at  110°  lost  00142,  and  0  2294  at  110°  lost  0  0186. 

H,0  =  8-l  and  81. 
C,iH„02N.„ll20  requires  C  =  57-9;  H  =  8-7:  X=  12-28;  H,0  =  7-9 

per  cent. 

Pinene  Carhoxylic  Acid  Pseudoxinia  or  Lactam. — This  compound  is 
obtained  by  boiling  the  amide  just  described  with  concentrated  aqueous 
solution  of  caustic  soda  till  evolution  of  ammonia  ceases,  then  neutral- 
ising with  hydrochloric  acid.  The  acid  recrystallised  from  alcohol 
forms  small,  colourless  prisms  which  contain  water  of  crystallisation 
and  melt  at  220°.     Its  alkali  salts  are  very  soluble  in  water. 

The  acid  does  not  react  with  hydroxylamine  in  alkaline  solution. 

I.  0-2012  heated  at  110^  lost  00156.*    H20  =  7-75. 
II.  01850  gave  0-3870  CO^  and  01 373  H,a     C  =  5705  ;  H  =  8-25. 
III.  0-1059     „     0-2210  COo"    „    0  0796  H^O.     C  =  5692  ;  H  =  8-35. 
V\.  01 678     ,,     90  C.C.  moist  nitrogen  at  18°  and  765  mm.    N  =  624. 
C„Hi-0yN,H20    re^iuires    H^O-7-86;    C  =  57-6;  H  =  8-29;  N  =  6-ll 

per  cent. 
0-4829  titrated  with  .V/10  caustic  soda  required  for  its  neutralisation 
20  c.c,  corresponding  with  O'SOO  NaHO,  instead  of  0-843  as  required 
by  theory. 

Salts. — The  acid  suspended  in  absolute  alcohol  and   saturated  with 
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ammonia  gas  dissolves,  and  the  solution  by  sppntaneous  evaporation 
leaves  flat  prisms  of  the  ammonium  salt.  The  ammonium  salt,  dis- 
solved in  water  and  mixed  with  the  calculated  amount  of  silver 
nitrate,  gives  the  silver  salt  as  a  white,  crystalline  precipitate  which  is 
somewhat  sensitive  to  light. 

0"3214  gave  on  heating  0*1088  of  silver  corresponding  with  33'85 
per  cent.:  C^iHjQOgNAg  requires  Ag  =  33'96. 

The  methyl  ester  was  prepared  from  the  silver  salt  by  action  of 
methyl  iodide  diluted  with  ether.     It  melts  at  132°. 

0-1 190  gave  6-8  c.c.  moist  nitrogen  at  23°  and  756  mm.     N"  =  6-37. 
CjoHjgOgN  requires  N  =  6"22  per  cent. 

When  the  acid  is  heated  to  about  120°  with  20  per  cent,  hydro- 
chloric acid,  a  colourless  solution  is  formed,  which,  on  evaporation  to 
dryness,  gives  a  white,  crystalline  residue  soluble  in  water.  No  gas  is 
evolved  on  opening  the  tube.  The  compound  crystallises  from  water 
in  long  prisms,  and  was  found  to  consist  of  the  hydrochloride  of  an 
amino-acid. 

After  drying  at  100°,  the  crystals,  by  direct  titration  with  silver 
nitrate,  were  found  to  contain  13'64  per  cent,  of  chlorine.  The 
formula  CjjHj^0.jN,HCl  requires  01=13-37  per  cent. 

An  attempt  to  obtain  this  compound  by  heating  the  amide,  instead 
of  the  acid,  with  hydrochloric  acid  failed,  as  only  uncrystallisable 
products  were  formed.  This  amino-acid  is  now  undergoing  inves- 
tigation. 

Tfieoretical. 

Pinene  being  represented  by  the  following  expre.ssion, 

the  nitroBOchloride  and  compounds  derived  from  it  may  be  represented 
by  the  following  formulae  :         * 

Nitroaochloride  (bimolecular),    CCl 

-CHa-CH-NO 

t«oNitrosocyanido  (m.  p.  171",  unimolccular),    C-CN     . 

-OHj'CINOH 

Amide  (m.  p.  220"),    C-CO-NII,  . 

-cii,-c:noil 
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Ketonic  acid  (oil),    C-COoH  , 

-CHa'CO 

Amide  pseudoxime  (m.  p.  209"), 

CH,  CH. 

I        3  I        3 


T  -  or  I  ' 

NH  CO 

-CIV  CO  -CH,-NH 

Acid  psetidoxirae  (m.  p.  220"^), 

CH,  Cll, 


I     "  I 

-C-CO,H 


-(jJ-CO.H 


NH  CO 

-CH,-6o  -CHj-NH 

Tlio  .iinino-afitl  i>!  dpiivpd  therofroin  hv  op-ning  the  ring,  thus 


•^8 


c-co,u 


or 


C-COjH 
C.U./00,H     • 


CHj-COjH  CHj-NH. 

It  is  hoped  that  the  further  study  of  the  products  of  this  change 
may  throw  light  on  the  constitution  of  pinene. 

ROTAL  COLLEOR  OF  SciSNCK 

London. 


XLII. — iiynocardin,  a  New  Cyanogenetic  Ghtcoside. 

By  Frederick  Beldinc.  Power  and  Frederic  Herbert  Lees. 

In  a  preliminary  note  it  was  recorded  by  one  of  us  and  F.  H.  Gornall 
(Proc,  1904,  20,  137)  that  when  the  seeds  of  Gynocardia  odorata 
(R.  Br.)  were  crushed  and  brought  into  contACt  with  water,  a  strong 
odour  of  hvtlrogen  cyanide  was  developed,  and  this  behaviour  was 
shown  to  be  due  to  the  presence  of  a  cyanogenetic  glucoside,  which 
was  isolated  and  designated  gynocardin.  Since  then  we  have  been 
able  to  procure  a  large  quantity  of  gynocardia  seeds,  which  were 
specially  collected  for  us  in  India,  and  have  succeetled  in  isolating 
gynocardin  in  a  pure  state  and  in  an  amount  sufficient  to  admit  of  its 
further  study.  The  yield  of  this  substance  was  e<|ual  to  5  per  cent,  of 
the  weight  of  the  seetls. 
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Gynocardin  crystallises  from  water  in  colourless,  glistening,  prism- 
atic needles  containing  1^  molecules  of  water  of  crystallisation, 
with  which  it  readily  parts  at  a  temperature  of  115°.  The  anhydrous 
substance  melts  at  162—163°  with  only  slight  decomposition,  and  has 
the  formula  C^gH^gOgN.  It  is  dextrorotatory,  the  anhydrous  substance 
having  in  aqueous  solution  the  specific  rotatory  power  [a]'D'  +  72-5°. 
Definite  proof  of  the  cyanogenetic  nature  of  gynocardin  is  afforded  by 
the  fact  that  when  the  enzyme  of  the  seeds,  gt/nocardase,  is  brought 
into  its  aqueous  solution,  hydrogen  cyanide  is  quickly  evolved. 

Until  recently,  the  only  definite  cyanogenetic  glucoside  known  was 
amygdalin,  CgoHg'^OjjN,  which  has  the  constitution 

Ci2H2iOjo-0-CH(CeH,).CN, 

and  is  the  maltose  ether  of  benzaldehydecyanohydrin,  but,  in  a  series 
of  researches  entitled  "  Cyanogenesis  in  Plants,"  Dunstan  and  Henry 
have  isolated  and  studied  three  other  definite  members  of  this  class. 
They  are  lotusin,  CgsHg^OjgN,  the  lotoflavin  ether  of   maltosecyano- 

O         OH 


hydrin,  CnHo^Ojo-CH-O-/    y    }\—\      /^^    {Phil.    Trans.,    1901, 

CM  '       "         —^ 


OH  CO 

194,  515)  ;  dhurrin,  Cj^H^^O-N,  the  dextrose  ether  of  jD-hydroxy- 
benzaldehydecyanohydrin,  C6Hn06-0-CH(CN)-CgH4-OH  {Phil.  Trans., 
1902,  199,  399);  and  phaseolunatin,  CjoHj^.O,.N,  the  dextrose  ether 
of  acetonecyanohydrin,  C^HiiO_^-0-C(CH3)2-c'n  {Proc.  Roy.  Soc,  1903, 
72,  285).  It  is  seen  that  whereas,  on  the  one  hand,  amygdalin, 
dhurrin,  and  phaseolunatin  are  sugar  ethers  of  the  cyanohydrins  of 
substances  other  than  sugars,  lotusin,  on  the  other  hand,  is  an 
aromatic  ether  of  a  sugar  cyanohydrin. 

The  constitution  of  gynocardin,  the  fifth  member  of  the  class  of 
cyanogenetic  glucosides  which  has  been  isolated  in  a  pure  condition, 
being  thought  of  some  interest,  the  elucidation  of  the  question  has 
been  attempted. 

When  gynocardin  is  treated  with  acetic  anhydride  and  sodium 
acetate,  hepta-acpjylgynocnrdin,  (.",,, 11^. ,O,,(C.,H,j0)-N,  is  formed  ;  it 
crystal! iKes  in  nocdles  molting  at  118 — 119"  and  has  |a],,  +\0'i"  in 
chloroform. 

A  most  rcmarkaldo  property  of  gynocardin,  which  l)ringH  it  into 
Kharp  contraist  with  thooth(!r  inenibors  of  its  class,  is  its  great  stability 
towards  the  usual  acid  hydrolyfiing  agents.  Dhurrin,  for  example, 
after  lienting  for  five  minutes  with  dihito  acid,  afforded  p-hydroxy- 
l)cnzald«)hydo  on  extracting  with  other,  whereas  with  gynocardin 
pmctically  no  hydrolysiH  had^takcn  place  on  l)euting  for  half  an  hour 
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with  5  pei"  cent,  hydrochloric  acid,  and  complete  hydrolysis  was  not 
effected  until  the  solution  had  lieen  heate<l  for  9  hours.  During  the 
hydrolysis,  hydrogen  cyanide  is  generated,  and  the  solution  continually 
benoines  «larker  in  colour,  being  ultimately  dark  brown.  Among  the 
products  of  the  reaction,  it  has  been  possible  to  identify  only  </-glucose 
and  hydrogen  cyanide,  although,  excluding  the  contingency  of 
Recon<lary  decomfwsition,  which  undoubtedly  occur?*,  it  should  have 
been  ix)ssible  to  obtain,  in  addition  to  the  al)ove  hydrolytic  products, 
a  substance  of  the  formula  CjH^O^,  in  accordance  with  the  efpia- 
tion  : 

CisHj^O^N  +  H,0  =  C,H,..Oj  +  CgH^O^  +  HCN. 

In  view  of  the  above-mentioned  secondary  de(*omposition,  which  wa« 
tliought  to  be  due  solely  to  the  prolonged  heating  necessary  to  effect 
hydrolysis,  the  enzyme,  gyuocanlase,  appeared  to  be  better  adapted  for 
this  purpoFe.  Gynocardin  is  very  readily  hydrolysed  at  the  ordinary 
temperatme  by  the  enzyme,  but,  as  in  the  case  of  the  hyilroly<<is  by 
acid,  the  reaction  is  attended  with  the  formation  of  dark-coloure<i 
resinous  matter,  and  only  glucose  and  hydrogen  cyanide  could  be 
identitied  among  the  products. 

Gynocardin  readily  reacts  with  hot  barium  hydroxide,  with  the 
liberation  of  ammonia  and  the  formation  of  barium  ffynocardinate, 
(C,.,H,,,Oy'^'t)o)olia,  according  to  the  equation  : 

CijHigOgN  +  2H,0  -  Ci  ..Hjj^Oa-CO^H  +  NII^. 

Gynocardinic  acid,  CjjH,„0,/COoH,  prepared  from  its  barium  salt, 
is  extremely  soluble  in  water,  and  was  only  obtained  as  a  nearly 
colourless  syrup  ;  it  is  dextrorotatory,  and  does  not  reduce  Fehling's 
solution. 

When  gynocardinic  acid  is  heated  with  dilute  sulphuric  acid,  it  is 
hydrolysed  in  accordance  with  the  equation  : 

CioH^.A/COaH  +  H,0  =  C^Hi.,0^  +  C^Hj,0,-CO,,H. 

There  are  formed,  rf  glucose  (phenylglucosazone,  m.  p.  205 — 206') 
and  an  acid,  which  must  have  the  formula  O-Hj^jOj.  This  acid  could 
not  be  sepjvx'ated  in  a  fi"ee  state  from  the  sugar  which  accomjmnied  it, 
but  by  con  vetting  it  into  its  quinine  sidt  a  small  amount  of  the  latter 
could  be  isolated  in  a  state  of  purity.  This  salt  formed  needles, 
melting  at  224^  with  decomposition,  and  on  analysis  gave  numbers 
agreeing  fairly  well  with  the  formula  C.^jHo^O^No.C-Hj^jO,.,. 

The  facts  from  which  we  draw  a  conclusion  respecting  the  structure 
of  gynocardin  are  as  follows  : 

(1)  It  has  the  formula  CigH^.A.N. 

(2)  It  gives  a  hepta-acetyl  derivative. 
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(3)  It  is  hydrolysed  by  dilute  acids  or  the  enzyme,  giving  rf-gliicose, 
hydrogen  cyanide,  and  a  third  substance. 

(4)  It  is  hydrolysed  by  baryta,  giving  gynocardinic  acid, 

and  ammonia. 

(5)  Gynocardinic  acid,  on  treatment  with  acid,  gives  c^-glucose  and 
an  acid. 

From  the  foregoing  facts,  it  follows  that  gynocardin  is  the  rf-glncose 
ether  of  the  cyanohydrin  of  a  substance  which  may  be  either  a  tri- 
hydroxyaldehyde,  C5H^(OH)3*CHO,  or  a  trihydroxyketone, 

C,H,(OH),:CO. 

Since  it  has  been  impossible  to  isolate  this  substance,  and  as  the 
quinine  salt  of  its  corresponding  carboxylic  acid  was  not  obtained  in 
an  amount  sufficient  for  the  further  investigation  of  the  latter,  its 
actual  constitution  could  not  be  determined. 

In  accordance  with  the  above  view,  the  constitution  of  gynocardin 
can  be  represented  by  one  of  the  following  formulfe  : 

C,H,(OH)3-CH-0-C6Hi^O,  or  C,H,(0H)3:c;-0-C,H^^0, 

CN  ■  ■     o  ^^ 

Gynocardinic  acid  may  then  be  expressed  as  follows : 

CjH,(OH)3-CH-0-C,HijO,  or  C,H,(0H)3:C-0-C,,Hi^0, 
COgH  COjH 


Experimental. 

Eatimcttion  of  the  Hydrogen  Cyanide  afforded  by  the  Seeds  of  G'ynocardia 

Odorata  (R.  Br.). 

For  this  purpose,  25  grams  of  the  seeds  were  divested  of  the  shells, 
and  the  kernels,  weighing  17*7  grams,  ground  to  a  powder,  which  was 
allowed  to  remain  in  contact  with  water  (100  c.c.)  in  a  tightly-corked 
flask  for  3  days.  The  liberated  hydrogen  cyanide  was  then  driven  over 
by  steam,  collected  in  a  dilute  solution  of  potassium  hydroxide,  and 
estimated  l)y  titration  with  a  decinormal  solution  of  silver  nitrate,  of 
which  20'5  c.c.  wore  required,  whence  HCN  =  0*G3  per  cent,  in  the 
kernel  and  0  44  per  cent,  in  the  entire  seed. 

laolation  of  Oijiiocardin,  Cj8H|j,0j)N,l^H.,0. 

Four  kilograms  of  the  powdered  seeds  wore  first  extracted  with  cold 
potroloum  for  the  complete  removal  of  the  fatty  oil,  and  then  with 
90  |H3r  cent,  alcohol.  On  the  removal  of  the  alcohol,  a  dark  syrupy 
residue  reHulted,    which   .soon   formed  a    paste,  consisting   chiefly   of 


CyAyoOEN'ETIC   GLUCOSIDE.  353 

a  ciyhtalliiie  hul>»tauce,  whicli  \><i:^  -oj^rateii  from  the  uiollioi  lit|Uur 
at  the  i)um{).  lu  order  to  remove  the  adhering  syrupy  mother-li«iuor, 
the  crystalline  cake  was  digested  for  seveml  uiiuuteK  with  warm  ethyl 
acetate,  and  again  collected  by  filtration,  when  it  wa«  obtained  in 
a  nearly  white  condition.  A  farther  amount  of  the  crude  glucoside 
can  readily  be  ol)tiiined  from  the  syrupy  alcoholic  mother-liquor  by 
lirst  mixing  it  with  prepared  sawdust,  drying  the  mass,  and  then 
extracting  it  with  ethyl  acetate,  which  slowly  removes  the  gluooside. 
Tlie  whole  of  the  crude  glucoside  was  then  dissolved  in  water,  the 
solution  digesteil  with  animal  charcoal,  and  the  colourless  liquid  con- 
centrated under  diminished  pressure  to  the  etmaiiieucy  of  a  syrup, 
which,  after  a  short  time,  formed  a  hard  cake  of  colourless  crystals. 
This  was  diained  and  subsecjuently  dried  on  porous  earthenware. 
Two  hundred  grams  of  the  perfectly  white,  crystalline  glucoeide  were 
tlms  obtained.  For  analysiti,  the  whole  was  again  crystallised  from 
water,  and  obtained  in  two  successive  crops  (a)  and  (b),  consisting  of 
glistening,  colourless,  prismatic  needles.  Tliese  were  dried  on  \»>■^ 
earthen wai"e  in  the  air.  The  water  of  crystallisation  was  detern  ■ 
by  heating  the  substance  at  115*^  until  the  weight  was  constant,  and 
this  is  not  attended  by  any  decomposition  of  the  glucoside.  The 
analyses  and  determinations  of  the  specihc  rotatory  power  were  all 
conducted  with  the  anhydrous  substance. 

(a)  07381  lost  0  05G0  HjO.     HjO  =  7-6. 

01465  gave  0-2500  CO..  and  00760  H..0.     C  =  46  0  ,11     o  >. 
0-2071     „     0  3568CO,'    „    01058  H^O.     0  =  46-9 ;  H  =  5-7. 

A  solution  of  0-5341  in  water,  made  up  to  25  c.c,  gave,  in  a  1  dm. 
tube,  au+r33',  whence  [o]iJ*-f  725° 

(b)  0-6856  lost  0-0464  H.3O.     H,,0-6-8. 

0-1865  gave  03213  CO.^  and  00985  HjO.     C  -  470  ;  H  =  b\). 

A  solution  of  04497  in  water,  made  up  to  25  c.c,  gave,  in  a  1  dm. 
tube,  od+I'^IS',  whence  [aJB  +  72-3''. 

The  portion  {b)  was  again  crystallised  from  water,  ami  the  recrys- 
tallised  substance  dried  on  porous  earthenware  in  the  air,  and  analystxl 
as  before. 

0-D568  lost  0-0704  U.p.     H.,0  =  80. 

0-2279  gave  03934  COg  and 'o- 1166  H.p.     C-47-1 ;  H  =  5-7. 

0-6900     „     24-2  c.c.  nitrogen  (over  KOH  sol.,  sp.  gi-.  1-3)  at  16° 

and  775  mm.     N  =  4-2. 
Ci3Hi909N,liH.p  requires  H^O  =  7-5. 

CjgHigOgN  requires  C  =  468 ;  H  =  57  ;  N  =  4-2  per  cent. 

It  will  be  observed  that  the  amount  of  water  initially  contained  in 
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(b)  was  less  than  in  (a),  but  that  after  recrystallisation  the  percentage 
of  water  was  increased.  The  explanation  of  this  is,  that  when  the 
substance  is  allowed  to  separate  slowly  from  a  not  too  concentrated 
solution  it  always  contains  the  larger  amount  of  water,  but  when  the 
conditions  are  the  converse  of  these,  smaller  amounts  of  water  are 
always  found. 

The  molecular  weight  of  gynocardin  was  very  kindly  determined  for 
us  by  Dr.  Barger,  by  his  microscopical  method  (Trans.,  1904,  85, 
286), 

A  solution  containing  0'130  gram  of  anhydrous  gynocardin  in 
1*878  gi-ams  of  water  was  found  to  be  isotonic  with  a  solution  of  cane 
sugar  of  the  mean  concentration  of  73-3  grams  of  the  latter  in  1000 
grams  of  water : 

0-130  X  1000        342 

1-878         ^  73^  =  ^^^ 
C13H19O9N  requires  M  =  333. 

It  was  thus  shown  that  gynocardin  crystallises  in  general  with  li 
molecules  of  water,  and  that  the  anhydrous  substance  has  the  formula 

Anhydrous  gynocardin  melts  at  162 — 163°  with  slight  decomposition  ; 
it  is  very  sparingly  soluble  in  all  the  usual  organic  solvents  except 
alcohol,  in  which  it  readily  dissolves  on  warming,  and  from  which  it 
slowly  separates  in  small  needles. 

Gynocardin  is  best  crystallised  fi-om  water,  in  which  it  is  readily 
soluble,  even  in  the  cold,  and  from  a  concentrated  solution  it  separates 
in  glistening,  colourless,  prismatic  needles.  It  reduces  Fehling's 
solution.  No  precipitate  is  formed  when  either  lead  acetate  or 
Kubacetate  is  added  to  its  aqueous  solution.  It  gives  no  coloration  with 
ferric  chloride  or  with  concentrated  sulphuric  or  nitric  acid. 

Gynocardin  is  only  slowly  hydrolysed  by  boiling  5  per  cent,  hydro- 
chloric or  sulphuric  acid  ;  it  is  readily  attacked  by  gynocardase,  the 
enzyme  contained  in  the  seeds  (p.  357),  and  by  omulsin,  with  genera- 
tion of  hydrogen  cyanide,  but  is  not  hydrolysed  either  by  diastase 
or  by  the  animal  ferments,  ptyalin,  pepsin,  and  pancreatin.  In  this 
connection,  it  may  also  be  stated  that  gynocardin  has  been  ascertained 
to  be  devoid  of  any  appreciable  physiological  action. 

llepla-iicetijlyynocardin,  Cj3Hj.^0„(C.^li,,0);N. 

Gynocardin  waH  disMolvod  in  an  excess  of  hot  acetic  anhydride,  a 
small  amount  of  anhydrous  sodium  acetate  introduced,  and  the  mixture 
boiled  on  a  Hand-bath  during  40  miuutes.  On  shakiug  with  water,  the 
acetyl  derivative  separated  as  a  white,  llocculent  precipitate;  this  was 
watthed,  dried  on  porous  earthenware,  and  recrystalliued,  first  from  a 
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mixture  of  ethyl  acetate  aud  light  {)etroleum,  then  from  a  mixture  of 
chloroform  and  petroleum,  aud  finally  from  the  former  mixlm*e  of 
solvents,  without  any  appreciable  change  in  the  melting  point. 

Hepti-acetylgyuocardin  forms  aggregates  of  tine,  white  needles  melt- 
ing at  118—119°. 

01532  gave  0  2907  CO.,  and  00736  H._,0.     C  =  51*8;  H  =  5-3. 
01672     „      0-3180  CO!,    „    0  0808  H.!o.     C  =  61-8 ;  H  =  5-4. 
Ci3H,20y(t',,HsO)-N  requires  C  -  51  7  ;  H  =  53  per  cent. 

A  solution  of  0*4740  in  chloroform,  made  up  to  25  c.c,  gave,  in  a 
1  dm.  tube,  au  +  0°46',  whence  [o]u  +  40'4". 

Hydrolysis  of  Gifiiocurdin  by  DUuU  Acids.     The  Fvruiation  of 

A- Glucose. 

Gyuooardin  is  only  very  slowly  hydrolysed  by  heating  with  5  per 
cent,  hydrochloric  or  sulphuric  acid,  and  the  i-eaction  is  always 
attended  with  the  formation  of  a  dark  secondary  product,  even  when 
the  operation  is  conducted  in  an  atmosphere  of  carbon  dioxide.  In 
experiuieuts  in  which  two  portions  of  gyuocardin  of  10  grams  each 
were  heated,  in  the  one  case  for  2  hours  on  a  water-bath  with  100  c.c. 
of  5  })er  cent,  hydrochloric  acid,  and  in  the  other  by  boiling  for  4  hours 
with  5  per  cent,  sulphuric  acid,  it  was  possible  to  recover  some 
unchanged  gynocardin,  hydrolysis  having  been  far  from  complete,  even 
with  these  prolonged  periods  of  heating.  The  following  exjjerimeut 
represents  the  result  of  the  complete  hydrolysis  of  gynocardin  wiih 
hydx'ochloric  acid. 

Twenty  grams  of  gynocardin  were  dissolved  in  200  c.c.  of  5  per 
cent,  hydrochloric  acid  Jind  the  solution  heated  on  a  water-bath. 
Hydrogen  cyanide  was  not  present  in  the  liquid  until  the  heating  had 
been  in  progress  for  half  an  hour.  After  7  hours'  heating,  when  the 
solution  smelt  strongly  of  hydrogen  cyanide  and  had  become  bi-own 
in  colour,  steam  was  passed  through  it.  It  then  became  apparent  that 
hydrolysis  had  not  been  complete,  for  it  was  necessary  to  contiuue  the 
distillation  until  2-J  litres  of  liquid  had  collected  before  all  the  hydrogen 
cyanide  was  removed.  The  residual  liquid,  which  contained  the  non- 
volatile products  of  the  completely  hydrolysed  glucoside,  was  very  dark 
brown,  considerable  secondary  decomposition  appearing  to  have  taken 
place.  This  solution  was  neutralised  with  sodium  hydroxide,  concen- 
trated considerably  under  diminished  pressure,  and  extracted  with  ether, 
but  nothing  was  removed  by  the  latter.  It  was  therefore  mixed  with 
previously  extracted  sawdust,  the  mass  dried,  and  extracted  with  ether, 
ethyl  acetate,  and  ethyl  alcohol  i-espectively.  The  ether  and  ethyl 
acetate   exti'acted    nothing,    but    from    the   alcoholic    extract    there 
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separated  a  quantity  of  well-foimed  crystals  ;  these  were  collected  and 
recrystallised  from  water,  when  they  were  found  to  consist  of  a  double 
compound  of  (i-glucose  and  sodium  chloride.  By  recrystallisation  from 
methyl  alcohol,  it  was  possible  to  remove  some  of  the  salt  and  obtain 
crystals  containing  85  per  cent,  of  the  sugar.  That  this  crystalline 
substance  consisted  chiefly  of  (Z-glucose  was  definitely  proved  by  the 
formation  from  it  of  a  phenylglucosazone  melting  at  206°,  and  by  the 
determination  of  its  specific  rotatory  power,  when  the  phenomenon  of 
mutarotation  was  observed,  the  value  falling  to  one-half  of  that  first 
recorded, 

A  solution  of  0'672  in  water,  made  up  to  10  c.c,  gave,  in  a  1  dm. 
tube,  au  +  5°52',  and,  after  the  addition  of  a  trace  of  alkali,  au  +  2°57', 
whence  [a]i,  +  87'3°  and  +43" 9°  respectively. 


Action  of  Barium  Hydroxide  on  Gynocardin.     Fonmition  of  Gynocar- 
dinic  Acid,  G■^^-^^f)^fQO.^. 

Ten  grams  of  gynocardin  were  dissolved  in  a  hot  solution  of 
20  grams  of  barium  hydroxide  in  100  c.c.  of  water.  Ammonia  was 
immediately  evolved,  and  the  solution  was  therefore  boiled  until 
the  latter  was  entii-ely  expelled.  The  excess  of  barium  was  then  com- 
pletely removed  as  carbonate,  and  the  clear,  faintly-coloured  solution 
of  the  barium  salt  concentrated  to  a  syrupy  consistency.  By  adding 
alcohol,  again  evaporating,  and  repeating  this  operation  several  times, 
the  barium  gynocardinate  formed  a  hard,  white,  crystalline  cake.  For 
analysis,  it  was  heated  at  115 — 120°. 

0-5845  gave  0-1605  BaSO^.     Ba  =  16-2. 

CgeH^yOggBa  requires  Ba=  16'4  per  cent. 

Gynocardinic  acid  was  prepared  from  the  barium  salt  by  exact 
removal  of  the  barium  by  sulphuric  acid.  A  strongly  acid  liquid  was 
thus  obtained.  This,  on  concentration  under  diminished  pressure, 
afforded  a  nearly  colourless  syrup,  which,  even  on  standing  for  several 
days,  showed  no  tendency  to  crystallise.  (Jynocardinic  acid  does  not 
reduce  Febling's  solution  ;  its  aqueous  solution  is  dextrorotatory. 

Action,  of  Dilate  i:)vlj)huric  Acid  on  Gynocai'dinic  Acid.     Formation  oj 
d-Gluco8e  and  an  Acid. 

A  quantity  of  gynocardinic  acid  was  heated  for  several  hours  on  a 
water-bath  with  dilute  sulphuric  acid.  The  latter  was  then  exactly 
removed  as  barium  sulphato  and  the  faintly- coloured  acid  lifjuid  con- 
centrated  under  dimiuislied  pressure.     A  syrup  was   thus   obtained 
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which  would  not  crystallise.  In  addition  to  the  acid,  it  also  contained 
(Z-glucose,  for  it  readily  afforded  a  phenylglucosazone  melting  at  205^. 

In  an  attempt  to  separate  the  acid,  the  warm  aqueous  solution  of 
the  above  syrup  was  neutralised  by  the  addition  of  freshly  precipitated 
(juinine.  The  aqueous  solution  of  the  quinine  salt  and  glucose,  after 
digesting  with  animal  charcoal,  was  concentrated  considerably  under 
diminished  pressure.  From  the  visoous  liquid,  a  small  amount  of 
u  crystalline  salt  slowly  separated.  This  was  first  reerystallised  from 
water,  in  which  it  was  extremely  easily  soluble,  and  then  fiom  methyl 
alcohol,  from  which  it  separated  in  glistening  needles,  melting  at  224° 
with  decomposition.     It  was  dried  at  115^  and  then  analysed  : 

01659  gave  03884  CO,  and  00988  H,0.     C  =  638  ;  H  =  66. 
CyoH.2  AN,,C7HioO^  requires  C  =  630 ;  H  =  66  per  t«nt. 

Although  the  amount  of  quinine  salt  thus  obtained  was  too  small  for 
further  investigation,  its  isolation  is  of  value,  since  it  affords  direct 
proof  that  by  the  hydrolysis  of  gyuocardinic  acid  a  carboxylic  acid  is 
formed  in  addition  to  (2-gIucose. 

Isolation  of  the  Hydrolytic  Enzyme^  Gyitoeardase. 

One  kilogram  of  the  finely-ground  seeds  was  first  extracted  with 

cold  light  petroleum  for  the  removal  of  the  fatty  oil,  and  subsequently 
digested  with  water  at  the  ordinary  temperature  for  about  24  hours. 
To  the  filtered  liquid,  about  twice  its  volume  of  alcohol  was  added,  and, 
after  standing  for  some  hours,  the  precipitate  was  collected  on  a  filter, 
washed  with  alcohol,  and  dried  in  a  vacuum  over  sulphmic  acid. 
When  dry,  it  could  be  reduced  to  a  light  brown  powder.  The  yield 
corresponded  to  2  per  cent,  of  the  weight  of  the  seeds. 

(Jynocardase  responds  to  most  of  the  usual  tests  for  proteid  sub- 
stiinces.  As  already  stated,  it  readily  hydrolyses  gynocardin,  and  it 
also  hydrolyses  amygdalin.  It  appears,  however,  to  have  no  action  on 
potassium  myronate,  in  this  respect  differing  from  the  enzyme  con- 
tained in  Taraktogenos  seeds  (Trans.,  1904,  85,  841). 

TuE  Wellcome  Chemical  Keseakcu  Labobatobies, 
LoNuoN,  E.C. 
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XLIII. — The  Action  of  Ethyl  Dihromopropanetetra- 
carhoxylate  on  the  Disodium  Derivative  of  Ethyl 
Propanetetracarhoxylate.     A  Correction. 

By  William  Henry  Perkin,  jun. 

A  SHORT  time  ago  (Trans.,  1903,  83,  780),  T.  W.  D.  Gregory  and  the 
author  published  the  results  of  a  research  on  the  action  which  takes 
place  when  the  disodium  derivative  of  ethyl  propanetetracarhoxylate  is 
digested  with  ethyl  dibromopropanetetracarboxylate.  It  was  shown 
that  the  decomposition  proceeds  almost  quantitatively  with  elimination 
of  sodium  bromide  and  formation  of  a  beautifully  crystalline  ester 
which  melts  at  46°. 

Some  years  previously,  Perkin  and  Prentice  (Trans.,  1891,  59, 
990)  had  investigated  a  very  similar  decomposition,  namely,  the 
action  which  takes  place  when  the  disodium  derivative  of  ethyl 
propanetetracarhoxylate  is  digested  with  trimetbylene  bromide. 
Since  the  product  obtained  in  this  latter  case  yielded,  on  hydrolysis 
and  subsequent  elimination  of  carbon  dioxide,  the  cis-  and  trans- 
modifications  of  hexahydrozsophthalic  acid,  there  can  be  no  dovxbt  that 
it  was  ethyl  hexamethylenetetracarboxylate,  the  formation  of  which 
is  readily  understood  from  the  equation 


(C02Et)2CNa-CH2-CNa(C02Et)2  _ 
Br-CH2-CH^-CH2Br 

(C02Et)2C-CH2-C(C02Et)2 

CH2-OH2-CH2  +-^^^1- 

Arguing  from  this  experience,  as  well  as  from  the  results  which  had 
been  obtained  in  the  investigation  of  many  other  analogous  ring 
syntheses,  Gregory  and  the  author  concluded  that  the  decomposition 
which  had  taken  place  when  the  disodium  derivative  of  ethyl  propane- 
tetracarhoxylate was  digested  with  ethyl  dibromo])ropanetetracarb- 
oxylate  was  to  bo  represented  as  follows  : 

(CO.^Et).^CNa-CH2-CNa(OOjEt)2 

(CO.^Et)2CBr-CH2'CBr(C02Et)2  ' 

(CO2Et)2C-0H2-C(0O2Et)2 
(C02Et)2C-CH2-C(COjEt)2  ' 

that  is  to  say,  the  ostor  iiu^lting  at  4G  '  was  ethyl  hoxanu^thylono- 
octocarboxylato.  On  liydrolynis,  this  ester  yielded  the  corro.sponding 
acid  (m.  p.  220*^),  which,  wljon  heated  above  its  molting  point,  was 
ducoiiiiK)8ed  into  carbon  dioxide  and  an  acid  melting  at  175".     This 
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acid   was  described  as  </"a?t«-hexamethyIenetetracarboxylic   acid,  the 
change  just  mentioned  being  represented  in  the  following  way  : 

(C02H),C-Ca,-C(C02H)g         COoH-CHCH.-CjJH'CO^H 
(CUH)^C-CH2-C(C0jH),.    ~    CO^H-CH-CH^-CH-CO.H   ■•"  -' 

Lastly,  on  treatment  with  acetic  anhydride,  the  traru-Acid  yielded  the 
anhydride  of  the  corresjxjnding  cw-acid,  which  melted  at  60^,  and  was, 
on  hydrolysis,  readily  converted  into  the  eu-acid  (m.  p.  139 — 140°). 

During  the  course  of  a  series  of  experiments  similar  to  those  just 
described,  iJr.  Max  (Juthzeit  retjuested  Mr.  Martin  Lobeck*  to  repeat 
the  above  research,  with  the  result  that,  while  able  to  confirm  our 
cxijeriuientiil  work  in  every  detail,  ho  came  to  the  conclusion  that  the 
interjtretation  of  the  results  given  by  Gregory  and  the  author  in 
certainly  inconect.  After  carrying  out  a  series  of  molecular  weight 
determinations,  he  arrived  at  the  i*emarkable  conclusion  that  the  com- 
pounds just  mentioned  are,  without  exception,  trimethylene  deriva- 
tives, that  is  to  say,  the  molecular  weights  are  exactly  half  those 
of  the  hexamethylene  derivatives  which  Gregory  and  the  author 
assumed  had  been  produced.  There  is  no  doubt  that  Dr.  Guthzeit's 
view  is  correct,  since  most  of  the  trimethylene  derivatives  in  ijuestion 
have  been  obtained  by  other  means,  and  a  careful  comparison  shows 
that  their  properties  agi*ee  almost  exactly  with  those  of  the  substances 
obtained  by  (hegory  and  the  author.  The  following  corrections  are 
therefore  necessary  in  the  original  paper  (Trans.,  1903,  83,  780). 

For  "  ethyl  hexamethyleneoctocarboxylate  "  read  ''  ethyl  trimethyl- 
enetetracarboxylate." 

For  "  hexamethyleneoctocarboxylic  acid  "  read  '*  trimethylenetetra- 
carboxylic  acid." 

For  *'  CIS-  and  ^raH^-hexamethylenetetracarboxylic  acids  "  read  *'  cis- 
and  <yan«-trimethylenedicarboxylic  acids." 

The  quantitative  formation  of  a  trimethylene  derivative  by  the  action 
of  ethyl  dibrouiopi'oi)anetetracarboxylate  on  the  disodium  derivative  of 
ethyl  propanetetracarl)oxylate  is  most  extraordinary,  and,  as  far  as  the 
author  knows,  entirely  without  analogy. 

When  a  bromoethereal  salt  acts  on  a  sodium  derivative,  the  reaction 
proceeds  in  such  a  way  that  sodium  bromide  is  eliminated  and  the  two 
residues  join  together.  Thus,  for  example,  when  ethyl  bromoacetate 
reacts  with  the  sodium  derivative  of  ethyl  malonate,  ethyl  ethanetri- 
carboxylate  is  formed  : 

OHNa(CO.,Et)..  _  CH(CO..Et)..   ^  . ,  ^ 
CHJJr-CO:Et'  -  CH..-c6,Et    ^  ' 

Hut  the  action  which  takes  place  between  ethyl  dibromopropanetetra- 

*  The  accouut  of  these  exi»erimeuts  will  shortly  a]>pear. 

C  C   2 
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carboxjlate  and  the  disodium  derivative  of  ethyl  propanetetracai'b- 
oxylate  is  vei'y  different  from  this.  The  elimination  of  sodium  bromide 
leads,  apparently,  to  the  formation  of  two  vinsaturated  molecules  which, 
instead  of  combining  in  the  usual  way  to  form  ethyl  hexamethylene- 
octocarboxylate  (p.  358),  are  each  converted  into  ethyl  trimethylene- 
tetracarboxylate  by  internal  saturation  : 

(CO,,Et)2CNa-CH2-CNa(CO.,Et)o  _      (CO..Et)..C-CH./C(CO.,Et)^   _ 

(CO.'Et).,CBr-CH.,-CBr(CO.Et)/  (C0",Et)"c-CH",-C(C02Et)., 

I         "   I 


(C02Et)2C/-\C(C02Et)2 
(C0.3Et)2C^-7C(C02Et)2  ■ 

This  rea-'tion  is  another  instance  of  the  remarkable  ease  with  which 
trimethyleue  derivatives  are  formed  during  the  course  of  reactions 
which  might  be  expected  to  yield  either  unsaturated  compounds  or 
hexamethylene  derivatives. 

Many  such  cases  are  now  known,  and  the  oUowing  may  be 
instanced  in  illustration  of  this  point. 

(1)  Trimethylene  bromide  reacts  with  zinc  to  foi'm  trimethylene, 

Br-CHg-CHg-CHoBr-^  CH2<  I  ^_f^ 

an!  apparently  no  traces  either  of  propylene  (Gustavsoa,  J.  2»'-  Chem., 
1899,  [ii],  59,  302)  or  of  hexamethylene  are  formed  during  the 
reaction. 

(2)  Acetyl  trimethylene  is  produced  quantitatively  when  acetyl- 
propyl  bromide  is  digested  with  caustic  potash  (Lipp,  Be7',,  1889,22, 
1207  ;  Idzowska  and  E.  Wagner,  J.  liuss.  Phi/.i.  Chem.  ^'oc,  1898,  30, 
259,  269  ;  Chem.  Centr.,  1898,  ii,  474) : 

CHa-CO-CHa-CBj-CHjBr  -^  CH3-C0-CI1<5!!2 

OH  2 

(3)  Ethyl  a-bromoglutarate  is  converted  by  treatment  with 
alcoholic  potash  or  (j[uinoline  into  trimethylenedicarboxylic  acid  or  its 
othyl  Halt  : 

CH., 
CJaKt-CHj-CH.-CHBr'COaEt  -->  COaH-CH/^^CH-COjH 

(Bowtoll  and  Pcrkiii,  l*roc.,  1899,  15,  211  ;  see  also  the  following  paper 
by  I'orkin  and  TatterHull,  p.  3(52). 

(Juronic  ucid  in  formed  in  an  exactly  similur  way  when  othyl  bioino 
dituotliylgluturaio  iH  diguHtod  with  alcoholic  potash: 
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C0^EtCH2-CMe./CtllJi-C0.jEt  -^  COjH-CH-^  fH-CO  H 

(Perkin  and  Thorpe,  Tnins.,  1899,  75,  50). 

Preliminary  experiments,  which  have  already  been  made,  se^m  to 
show  that  tetra-,  penta-,  and  hexii-methylene  riugs  are  not  readily 
fornuHl,  if  at  all,  when  bromo-comjxmnds  similar  to  thoso  mentionetl 
al)Ove  are  treated  with  alcoholic  potash. 

Observations  such  as  these  tend  to  thi*ow  doubt  on  the  general 
applical)ility  of  the  "  Spannungs  Theorie  "  l>ecause,  according  to  that 
theory,  four,  five,  and  six  meml>ered  saturated  carl)on  riDgs  ought  to  l>e 
produced  with  much  greater  east-  jirnl  Iih  inncli  iii.»!«  >ihi1>l.«  than  the 
three  membered  carV>on  ring. 

In  conclusion,  I  have  to  thank  Dr.  Guthzeit  for  his  kindness  in 
communicating  with  me  privately  in  regard  to  this  matter  and  for 

allowing  nie  to  make  this  correction. 

TiiK  Vktokia  Umvkksity, 

MANt  HKSI'Kli. 


XLIV. — Glutaconic  Acid  and  the  Conversion  oj  GtutaiHc 
Acid  into  Trimethylenedicarhoxylic  Acid. 

By  William  Henby  Perkin,  jun.,  and  George  Tattersall,  B.Sc. 

Glutaconu'  acid  has,  so  far,  only  been  obtaineil  in  one  modification, 
although  stereochemical  theory  indicates  that  the  two  modifications 

II         -        *  and  11         -        ^ 

HCCO.H  CO.H'C-H 

CIS.  trans. 

corresponding  to  maleic  and  fumaric  acids,  should  exist. 

It  has  been  shown  by  W.  H.  Perkin,  jun.,  and  Alice  E.  Smith 
(Trans.,  1903,  83,  8,  771  ;  1904,  85,  155)  that  aa-dimethylglutaconic 
acid,  CO.^H'CMe^'CHICH'COjH,  and  aaai-trimethylglutaconic  acid, 
COjH'CMej'CHICMe-CO^H,  both  occur  in  cis-  and  <mns-modifica- 
tions,  and  this  fact  makes  it  all  the  more  remarkable  that  the  parent 
substance — glutaconic  acid  itself^is  only  known  in  one  form. 

Glutaconic  acid  melts  at  134°,  and  when  heated  with  acetyl  chloride 
yields  an  anhydride  which  melts  at  87°  and  was  first  prepared  by 
Buchner  {Ber.,  1890,  23,  706).  In  investigating  this  anhydride,  the 
authors  find  that  it  may  be  distilled  without  decomposition  under 


362  PERKIN   AND   TATTERSALL  :   GLUTACONIC   ACID. 

reduced  pressure,  and  that,  as  Bnchner  has  stated,  it  yields,  on  hydro- 
lysis, the  glutaconic  acid  from  which  it  was  pi'cpared.  It  is  therefore 
cei'tain  that  the  only  known  modification  of  glutaconic  acid  is  the 
CIS-modification,  a  view  which  has  already  been  put  forward  by 
Buchner.  A  large  number  of  experiments  were  instituted  by  the 
authors  in  the  hope  of  being  able  to  isolate  the  corresponding  trans- 
modification  of  glutaconic  acid,  but  without  success.  Several  new  and 
interesting  facts  were,  however,  brought  to  light,  which  may  be  briefly 
stated  as  follows. 

When  gkitaconic  acid  is  distilled,  it  decomposes  into  vinylacetic  acid 
and  carbon  dioxide, 

C02H-CH2-CH:CH-C02H  =  COaH-CHg-CHICHg  +  CO.^, 
but  when  heated   with  water  in  a  sealed  tube  at  180^  the  decom- 
position takes  place  in  another  direction  and  crotonic  acid  results, 

COaH'CHg-CHICH-COgH  =  CO2  +  CHg-CHICH-COjH. 
Glutaconic  acid  yields  a  characteristic  anilic  acid  (m.  p.  132°)  and  is 
readily  acted  on  by  bromine  with  formation  of    a)8-dibromoglutaric 
acid,  COgH-CHg-CHBr-CHBr-COaH  (m.  p.  154—155°). 

A  series  of  experiments  was  next  made  on  the  elimination  of 
hydrogen  haloids  from  halogen  substitution  products  of  glutaric  acid, 
in  the  hope  that  by  one,  at  least,  of  the  methods  employed  the  trans- 
modification  of  glutaconic  acid  might  be  formed. 

/3-Hydroxyglutaric  acid,  COoH-CH2-CH(OH)-CH2-C02H.  was  pre- 
pared by  the  reduction  of  acetonedicarboxylic  acid  (Pechmann  and 
Jenisch,  Ber.,  1891,  24,  3250),  and  then  converted  into  ethyl  y8-chloro- 
glutarate,  C02Et-CH2-CHCl-CH2-C02Et,  by  the  action  of  phosphorus 
pentachloride  and  then  of  alcohol.  This  ester,  when  treated  with 
diethylaniline  and  subsequently  hydrolysed,  yielded  c?s-glutaconic 
acid.  This  res^ult  is  remarkable  because,  under  exactly  the  same 
conditions,  /3-hydroxy-aaaj-trimethylglutaric  acid, 

C02H-CMe2-CH(OH)-CHMe-C02H, 
is    converted    into   <?Yt?i«-aaaj-trimothylglutaconic   acid    (Pei-kin    and 
Smith,  Trans.,  1903,  83,  777). 

An  experiment  was  also  mndo  in  whicli  /8-hydroxyglutaric  acid  was 
subjected  to  distillation,  Imt  the  distillates  was  found  to  consist  of  a 
mixture  of  cw-glutaconic  acid  and  its  anhydride. 

Ethyl  a-bromoglutarate  was  then  prepared  from  glutaric  acid  in  the 
usual  manner  and  digested,  in  one  experiment,  with  alcoholic  potash, 
and  in  another  with  diethylaniline,  and  in  l)oth  cases  the  product  was 
found  to  ho  //v/?/fl-trimethylen<'ili(:irhoxylic  acid  : 

CHHr-CO^Et,  C\M),U 

ThiB  romarkable  formation  of  a  trimethylono  <lerivative  had  previously 
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been  observed  by  Bowtell  and  Perkin  (Proc,,  1899,  16,  241),  and  the 
experiments  described  in  the  present  pajier  entirely  confirm  the  results 
obtained  by  these  authora. 

Lastly,  the  ethyl  a-bromoglutarate  just  mentioned  wm  converted 
into  ethyl  a-iodoglutarato  by  digesting  in  alcoholic  solution  with 
lK)ta88ium  iodide,  and  afterwards  hydrolysed  by  means  of  alcoholic 
potash,  but  in  this  case  also  the  product  obtained  was  lr«iu-tri- 
inethylenedicarboxylic  acid. 

The  series  of  experiments  just  described,  together  with  those  carried 
out  by  Miss  Smith  and  one  of  the  authors,  make  it  appear  probable 
that  the  formula  usually  assigneil  to  glutaconic  acid,  namely, 

cx)jH-ch/Ch:ch-co,h, 

does  not  always  correctly  represent  the  constitution  of  this  acid. 

The  general  behaviour  of  glutaconic  acid  st^ems  to  indicate  that  itii 
molecule  is  symmetrical,  and  the  expression 

CO,H-CHCH/CHCO,H 

seems  to  explain,  in  a  more  satisfivctory  manner,  many  of  the  remark- 
able pi*opertie8  of  the  acid.  Such  an  expression  may  be  considered  as 
a  tautomeric  modification  of  the  old  formula,  and  therefore  capable  of 
being  converted  into  the  latter  during  the  course  of  certain  reactions. 
The  new  formula  may  possibly  offer  an  explanation  of  the  probable 
existence  of  only  one  modification  of  glutaconic  acid,  since  a  substance 
of  this  constitution  would  hardly  exist  in  eis-  and  fran«-modifications, 
at  all  events,  of  the  kind  met  with  in  the  case  of  fumaric  and  maleic 
acids. 

As  further  evidence  in  favour  of  the  new  formula  may  be  mentioned 
the  fact,  recently  proved  by  Dr.  J.F.  Thorpe,  that  the  po.^itions  a  and  Uj 
(a  and  y)  in  glutaconic  acid  are  identical,  whereas  this  could  hardly 

«  ^  «i 

be  the  case  if  the  acid  had  the  constitution  COjH*CH.,*CHX'H'CO^H. 

Another  interesting  observation  is  the  fact  that  aoj-dimethylglut- 
aconic  acid,  which  according  to  the  new  formula  would  be  repre- 
sented thus  : 

CO^H-CMe-CHj-CMe-COjH, 

exists,  like  glutaconic  acid  itself,  apparently  in  one  modification  only 
(compare  Reformatsky,  Chem.  Centr.,  1898,  ii,  886). 

As  soon,  however,  as  two  methyl  groups  become  attached  to  one 
a-carbon  atom,  as  in  the  case  of  the  dimethylglutaconic  acid, 

COoH-CMe/CHICHCO^H, 

and  the  trimethylglutaconic  acid,  COjH-CMej-CHICHMe-CO,!!,  the 
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substances  become  derivatives  of  the  old  formula  of  glutaconic  acid, 
and  at  once,  just  as  in  the  case  of  f  umaric  and  maleic  acids,  cis-trans- 
isomerism  is  observed. 

A  further  discussion  of  the  constitution  of  glutaconic  acid  will 
appear  in  a  paper  by  Dr.  Thorpe,  which  is  shortly  to  be  published. 

Experimental. 
Glutaconic  Acid,  its  AnhydHde  and  Decomposition  Products. 

The  glutaconic  acid  employed  in  these  experiments  was  prepared  by 
the  method  of  Conrad  and  Guthzeit  {Ber.,  1882,  15,  2841),  and,  after 
several  crystallisations  from  water,  it  melted  at  134°. 

When  glutaconic  acid  is  heated  in  a  retort  under  the  ordinary  pressure, 
it  melts  and  gradually  darkens  in  colour  ;  carbon  dioxide  and  water  are 
eliminated,  a  small  quantity  of  a  pungent-smelling  acid  liquid  distils 
over,  and  a  considerable  amount  of  a  carbonaceous  mass  remains  in  the 
retort.  The  distillate  from  a  number  of  operations  was  dissolved  in  a 
little  ether,  dried  over  calcium  chloride,  the  ether  evaporated  and  the 
residue  twice  fractionated,  when  a  mobile  liquid  was  obtained  which 
distilled  at  about  165°  and  gave  the  following  results  on  analysis  : 

0-1568  gave  0-3196  COg  and  0-1022  B.f>.     C  =  556  ;  H  =  7-2. 
C4Hg02  requires  C  =  55-8 ;  H  =  7-0  per  cent. 

This  acid  is  obviously  produced  by  the  elimination  of  carbon  dioxide 
from  glutaconic  acid  and  might  therefore  be  either  crotonic  acid,  iso- 
crotonic  acid,  or  vinylacetic  acid.  When  cooled  in  a  freezing  mixture, 
it  showed  no  signs  of  crystallising,  and,  since  the  crotonic  acids  readily 
solidify  under  these  conditions,  it  is  probably  vinylacetic  acid. 

When  glutaconic  acid  is  distilled  under  a  12  mra.  pressure,  an  oil 
passes  over  between  150 — 210°  and  crystallises  on  cooling.  The 
crystals  consist  of  glutaconic  anhydride  mixed  witli  a  considerable 
quantity  of  the  unchanged  acid. 

An  experiment  was  next  made  on  the  action  of  diiiito  hydrochloric 
acid  on  glutaconic  acid.  The  pure  acid  was  dissolved  in  5  per  cent. 
hydrochloric  acid  .solution  and  lioatod  in  a  sealed  tube  at  180"  for  one 
hour.  On  opening  the  tube,  a  qiiantity  of  gas  escaped  which  proved  to 
h)0  carbon  dioxide.  The  licpiid  was  extracted  with  ether,  the  ethereal 
solution  dried  ami  ovaporatod,  and  the  residue  distilled,  when  an  oil 
pofwed  over  at  170 — IHO"  which,  on  cooling,  partially  solidified.  Tho 
oil  was  removed  by  contact  with  porous  porcelain  and  tho  residue 
cryMtalliHfd  from  light  potrdoum,  when  iiooJlo  sliapoil  crystals  were 
obtained  wliich  molted  at  7  1 — 72'^  and  gave  the  following  results  on 
analyHis  : 
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00838  gave  01721  CO^  an.l  00520  H,0.     C  =  560;  H  =  6-8. 
^A^iP-i  I'^iuiies  C  ^  55-8  ;  H  =  70  per  cent. 

The  properties  of  this  acid  Iciive  no  doubt  that  it  was  crotonic  acid, 
CHg-CIIiCH-CCH. 

In  order  to  investigate  further  the  properties  of  glutaconic  anhydride, 
a  considerable  quantity  of  this  substance  was  prepared  by  the  method 
recommended  by  Buchner  (Ber.,  1890,  23,  706),  namely,  by  treating 
the  acid  with  acetyl  chloride.  As  observed  by  Buchner,  this  anhydi-ide, 
when  heated  under  the  ordinary  pressure,  decomposes  at  about  130°; 
but  the  autliors  find  that,  when  hesited  under  15  mm.  pressure,  it 
distils  for  the  most  part  unchanged  at  152 — 153°.  The  oily  distillate 
solidifies  quickly  to  a  mass  of  needles  which,  after  dniining  on  porous 
porcelain  and  recrysr-tallising  from  ether,  melt  sharply  at  ST^. 

When  the  solution  of  the  anhydride  (1  gram)  in  dry  ether  (150  c.c.) 
is  mixed  with  aniline  (1  gram),  a  white  solid  separates,  but,  on  boiling, 
this  again  pisses  into  solution.  If  the  bulk  of  the  ether  is  distilled 
off  and  the  residue  allowed  to  stand,  colourless  prisms  separate,  which, 
after  recrystallisation  from  ether,  melt  at  128 — 132'  and  consist  of 
ylutaconanilic  acid. 

0-2120  gave  127  c.c.  of  nitrogen  at  18°  and  755  mm.     N  =  7-2. 
CjjHjjOjN  requires  N  =  69  per  cent. 

Experiments  loith  Glutarie  Acid  and  its  Derivatives. 

The  first  series  of  experiments  was  made  with  yS-hydroxyglutaric 
acid,  C02H-CH2-CH(OH)-CHo-COoH,  which  was  prepared  in  (quantity 
by  the  reduction  of  acetonedicarboxylic  acid  (Pechmann  and  Jenisch, 
Jier.,  1891,  24,  3250).  It  was,  however,  found  unnecessary  to  carry 
out  the  tedious  purification  by  means  of  the  copper  salt  which  these 
chemists  recommend.  The  product  of  the  reduction  is  acidifiel  with 
hydrochloric  acid,  evaporated  to  dryness,  and  extracted  with  ether  in  a 
large  Soxhlet  appai-atus.  The  ethereal  solution,  after  drying  over 
calcium  chloride  and  evaporating  to  a  small  bulk,  slowly  deposits 
crystals  of  pure  /S-hydroxyglutaric  acid.  When  this  hydroxy-acid  is 
distilled  under  18  mm.  pressure,  water  is  eliminated  and  the  boiling 
point  rises  continuously  to  about  210°.  The  distillate,  which  (quickly 
solidifies,  consists  of  a  mixture  of  glutaconic  acid  and  glutaconic 
anhydride,  and  not  of  the  acid  alone  as  stated  by  Pechmann  and 
Jenisch  (loc.  cit.). 

Ethyl  /8-chloroglutarate  was  prepared  from  the  )3-hydroxy-acid  in 
the  following  way.  The  hydroxy-acid  (6  grams)  was  left  in  contact 
with  phosphorus  pentachloride  (25  grams)  in  the  cold  until  all  action 
had  ceased  ;  the  pi-oduct  was  then  heated  for  a  short  time  on  the  water- 
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bath  and  poured  into  200  c.c.  of  absolute  alcohol.  The  alcoholic 
solution  was  mixed  with  water,  extracted  with  ether,  the  ethereal 
solution  washed  well  with  dilute  sodium  carbonate,  dried  over  calcium 
chloride,  evaporated,  and  the  residue  left  over  sulphuric  acid  in  a  vacuum 
desiccator  for  two  days. 

The  analysis  gave  numbers  agreeing  only  approximately  with  those 
required. 

0-2525  gave  0-1430  AgCl.     CI  =  14-0. 

CgHjjO^Cl  requires  CI  =  16-0  per  cent. 

The  ester  thus  obtained  was  heated  with  about  twice  its  volume  of 
freshly  distilled  diethylaniline  at  150°  for  15  minutes;  the  dark  pro- 
duct was  poured  into  dilute  hydrochloric  acid,  extracted  with  ether, 
the  ethereal  solution  washed  with  dilute  acid,  dried  over  calcium 
chloride,  and  evaporated.  The  residual  oil  was  hydrolysed  with  methyl- 
alcoholic  potash  and,  after  removal  of  the  alcohol  by  the  addition  of 
water  and  evaporation,  the  residue  was  acidified  and  extracted  with 
ether.  The  solid  mass  obtained  on  distilling  off  the  ether  was  re- 
crystallised  from  water,  when  nearly  colourless  crystals  were  obtained 
which  melted  at  130 — 132°  and  consisted  of  cis-glutaconic  acid. 

The  last  series  of  experiments  made  was  with  the  a-halogen  substi- 
tution products  of  glutaric  acid.     Ethyl  a-bromoglutarate, 

COgEt-CHBr-CH./CH./COoEt, 
was  prepared  by  heating  glutaric  acid  (5  grams)  first  with  phosphorus 
pentachloride  (16  grams)  on  the  water-bath  and  then  with  bromine 
(6 "5  grams)  in  a  sealed  tube  for  one  hour.  *  The  product  was  poured 
into  excess  of  alcohol,  and,  after  several  hours,  water  was  added  and 
the  bromo-ester  extracted  with  ether.  The  ethereal  solution  was  well 
washed  with  dilute  sodium  carbonate,  and  evaporated,  when  ethyl 
a-bromoglutarate  was  obtained  as  an  oil  which,  after  standing  for 
some'  days  over  sulphuric  acid  in  a  vacuum  desiccator,  was  analysed  : 

0-1803  gave  0-1256  AgBr.     lk-  =  29-4. 

C(,irir,04Br  requires  Br  =  300  per  cent. 

The  ethyl  a-bromoglutarato  thus  obtained  was  mixed  with  a  large 
excess  of  a  strong  solution  of  methyl-alcoholic  potash  and  heated  to 
boiling  for  one  hour,  during  which  operation  a  quantity  of  potassium 
bromide  sepiratod.  After  ad<ling  water  and  evaporating  almost  to 
dryness,  the  product  was  acidified  with  hydrochloric  acid  and  extracted 
several  times  with  ether.  The  ethereal  solution  was  dried  over  culciuiu 
chlorido  and  evaporated,  wiieu  a  yellow,  oily  residue  was  obtained, 
which  HOOD  de{)OKito<l  n  (jiiantity  of  crystals.  The  crystals  were  freed 
from  adhering  oil  by  Kproading  on  porous  porcelain,  and  then  crystal- 
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lised  from  water,  from  which  the  acid  separated  in  prisms  melting  at 
173—174°. 

01623  gave  02755  CO^  and  00672  H,0.     0  =  463;  H  =  4-6. 
C5H,iO^  requires  C  =  461  ;  H  -  46  per  cent. 

Since  this  acid  was  found  to  be  quite  stable  towanls  permanganate, 
it  could  not  ]>e  luisjiturated,  and  the  only  other  alternative  was  that  it 
was  a  trimetbylene  derivative.  Careful  nomparition  showed  that  it 
was  /r«««-trimethylenedicarboxylic  acid  (1,  2),  a  result  which  confirms 
the  previous  experiments  of  Bowtell  and  Perkin  (Proc.,  1899,  16, 
241).  The  action  of  diethylaniline  on  ethyl  a-bromoglutai-ate  was  also 
investigated,  and  an  ester  was  obtained  which.  "•'  I'l- -i*  -  "/iin 
yielded  <ra»«-trimethylenedimrboxylie  acid. 

lastly,  ethyl  a-iodoglutarate   was  prepared,  and  ii- 
hydrolysis   investigated.      Ethyl   a-bromoglutarate    (I      r.  /     ^^  '" 

digested  in  alcoholic  solution  with  finely  powdered  potassium  iotiide 
(7  grams)  for  four  hours,  during  which  operation  much  potassium  brom- 
ide separated.  After  diluting  with  water,  the  product  was  extracted 
with  ether,  the  ethereal  solution  washed  with  sodium  hydrogen  sulphite 
until  free  from  iodine,  dried  over  calcium  chloride,  and  evaporated. 
After  remaining  for  some  hours  over  sulphuric  acid  in  an  exliauste<l 
desiccator,  the  following  results  were  obtained  on  analysis : 

01896  gave  0-1349  Agl.     I  =  387. 

CyHjjO^l  requires  I  =  40  4  per  cent. 

This  crude  iodo-ester  was  treated  with  alcoholic  potash  in  the  manner 
described  in  the  case  of  the  corresponding  bromo-ester,  with  the  result 
that  <rrt7js  trimethylenedicarboxylic  acid  was  again  obtained  as  the 
principal  product  of  the  reaction. 

In  conclusion,  the  authors  desire  to  express  their  thanks  to  the 
Research  Fund  Committee  of  the  Chemical  Society  for  a  gi*ant,  out  of 
which  much  of  the  expen.se  of  this  research  was  defrayed. 

The  VicToniA  Uxivehsity, 

MANCHFSTKn. 
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XLV. — Studies  in  the  Caimphane  Series.     Part  XVI J  I. 
A  Neiv  Formation  of  Acetylcampkor. 

By  Martin  Onslow  Forster  and  Hilda  Mary  Judd,  B.Sc. 

CoxcuRRENTLY  with  experiments  on  the  behaviour  of  hydroxymethylene 
camphor  towards  magnesium  alkyl  halides,  we  have  studied  the  course 
of  the  Grignard  reaction  on  a-cyanocamphor,  and  find  that  whilst 
about  80  per  cent,  of  the  latter  escapes  attack  by  magnesium  methyl 
iodide,  this  agent  converts  the_  remainder  into  the  compound 

which  bears  to  acetylcamphor  that  relation  which  the  derivative 
obtained  by  heating  together  ammonium  formate  and  benzoylcamplior 
has  to  the  last-named  substance  (Forster,  Trans.,  1903,  83,  108) : 

r  H  ^ch.c(CoH,):nh  ch-co-CoH, 

Phenyliminoraethylcamphor.  Benzoylcamplior. 

Dilute  hydrochloric  acid  resolves  the  new  imino-compound  quantita- 
tively into  ammonia  and  acetylcamphor,  the  properties  of  which  are  in 
complete  agreement  with  those  described  by  Briihl  {Ber.,  1903,  36, 
4282),  who  first  obtained  this  /3-diketone  on  hydrolysing  methyl 
6'-acetylcamphorcarboxylate,  and  more  recently  by  the  action  of  zinc 
on  a  bromocamphof  dissolved  in  ethyl  acetate  {Ber.,  1904,  37,  755). 

The  Grignard  reaction  has  been  applied  to  nitriles  already  by  Blaise 
{Covipt.  rend.,  1901,  132,  839,  978,  and  133,  1217),  who  obtained 
crystalline  magnesium  compounds  of  the  type  CE.K.'IN*MgI,Kt.,0, 
yielding  ketones  when  decomposed  with  water,  but  the  experimental 
conditions  were  not  favourable  to  the  isolation  of  an  imino-compound. 
Moreover,  the  nitriles  examined  were  simple  in  structure,  and  in  view 
of  the  Ixdiaviour  of  other  camphor  derivatives  towards  magnesium 
methyl  iodide  (Forster,  this  vol.,  p.  232),  it  was  considered  desirable  to 
ascertain  whether  the  organo-metallic  compound  attacked  the  cai'bonyl 
group  in  preference  to  the  cyanogen. 

The  conversion  of  a-cyanocamphor  into  the  iiuino  of  acetylcamphor 
led  us  to  expect  that  the  action  of  magnesium  phenyl  bromide  would 
give  rise  to  the  phonyliininomothylcamphor  already  mentioned  ; 
Although  there  is  no  diiiiculty  in  isolating  this  compound  from  the 
protlucts  of  HMiction,  the  yield  is  inferior  to  that  of  the  acetylc.-unphor 
dorivutivo,  wliicli  is  obtainable  in  (juantitios  comparing  favourably 
with  the  return  from  Briibl's  process. 
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The  action  of  magnesium  alkyl  iodides  on  hydroxymethylene- 
cainphor  is  less  easy  to  interpret,  owing  to  the  fact  that  there  is 
produced  in  eacli  case  a  mixture  of  two  licjuid  substances  which  are 
separated  with  difticulty.  Moreover,  although  the  chemical  investi- 
gations of  Claisen  {A7inalen  1894,  281,  306)  and  the  physical  studies 
of  Hruhl  (/.  pr.  Ghem.,  1894,  [ii],  50,  209;  ZeU.  pttyaikal.  Chem, 
1900,  34,  31)  have  definitely  established  the  enolic  constitution  of 
hydroxymethylenecamphor,  it  is  necessary  to  keep  in  view  the  possi- 
bility of  that  substance  behaving  towards  magnesium  alkyl  halides  in 
the  manner  dissociated  with  aldehydes  : 

the  alternative  course, 

„      X:CH-OH  ,  .,        CX'H-OH 

being  that  followed  by  jsonitrosocamphor. 

]n  the  case  of  magnesium  methyl  iodide,  the  possible  isomeric  products 
would  have  the  empirical  formula  C/Y>U2„0j,  but  in  spite  of  several 
modifications  in  the  exj)eriments,  the  liquid  oVttained  has  invariably 
given  lesults  on  analysis  between  those  re<juired  by  this  formula  and 
by  that  of  its  anhydride.  Ultimately  an  individual  substance  having 
the  composition  Cj.Hj^O  was  isolated  by  treating  with  zinc  dust  in 
alcohol  the  crystalline  dibromide,  Cj^Hj^OBr.^,  produced  when  the  liquid 
mixture  is  treated  with  bromine  dissolved  in  light  petroleum.  Evi- 
dently, therefore,  the  initial  product,  C,^U^>„0^„  becomes  transformed  to 
some  extent  into  its  anhydride,  which  might  liave  the  constitution 
represented  by  any  of  the  formulai 

T    TH    ^V-^H'CH^  „       CICH-OH. 


^"   ^' "'4(eH3).r 


Indifference  towards  pliosphorus  j)entaehloride  and  the  beliaviour  of 
the  comjKJund  towards  bromine  preclude  expres:»ion  II,  whilst  the 
specitic  rotatory  power  [a]u  195°  seems  inconsistent  with  that  of 
ethylidenecamphor,  Minguin  having  shown  that  the  latter  substance  has 
[aju  113".  Moreover,  we  find  that  when  the  a-benzoyl  derivative  of 
hydroxymethylenecamphor  is  treated  with  magnesium  methyl  iodide 
the  product  is  a  mixture  of  the  compound  CY.HjgO,  obtained  from 
hydroxymethylenecamphor  itself,  with  a  substance  having  the  empirical 
formula  (-ViH^^Og,  from  which  it  doubtless  arises  by  the  elimination  of 
benzoic   acid ;   the  production  of   ethylidenecamphor  can    hardly  be 
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reconciled  with  this  observation,  as  the  a-benzoyl  derivative  of 
hydroxymethylenecamphor  probably  has  the  constitution 

It  is  moi-e  likely,  therefore,  that  the  conapound  Cj2Hjj.O  belongs 
to  the  oxide  class  and  has  the  constitution  'represented  by  formula 
III,  an  expression  which  accords  with  its  indifference  towards  phos- 
phorus pentachloride,  phenylcarbimide,  hydroxylamine,  and  ammo- 
niacal  silver  oxide,  whilst  agreeing  with  the  behaviour  of  the  dibrom- 
ide  towards  zinc  dust,  and  the  readiness  with  which  potassium 
permanganate  oxidises  it  to  camphoric  acid. 

The  action  of  magnesium  ethyl  iodide  on  hydroxymethylenecamphor 
proceeds  on  similar  lines.  In  this  case,  also,  a  mixture  is  obtained, 
consisting,  we  believe,  of  the  normal  compound  and  the  unsaturated 
oxide  derived  from  it  by  loss  of  water  : 

„  „     ,C:CHOH  r.  Ti  /9  ===  9H 

^»=»<qO,H,)-OH         ""■*         ^'-'^"<6(C,HJ-6    • 

Although  fractional  distillation  fails  to  separate  these  two  compounds, 
treatment  with  bromine  gives  rise  to  a  crystalline  dibromide, 

from  which  the  unsaturated  oxide,  C^gHgyO,  may  be  regenerated  by  the 
action  of  zinc  in  alcohol.  The  properties  of  the  substance  correspond 
with  those  of  the  lower  homologue,  CjgH^gO. 

Experimental. 

Conversion  qf  a-Cyanocamphor  into  Acetylcaviphor  and  Benzoylcamphor. 

Twenty  grams  of  a-cyanocamphor  were  added  to  an  ice-cold  ethereal 
solution  of  magnesium  methyl  iodide  prepared  from  100  grains  of 
methyl  iodide  and  14  grams  of  magnesium  powder,  the  action  being 
very  vigorous.  On  decomposing  the  jn-oduct  with  'wq  and  adding 
sufficient  acetic  acid  to  dissolve  the  magnesium  compounds,  a  consider- 
able proportion  of  unchanged  cyanocamphor  was  precipitated,  and  a 
further  amount  was  extracted  from  the  ethereal  layer  by  potassiiuu 
hydroxide.  After  this  treatment,  the  etiier  deposited  four  grams  of  a 
cryHtalline  substance  on  evaporation,  and  this  compound  has  been 
identified  as  the  imine  of  acotylcamphor, 

JII-C'Me:NII 


^."..<K. 


The  crude  material  was  dissolved  in  dilute  hydrochloric;  acid,  pre- 
cipitate J    witli    {>otaHHium    hydroxide,    dried    in    the    desiccator,   and 
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recrystallised  from  light  petroleum,  which  deposited  striated  prisms 
melting  at  126°.  A  solution  containing  02659  gram  in  25  c-.c.  oi 
chloroform  gave  oy,  5^36'  in  a  2-dcm.  tube,  whence  [a]^  2632. 

01099  gave  02987  CO.^  and  00975  HgO.     C-74'12  ;  H  =  9-86. 
CjaHiaON  requires  C  =  74  61  ;  H  =  9-84  per  cent. 

The  imine  obtained  in  this  way  decolorises  a  solution  of  bromine  in 
chloroform,  and  when  the  substance  dissolved  in  dilute  sulphuric  acid 
is  treated  with  potassium  permanganate,  the  latter  is  immediately  re- 
duced, a  transient  yellow  coloration,  suggesting  camphorquinone, 
being  followed  by  a  white,  crystalline  precipitate,  probably  consisting 
of  cam2)horic  acid.  Hot  aqueous  alkalis  have  no  effect  on  the  substance, 
which  does  not  reduce  ammoniacal  silver  oxide  or  Fehliug's  solution, 
but  ferric  chloride  develops  an  intense  blue  coloration  in  alcoholic 
solutions.  Phosphorus  pentachloride  slowly  ti*ansforms  the  com- 
pound into  an  oily  product,  and  benzoyl  chloride  acts  in  pyridine 
without  yielding  a  crystalline  derivative.  If  platinic  chloride  is 
added  to  a  solution  in  alcohol,  no  change  occurs  at  tirst,  but  a 
precipitate  of  ammonium  platinichloride  sep&ratee  slowly. 

The  picrate  separates  in  minute,  yellow  needles  on  mixing  warm 
alcoholic  solutions  of  the  imine  and  picric  acid.  Recrystallisation 
resolves  a  portion  of  the  salt  into  ammonium  picrate,  which  separates 
in  characteristic,  transparent  prisms,  from  which  the  lustrous  needlea 
of  the  imine  salt  can  be  sorted  mechanically.  The  latter  substance 
melts  at  143^,  forming  a  deep  red  liquid  which  does  not  evolve  gas. 

01 296  gave  15-2  c.c.  nitrogen  at  22^  and  760  mm.     N  =  13-65. 
CijHjyON,CgH807N3  requires  N  =  13-27  per  cent. 

Uydrohjsia  to  Acetyhamphor  and  Ammonia. — The  substance  was 
dissolved  in  dilute  hydrochloric  acid,  forming  a  solution  which  was 
clear  at  first,  but  gi-adually  became  turbid,  developing  the  odour  of 
peppermint.  On  wai'uiing  gently,  a  colourless  oil  sepaiiited,  quickly 
becoming  pale  yellow ;  this  was  collecteil  with  ether  and  dried  with 
calcium  chloride,  the  acid  liquid  being  treated  with  platinic  chloride, 
which  immediately  gave  an  orange-red,  crystalline  precipitate  of 
ammonium  platinichloride.  After  i-ecrystallisation  from  boiling 
water, 

0-2849  gave  01234  Pt.     Pt  =  43-31. 

(NH4)oPtCl6  requires  Pt  =  43-91  per  cent. 

Ou  evaporating  the  dried  ethereal  exti-act,  a  pleasant-smelling  oil 
remained,  having  all  the  properties  ascribed  by  Briihl  to  acetyl- 
camphor  {Ber.,  1903,  36,  4282),  the  odour  recalling  that  of  pepper- 
mint.     It   dissolves   readily    in    alkali    hydi-oxides,  and  in   alcoholic 
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solution  develops  with  ferric  chloride  an  intense  bluish-violet  colora- 
tion, which  becomes  reddish-violet  on  dilution  with  water,  and  yields 
a  beautiful  dark  red  precipitate  with  sodium  acetate.  The  charac- 
teristic copper  derivative  described  by  Briihl  was  obtained  also  from 
our  product,  and  crystallised  from  petroleum  in  dark  olive-green 
leaflets  melting  at  200°. 

0-2227  gave  0-0377  CuO.     Cu=  13-51. 

(C^^H.-^>j0.2).2G\i  requires  Cu  =  14*14  per  cent. 

Formation  of  Phenyliminomethylcamphor. — Ten  grams  of  a-cyano- 
camphor  were  added  to  a  solution  of  magnesium  phenyl  bromide 
prepared  from  70  grams  of  bromobenzene  and  9-6  grams  of  magnesium 
powder ;  the  ethereal  layer  obtained  on  decomposing  the  magnesium 
derivative  with  ice  and  acetic  acid  was  freed  from  cyanocamphor  by 
50  per  cent,  potassium  hydroxide,  evaporated  in  boiling  water,  and 
distilled  in  a  current  of  steam  in  order  to  remove  bromobenzene  and 
diphenyl.  The  residue  formed  a  sticky  solid,  which  became  granular 
by  treatment  with  a  small  quantity  of  cold  alcohol.  Dilute  hydro- 
chloric acid  extracted  from  this  material  a  substance  which  crystallised 
from  light  petroleum  in  long,  tough,  lustrous  needles  melting  at  118°, 
identical  with  the  compound  obtained  by  heating  enolic  benzoylcamphor 
with  ammonium  formate  (Forster,  Trans.,  1903,  83,  108). 

Action  of  Magnesiiivi  Methyl  Iodide  on  IJydroxyinethylenecamphor. 

Ten  grams  of  dry,  finely  powdered  hydroxymethylenecamphor  were 
added  in  small  portions  to  an  ice-cold  solution  of  magnesium  methyl 
iodide  prepared  from  150  c.c.  of  absolute  ether,  50  grams  of  methyl 
iodide,  and  7  grams  of  magnesium  powder,  a  somewhat  vigorous  action 
taking  place.  After  12  hours  crushed  ice  was  added,  followed  by  18 
grams  of  acetic  acid  diluted  with  water,  the  bright  pink  ethereal 
layer  being  washed  with  water  and  sodium  carbonate  ;  on  agitation 
with  aqueous  potassium  hydroxide,  the  colour  disappeared,  and  a  small 
quantity  of  unchanged  hydroxymethylenecamphor  was  removed, 
the  other  being  thou  evaporated  and  the  residue  distilled  in  a  current  of 
steam.  A  colourless  oil  passed  over  rapidly,  having  a  pleasant, 
refreshing  odour ;  it  was  collected  with  other,  quickly  dried  with 
calcium  chloride,  freed  from  ether,  and  distilled,  7  grams  boiling  at 
234''  under  765  mm.  pressure  being  obtained. 

0-2186  gave  0-6265  CO,^  and  0-1968  ll.,0.     0  =  7816;  11  =  1000. 
01983     „     0-5659  00.^    „    01790  JI/).     C  =  77-83  ;  11  =  1003. 

(;,  ,ll.^„().^  requires  C- 73-47  ;  Jl-  10-20  per  cent. 

(;,.JI,y()         „        C-80-90;    11  =  101 1  percent. 

This  product  bud  u  sp.  gr.  09639  at   19-*  aud  gave  aj,  329°20'  iu  a 
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2-dcra.  tube,  whence  [a]o  170-8°;  a  solution  containing  04647  gi-am 
in  20  c.c.  of  absolute  alcohol  at  19°  gave  aD7°40',  whence  [o]p  1650°. 
As  the  analytical  results  agreed  more  closely  with  the  composition  of 
tiio  anhydride,  C.^jHjj^O.^,  than  with  either  of  the  formuhe  quoted, 
determinations  of  molecular  weight  were  made  in  benzene,  giving  as  a 
mean  result  M  =  170  (Ci.,H,jjO  requires  M«=17S;  Cj^Uj^Oj  requires 
M  =  374).  The  oil  decolorised  bromine  in  chloroform  and  an  acidified 
solution  of  permanganate  immediately  in  the  cold,  but  gave  no 
coloration  with  ferric  chloride,  and  although  effervescing  with 
phosphorus  pentachloride,  the  action  quickly  subsided,  and  appeai-ed 
dispi"ojK)rtionatoly  slight  for  the  amount  of  material  involved. 

These  observations  indicating  a  mixture,  we  prepared  60  grams 
from  100  grams  of  hydroxy  methylenecamphor,  and  attempted 
to  isolate  an  individual  by  fractional  distillation,  obtaining  30  grams 
boiling  at  229 — 23 P  under  757  mm.  pressure,  the  temperature  then 
rising  to  240° ;  the  specific  rotatory  power  of  this  material  in  alcohol 
was  [a]u  1735°,  succeeding  fractions  having  [a]u  170-4°  (b.  p. 
231—232°)  and  [o]d  *166-3°  (b.  p.  232—236°).  On  redistilling  the 
first  fraction,  the  major  portion  boiled  at  229 — 230°,  but  the  analytical 
results  still  lay  between  those  re<piired  by  the  formulie  C^H^^O.,  and 

The  Dibromide,  CjgHigOBrj. 

Although  treatment  with  alcoholic  potassium  hydroxide  and  with 
concentrated  sulphuric  acid  failed  to  hydrolyse  the  anhydride  or  to 
dehydrate  the  hydroxy-derivative,  respectively,  and  so  furnish  a  single 
substance,  it  is  possible  to  isolate  the  anhydride,  C,.,H,gO,  from  the 
foregoing  mixture  in  the  form  of  the  dibromide,  Cj.2Hj^OBr2. 

The  oily  product  from  hydroxymethylonecamphor  and  magnesium 
methyl  iodide  was  mixed  with  chloroform,  cooled  in  ice,  and  treated 
with  its  own  weight  of  bromine  in  the  same  solvent.  The  colour  of 
the  halogen  was  destroyed,  and  hydrogen  bromide,  which  did  not 
appear  at  first,  was  liberated  in  some  quantity  as  the  liquid  evaporated  ; 
the  residue  consisted  of  a  yellow  oil,  in  which  crystals  wei-e  embedded, 
and  these  were  then  di-ained  on  eiirthenware  and  i*ecrystallised  twice 
from  boiling  light  petroleum. 

0-2263  gave  03491  CO.^  and  01105  H.p.     0  =  4207;  H  =  5-43. 
0-3403     „    0-3803  AgBr.     Br  =  4754. 
0-2574     „     0  2866  AgBr.     Br  =  4737. 
CijHigOBr^  requires  C  =  42-00^  H  =  532  ;  Br  =  47-34  per  cent. 

The  dibromide  is  readily  soluble  in  cold  ether,  acetone,  chloroform, 
ethyl  acetate,  and  glacial  acetic  acid,  moderately  so  in  alcohol  and 
light  petroleum,  crystallising  from  the  last  named  in  long,  transparent, 
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hexagonal  prisms,  which  melt  at  152 — 153°  without  decomposing.  A 
solution  containing  0'2664  gram  in  25  c.c.  of  chloroform  gave  co  3°2r 
in  a  2-dcm.  tube,  whence  [a]o  157*2°. 

The  Compound  C^gH^gO,  regenerated  from  the  Dihromide. 

Twenty  grams  of  the  dibromide  (m.  p.  152 — 153°)  were  dissolved 
in  100  c.c,  of  absolute  alcohol  sufficiently  warm  to  keep  the  substance 
in  solution  while  20  grams  of  zinc  dust  were  added  slowly  ;  it  is  neces- 
sary to  conduct  the  treatment  with  zinc  very  carefully,  as  the  action 
is  liable  to  proceed  beyond  control.  After  half  an  hour  on  the 
water-bath  in  a  reflux  apparatus,  the  alcohol  was  distilled  off  and  a 
current  of  steam  passed  through  the  residue  without  filtering  the 
excegs  of  zinc.  The  colourless  oil  was  collected  with  ether,  dried  with 
calcium  chloride,  and  distilled,  boiling  at  227 — 228°  under  764  mm. 
pressure.  Considerable  difliculty  was  experienced  in  analysing  the 
compound  and  its  homologue,  the  percentage  of  carbon  being  per- 
sistently nearly  1  per  cent,  too  low,  but  the .  production  from,  and 
conversion  into,  the  dibromide,  C^gH^gOBrg,  seem  to  preclude  other 
empirical  formulae. 

0-2361  gave  0-6929  COj  und  02202  Hp.     C  =  8004  ;  H  =  10-36. 
C^gHigO  requires  C  =  80-89;  H  =  10-11  per  cent. 

The  liquid  has  a  pleasant,  camphor-like  odour,  and  is  readily 
volatile  in  steam.  The  solution  in  chloroform  decolorises  bromine 
immediately,  and  on  evaporation  yields  the  dibromide  from  which  the 
substance  arises  by  the  action  of  zinc.  The  specific  rotatory  power 
corresponds  more  nearly  with  the  lower  fractions  of  the  mixture 
obtained  from  magnesium  methyl  iodide  and  hydroxymethylene- 
camphor  than  with  the  less  volatile  portion ;  a  solution  containing 
0-5257  gram  in  20  c.c.  of  chloroform  gave  an  10°15',  whence  [ajo  1950°. 

Oxidation  with  Potassium  Permanganate. — One  gram  of  the  oil  was 
shaken  with  a  2  per  cent,  solution  of  potassium  permanganate,  100  c.c. 
of  which  were  required  to  produce  a  permanent  pink  coloration ;  the 
filtered  liquid  was  evaporated  to  small  bulk  and  rendered  faintly  acid 
with  dilute  sulphuric  acid.  On  dissolving  the  precipitate  in  sodium 
carbonate  and  roprocipitating,  camplioric  acid  was  identified ;  the 
specimen,  when  recrystallised  from  boiling  water,  did  not  depress  the 
molting  point  of  the  pure  substance. 

Action  of  Mdgivminiii  Methyl  lodmle  on  the  a- Benzoyl  Derivative  of 
llydroxymethylenccamphor. 

In  their  {Niper  on  hydroxymothylenocamphor  (iinnafew,  1894,  281, 
314),    JJishop,  Claifion,  and   Sinclair   describe   two   isomeric   benzoyl 
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derivatives,  tlie  relationship  of  which  has  not  been  explained.  Of 
these,  the  a-compound  (m.  p.  119 — 120°)  is  obtained  by  the  Schotten- 
Baumaun  process  of  benzoylatioD,  and  we  have  studied  the  action  of 
magnesium  methyl  iodide  on  this  compound  under  the  conditions 
prescribed  for  hydroxymethylenecamphor  itself.  The  action  wms  less 
vigorous,  and  the  ultimate  product,  of  which  50  grams  were  obtained 
from  90  grams  of  material,  was  an  oil  liaving  an  odour  of  pep{>ermint  ; 
this  product  boiled  over  a  somewhat  wide  range  of  temperature,  the 
fraction  distilling  at  230 — 235"*  forming  the  major  {v>rtion  and  giving 
[o]d  122-1°. 

0-2207  gave  0-6457  CO,  and  01 993  HjO.     C- 79-79  ;  H-  1003. 
Ci.jHj^Og  requires  C  =  76  00  ;  U  =-   8  00  per  cent. 
CiyH„0,       „        C-80-85;  U-   7-80       „ 
CijHi^O         „        C-80-90;  H- 10-11 

The  substance,  therefore,  resembles  the  compound  C^^Hj^O,  and 
further  decolorises  bromine  in  chloroform  and  acid  potassium  per- 
manganate solutions.  Its  identity  with  that  material  was  established 
by  converting  it  into  the  dibromide,  which  crystallised  from  petroleum 
in  lustrous,  hexagonal  prisms  melting  at  152°. 

0-3183  gave  03524  AgBr.     Br  =  4712. 

CjgHooOjBr.,  requires  Br  =  36  20  per  cent. 
C^aH^^OBr,'        „        Br  =  4734        „ 

A  solution  containing  0-4196  gram  in  25  c.c.  of  chloroform  gave 
tto  5°15',  whence  [a]i,  156-4'^.  Thus  the  principal  result  of  treating 
the  a-benzoyl  dei'ivative  of  hydroxymethyleneciimphor  with  magnesium 
methyl  iodide  is  to  produce  the  oxide,  C\jHj^O,  identical  with  that 
obtained  from  hydroxymethylenecamphor  itself.  Nevertheless,  a 
benzoyl  compound  is  present  also,  because  on  passing  a  current  of 
steam  through  the  oil  which  was  drained  from  the  crystalline 
dibromide,  C^gHj^OBr^,  a  heavy  oil  came  over  having  the  irritating 
effect  on  the  eyes  produced  by  benzyl  bromide ;  on  heating  this 
liquid  with  alcoholic  potash  during  several  hours  and  distilling  the 
product  in  steam,  a  colourless,  heavy,  unsaturated  oil  was  obtained, 
still  rich  in  bromine.  Although  this  compound  decolorised  bromine 
in  chloroform  without  losing  hydrogen  bromide,  no  crystalline  deriv- 
ative was  obtained  from  it. 


Action  of  Magnesium  Ethyl  Iodide  on  Hydroxymethylenecamphor. 

Proceeding  in  the  manner  described,  we  obtained  from  20  grams  of 
hydroxymethylenecamphor,  14  grams  of  magnesium,  and  100  grams  of 
ethyl  iodide  dissolved   in  400  c.c.   of  absolute  ether,   16  grams  of  a 
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pleasant-smelling,  colourless  oil,  the  major  portion  of  which  distilled 
at  249 — 251°  under  770  mm.  pressure.  A  solution  containing  0-4484 
gram  in  20  c.c.  of  chloroform  gave  a^  6°46'  in  a  2-dcm.  tube,  whence 
[a]o  150-9°. 

0-1964  gave  05614  COg  and  0-1815  H^O.     0  =  77-96  ;  H  =  10-27. 
C13H20O   requires  0  =  81-24;  H=  10-41  percent. 
C13H22O2        „        0  =  74-28;  H  =  10-48 

As  in  the  cases  already  described,  the  normal  product  of  action 
appears  to  undergo  conversion  into  the  anhydride,  which  we  have 
isolated  by  the  process  indicated  for  the  compound  OjgHjgO.  The  oil 
was  mixed  with  light  petroleum  and  treated  with  its  own  weight  of 
bromine  in  the  same  medium  ;  the  first  portions  of  the  halogen  were 
decolorised,  the  liquid  afterwards  remaining  red,  and  yielding  on 
evaporation  crystals  embedded  in  oil.  The  solid  product,  the  weight 
of  Avhich  was  roughly  the  same  as  that  of  the  material  employed,  after 
drainage  on  earthenware  was  recrystallised  first  from  light  petroleum 
and  afterwards  from  hot  alcohol,  which  deposited  long,  colourless 
prisms  melting  at  88°. 

0-2458  gave  0-3925  COg  and  0-1255  H2O.     0  =  43-55;  H  =  5-67. 
0-3347     „     0-3561  AgBr.     Br  =  45-27. 
Oi3H2oOBr2  requires  0  =  44-32  ;  H  =  5-68  ;  Br  =  45-45  per  cent. 

The  dibromide  is  moderately  soluble  in  petroleum  and  in  alcohol, 
dissolving  freely  in  chloroform,  benzene,  acetone,  and  glacial  acetic 
acid,  crystallising  from  the  last  named  in  long,  flat,  striated  needles 
on  diluting  with  water.  A  solution  containing  05108  gram  in  25  c.c. 
of  chloroform  gave  an  5°20',  whence  [ajo  130-5°. 

On  dissolving  the  dibromide  in  warm  absolute  alcohol  and  adding 
zinc  dust  in  small  quantities,  a  very  vigorous  action  took  place,  and 
when  this  had  ceased  a  current  of  steam  was  passed  through  the  liquid, 
the  receiver  being  changed  as  soon  as  the  alcohol  had  been  removed. 
A  colourless,  limpid  oil  was  thus  obtained,  lighter  than  water,  and  having 
an  agreeable,  refreshing  odour  ;  it  boiled  at  236 — 238°  under  745  mm. 
pressure,  and  in  spite  of  the  dilHculty  experienced  in  the  combustion 
of  this  substance  we  have  no  doubt  that  it  is  the  unsaturated  con- 
stituent CiglljoO,  forming  the  major  portion  of  the  product  from 
bydroxymothylonecamphor  and  magnesium  ethyl  iodide. 

01240  gave  0'3649  COj  and  01 148  HjO.     O-80'26  ;  H-10'28. 
CigHjoO  requires  0-81-24  ;  H  =  10-41  per  cent. 

A  solution  containing  0*3834  gram  in  20  c.c.  of  chloroform  gave 


PHOTOGRAPHIC  RADIATION  OF  SOME  MERCURY  COMPOUNDS.      377 

od  6°27'  in  a  2-dcm.  tube,  whence  [a]o  168-2°.  Potassium  permanganate 
is  immediately  reduced  by  the  oil,  which  decolorises  bromine  in  chloro- 
form, regenerating  the  dibromide,  CjjHjoOBrj,  which  melts  at  88*^. 

RovAL  College  of  Scienck,  London, 
South  Kensington,  S.W. 


XL VI. — Photographic  Radiation  of  some  Mercury 
Compounds. 

By  Robert  de  Jersey  Fleming  Struthers  and  James  Ernest 

Marsh. 

While  working  on  the  cyanides  we  lately  prepared,  by  combining 
mercuric  cyanide  with  phenylhydrazine,  a  mercury  compound 
having  the  composition  HgC.^N,,2(NH._j-NH*CgH5),  this  substance, 
when  freshly  obtained,  being  a  colourless,  crystalline  solid.  After 
studying  the  compound  for  a  time  the  idea  was  impressed  on  us 
that  it  evolved  something  of  the  nature  of  an  emanation  or  radia- 
tion. This  impression  was  tested  by  the  following  experiments. 
The  film  of  an  "  Ilford  Ordinary  "  dry  plate  was  covered  by  a  piece 
of  white  paper,  and  on  this  a  small  portion  of  the  substance  was 
laid.  The  plate  thus  prepared  was  allowed  to  stand  in  the  dark 
for  about  ten  hours,  development  being  effected  by  a  pyrogallol  and 
sodium  carbonate  developer.  On  development,  the  plate  darkened 
markedly,  showing  a  dark  patch  underneath  the  spot  where  the 
substance  had  rested;  the  compound  had  therefore  acted  on  the 
film  through  the  paper.  Another  slightly  different  experiment  was 
made.  A  plate  of  zinc,  perforated  with  holes,  was  enclosed  between 
two  sheets  of  paper,  and  the  whole  interposed  between  the  photo- 
graphic plate  and  the  active  substance.  The  exposure  lasted  thirty- 
four  hours;  on  development  the  plate  darkened  markedly  in  spots 
corresponding  with  the  perforations.  There  was  a  little  darkening 
observed  beneath  the  zinc,  but  since  Dr.  Russell  has  shown  that 
metallic  zinc  exerts  an  action  on  a  photographic  plate,  this  is  easily 
explicable. 

These  experiments  being  so  far  satisfactory',  a  severer  test  was 
applied.  Since  certain  kinds  of  radiation  pass  through  aluminium, 
a  plate  was  covered  with  a  sheet  of  this  metal  about  0  003  cm.  in 
thickness.  On  this  the  substance  was  placed;  no  effect,  however, 
was  prodvxcd,  even  after  many  days'  exposure.  This  result  is,  how- 
ever, by  no  means  surprising,  as  Rutherford  has  shown  that  0  0017 
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cm.  of  aluminium  is  sufficient  to  absorb  all  the  a-rays  from  radium. 
When  thinner  aluminium  was  employed,  quite  a  different  result  was 
obtained.  The  substance  was  not  placed  in  contact  but  exposed  at 
some  distance  from  the  plate,  which  was  wrapped  in  the  foil, 
the  film  being  covered.  It  was  then  laid  face  downwards  on  a 
watch-glass  containing  a  small  portion  of  the  substance,  and  to  this 
it  was  secured  by  india-rubber  bands.  After  about  two  days,  the 
plate  was  removed  and  developed,  when  a  dark  circular  patch 
appeared,  coinciding  with  the  area  of  the  watch-glass.  It  was,  how- 
ever, much  denser  over  the  space  occupied  by  the  substance.  The 
action  was  in  no  way  due  to  the  aluminium,  for  although  covered 
with  the  foil,  no  action  took  place  outside  the  part  enclosed  by  the 
watch-glass.     The  exposure  lasted  about  forty  hours. 

Since  quartz  is  a  medium  very  transparent  to  certain  rays,  it  was 
thought  desirable  to  ascertain  whether  the  substance  could  act 
through  a  layer  of  rock-crystal.  A  portion  of  the  compound  was 
accordingly  placed  in  a  watch-glass,  covered  by  a  disc  of  quartz, 
and  the  whole  exposed  under  a  dry  plate  for  a  couple  of  days.  On 
the  first  ti'ial  there  appeared  to  be  a  very  slight  action;  but,  on 
repeating  the  experiment,  no  darkening  of  the  film  was  observable. 

Having  thus  made  out  a  'prima  facie  case  in  favour  of  some  sort 
of  radiation  or  emanation  from  the  substance,  this  was  likewise 
tested  for  any  signs  of  electrical  activity.  Mr.  P.  J.  Kirkby  kindly 
undertook  this  for  us,  but  failed  to  detect  any  such  action. 

The  photographic  action,  however,  takes  place  through  paper  and 
aluminium  foil,  both  of  which,  as  we  have  shown,  readily  stop  the 
massive  a-radiation  of  radium. 

We  have  prepared  a  copper  compound  similar  in  constitution  to 
the  active  mercuric  compound,  and  have  tested  it  similarly  on  a 
plate  covered  with  a  perforated  sheet  of  zinc  and  two  pieces  of 
paper.  There  appeared,  however,  to  be  no  action — in  fact,  the 
space  under  the  perforations  seemed  in  some  cases  to  be  clearer 
than  the  surrounding  film.  This  effect,  again,  is  readily  explicable 
by  Dr.  Russell's  researches. 

To  prove  whether  the  mercury  compound  omits  a  vapoiir  which 
might,  directly  or  indirectly,  act  on  a  photographic  plate,  rather 
more  than  a  gram  of  substance  was  kept  for  several  weeks  in  a 
desiccator  over  concentrated  sulphuric  acid.  Any  phenylhydrazino 
vapour,  should  such  bo  evolved,  would  at  once  bo  absorbed.  The 
substance  was  weighed  at  intervals  of  a  day  or  two.  At  first  there 
seemed  to  bo  practically  no  loss,  but  on  extending  the  investigation 
over  a  period  of  some  weeks,  a  small  decrease  in  weight  became 
apparent.  After  four  weeks,  the  loss  had  only  amounted  to  014 
per  cent.,  equal  to  five  parts  per  hundred  tiiousand  i)er  diem. 
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The  generators  of  the  active  mercury  compound,  namely,  mercuric 
cyanide  and  phenylhydrazine,  were  tested  separately  to  ascertain 
whether  they  would  have,  per  se,  any  effect  on  a  sensitive  film. 
Phenylhydrazine  was  found  to  be  active,  but  the  effect  was  more 
diffused  and  sluggish  than  when  in  combination.  A  few 
drops  in  a  watch-glass  placed  under  a  dry  plate  formed  an 
image,  which  covered  the  whole  space  enclosed  by  the  watch-glaas, 
whereas  with  our  mercury  compound  the  photographic  effect  was 
densest  immediately  above  the  subsUnce,  and  much  lighter  round 
the  edge  of  the  watch-glass.  When  similarly  tested,  the  other  con- 
stituent, mercuric  cyanide,  gave  some  quite  unexpected  results.  We 
were  prepared  to  find  that  this  was  an  inactive  subsUuce.  How- 
ever, on  exposing  a  plate  over  a  small  quantity  contained  in  a 
watch  glass  for  about  twenty-four  hours,  it  produced  a  fairly  strong 
image,  which  coincided  with  the  outline  of  the  substance,  and  did 
not  extend  to  the  edge  of  the  watch-glass.  It  had  a  striated  appear- 
ance, and  seemed  such  as  might  have  been  caused  by  a  sort  of 
bombardment  of  particles  from  the  substance  rather  than  by  a 
slowly  diffusing  vapour.  We  therefore  determined  to  investigate 
the  action  of  this  substance  more  fully.  Some  of  the  cyanide  was 
placed  in  a  tube,  and  heated  by  the  flame  of  a  bunsen  burner. 
After  the  usual  decrepitation  had  ceased  and  the  substance  was  on 
the  verge  of  decomposition,  it  was  allowed  to  cool.  The  cyanide 
thus  prepared  was  exposed  under  a  photographic  plate  as  before. 
On  development,  no  trace  of  action  was  visible.  The  heating  had 
rendered  the  mercuric  cyanide  inert. 

Having  devised  a  method  by  which  mercuric  cyanide  might  be 
distilled  in  a  high  vacuum  without  any  decomposition  such  as  occurs 
when  it  is  heated  under  ordinary  atmospheric  pressure,  some  of  the 
substance  was  placed  in  a  small  retort  and  volatilised  by  this 
method.  The  tube  of  the  retort  in  which  the  distillate  had  con- 
densed was  cut  into  cross  sections,  and  the  contents  of  each  exposed 
separately  under  a  photographic  plate  to  find  whether  the  active 
principle  had  again  condensed  at  any  part  of  the  tube.  None  of 
these  sections,  however,  proved  to  be  active. 

Mercuric  cyanide,  therefore,  is  not  active  under  all  conditions. 
We  desired  to  find  out  whether  this  activity  is  general  or  acquired, 
or  whether  it  is  owing  to  an  impurity  contained  in  the  salt  1  To 
throw  some  light  on  this  subject  we  tested  as  many  specimens  of 
the  cyanide  as  were  to  be  found  in  our  laboratories.  Of  several 
samples,  all  were  found  active  but  one,  and  this  was  apparently  a 
very  old  specimen.  A  specimen  of  the  salt  prepared  from  inactive 
mercuric  oxide  and  carefully  prepared  hydrocyanic  acid  was  found 
to  be  active.     When  mercuric  cyanide  was  covered  by  a  layer  of 
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water  and  the  whole  exposed  under  a  plate,  there  was  no  action. 
When,  however,  inactive  mercuric  cyanide  was  slightly  moistened 
with  water,  it  became  active. 

After  having  discovered  that  mercuric  chloride  is  very  active, 
which  we  did  early  in  the  investigation,  we  thought  it  highly 
probable  that  the  somewhat  weaker  activity  of  the  cyanide  might 
be  due  to  the  presence  of  traces  of  the  chloride.  This  idea  was 
strengthened  by  the  fact  that  mere  traces  of  mercuric  chloride,  when 
added  to  inactive  cyanide,  produced  an  active  mixture.  The  most 
careful  investigation,  however,  failed  to  reveal  the  slightest  con- 
tamination with  mercuric  chloride  in  some  of  the  most  active 
specimens  of  mercuric  cyanide.  The  active  effect  is,  therefore, 
apparently  quite  independent  of  the  presence  of  chloride,  and  as  it 
still  appeared  in  the  mercuric  cyanide,  which  was  prepared  by  us 
with  the  greatest  care  from  pure  materials,  as  above  stated,  this 
idea  may  be  dismissed  as  most  improbable. 

The  tests  to  which  we  subjected  mercuric  chloride  showed  this 
substance  to  be  very  active.  A  plate  exposed  over  a  small  quantity 
in  a  watch-glass  darkened  strongly  on  development.  In  order  to 
test  whether  this  resembled  the  cyanide  in  its  behaviour  after  heat- 
ing, a  few  grams  were  distilled  under  ordinary  atmospheric  pressure 
until  about  two-thirds  had  passed  over  into  the  receiver.  Small 
portions  of  distillate  and  residue  were  each  exposed  in  a  separate 
receptacle  under  the  same  dry  plate.  On  developing  the  plate, 
both  portions  produced  images  of  about  equal  intensity.  The  dis- 
tillate formed  rather  a  larger  and  wider  image,  but  this  difference 
may  have  been  merely  accidental.  The  chloride,  therefore,  is 
unlike  the  cyanide,  since  its  activity  persists  unchanged  after  heat- 
ing and  distilling. 

Mercuric  cyanide  and  chloride  havirig  proved  to  be  active,  it 
seemed  possible  that  other  compounds  of  the  metal  might  produce 
similar  effects.  Accordingly,  mercuric  bromide,  iodide,  nitrate, 
sulphate,  acetate,  sulphide,  oxide,  and  mercuric  ammonium  chloride 
were  tested,  as  were  also  mercurous  chloride,  nitrate,  sulphate, 
acetate,  and  oxide.  Of  these,  the  bromide  and  both  the  nitrates 
were  active,  but  all  the  other  salts  were  inactive  or  at  most  very 
slightly  active. 

Redistilled  metallic  mercury  was  found  to  be  quite  inactive  as 
regards  an  ordinary  dry  plate. 

Silver  cyanide,  cither  white  or  when  darkened  by  light,  had  no 
action;  neither  was  cuprous  cyanide  active. 
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XLVil. — Nitrogen  Halogen  Derivatives  of  the  Aliphatic 

Diamines. 

By  Fhedeeick  Daniel  Chattaway. 

Although  a  few  substances  obtained  by  the  direct  action  of  the 
lialogens  on  simple  aliphatic  primary  amines  were  among  the  earliest 
nitrogen  chlorides  and  bromides  to  be  prepared,  and  although  the 
quinonedichloroimides  derived  from  aromatic  diamines  have  long  been 
known  and  have  recently  received  important  industrial  applicatiouB, 
no  compounds  of  this  nature  have  hitherto  been  obtained  from  the 
aliphatic  diamines. 

The  aliphatic  diamines  themselves,  however,  and  the  dia<^'yldiaminM 
readily  yield  compounds  in  which  the  whole  of  the  hydrogen  attached 
to  nitrogen  is  replaced  by  halogen,  and  in  the  coui-se  of  a  systematic 
investigation  of  compounds  of  this  type  on  which  the  author  is 
engaged,  a  number  of  derivatives  of  ethylenediamine  and  trimethylene- 
diamine  have  been  prepared.  The  most  noteworthy  compounds 
obtained  are  those  yielded  by  ethylenediamine  itself,  ethylenetetra- 
chlorodiamine,  NOlo'CHo'CH^'NClj,  and  ethylenetetrabromodiamine, 
NIJrjj'CHg'CH^'NBrj,  which  approach  the  simple  halogen  derivatives 
of  nitrogen  more  nearly  in  composition  than  any  compounds  yet  known 
or  which  are  likely  to  be  prepared.  lioth  are  stable  substances  ;  the 
former  is  a  limpid,  yellow  liquid  resembling  nitrogen  chloride  in 
colour,  pungent  odour,  and  explosibility,  the  latter  a  beautifully  crys- 
talline, orange-red  solid  which  is  also  extremely  explosive. 

EthyleiietetracJdorwtminodiamine^  NClj*CHj*CH,*NCI.^. 

This  compound  was  prepared  by  dissolving  ethylenediamine  (1  mol.) 
in  50  per  cent,  acetic  acid  (6  mols.)  and  adding  this  liquid  slowly  to  a 
large  excess  of  a  cooled  saturated  solution  of  bleaching  powder.  The 
tetrachloroamine  then  sepai-ated  as  a  pale  yellow  liquid  and  was 
extracted  by  chloroform ;  on  separating  the  chloroform  solution,  dry- 
ing it  with  fused  calcium  chloride,  and  evaporating  off  the  solvent  in  a 
current  of  air,  it  was  obtained  anhydrous  and  in  a  pure  state. 

Ethylenetetrachlorodiamine  is  a  limpid,  bright  yellow  liquid,  which 
does  not  solidify  when  cooled  in  a  mixture  of  ice  and  salt ;  it  decom- 
poses, sometimes  with  explosion,  when  heated  under  the  ordinary 
atmospheric  pressure,  but  can  be  distilled  unchanged  under  diminished 
pressure;  it  boils  at  116°  under  50  mm.  pressure.  When  a  small 
quantity  contained  in  a  capillary  tube  is  placed  directly  in  a  flame,  it 
explodes  with  great  violence.  It  is  comparatively  stable  at  the  ordinary 
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temperature,  not  undergoing  any  appreciable  decomposition  when  kept 
for  some  weeks  in  a  dry  atmosphere. 

It  gives  off  a  very  pungent  and  irritating  vapour,  which  violently 
attacks  the  eyes  and  has  a  peculiar  smell  very  characteristic  of  the 
chloroamines  and  recalling  that  of  nitrogen  chloride  itself. 

This  compound  and  all  others  described  in  the  paper  were  analysed 
by  dissolving  them  in  acetic  acid,  adding  to  the  solution  potassium 
iodide,  and  titrating  the  iodine  thus  liberated  with  standard  sodium 
ihiosulphate. 

0-1767  liberated  1  =  71-5  c.c.  i\^/10I.     CI  (as  NCI)  =  71-72. 
C2H4N2CI4  requires  CI  (as  NCI)  =  71-65  per  cent. 

Ethylenetetrahromodia'mine,  NBrg'CHj'CHg'NBrg. 

A  solution  of  ethylenediamine  in  the  equivalent  quantity  of  acetic 
acid  was  poured  into  a  considerable  excess  of  a  cooled  decinormal  solu- 
tion of  hypobromous  acid,  when  a  pale  yellow  solid  at  once  separated. 
Chloroform  was  then  added  and  the  whole  shaken  for  some  time,  but 
the  solid  only  partially  dissolved.  The  undissolved  portion  was 
filtered  off  and  dried  over  phosphoric  oxide  in  a  vacuum.  It  slowly 
evolved  bromine  at  the  ordinary  temperature,  and  could  not  be  recrys- 
tallised  from  any  solvent  without  decomposition;  it  appears  to  be  a 
bromine  additive  product  of  a  partially  substituted  ethylenediamine. 
As  its  composition  varied  with  the  manner  of  drying  and  the  length  of 
time  it  was  kept,  it  was  not  further  investigated. 

The  filtered  chloroform  solution,  on  drying  and  evaporating  off  the 
solvent,  deposited  the  ethylenetetrabromoamine  as  a  beautifully 
crystalline,  orange-coloured  solid.  When  crystallised  from  chloroform, 
in  which  it  is  easily  soluble,  it  separated  in  brilliant,  orange-red,  short, 
six-sided,  flattened  prisms  with  domed  ends. 

0-4084  liberated  I  =  86-8  c.c.  iV^/10  I.     Br  (as  NBr)  =  84-97. 
C2lf4N2Br^  requires  Br  (a8NBr)  =  85-07  percent. 

It  melts  at  62",  and  if  heated  a  few  degrees  higher  gives  off  gas,  and 
almost  at  once  explodes  with  a  very  violent  detonation.  It  remains 
unchanged  for  some  days  in  a  dry  atmosphere,  but  if  kept  for  several 
weeks  slowly  decomposes  giving  off  bromine  and  leaving  behind  a 
black,  tarry  mass. 

B-J){aceti/h:t/ii/fenp<l!c/ihrodiav)ine, 
CH3-C(>NCl-CH./Cllo-NCI-C0'CII.,. 

«-Diacelylelhylonodiainiue  was  diMsolvod  in  water  and  mixed  with 
an  excess  of  a  solution  of  hypochlorous  acid  made  by  dissolving  potass- 
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ium  hydrogen  carbonate  in  a  solution  of  sodium  hypochlorite.  The 
dichloroamine  produced,  being  soluble  in  water,  remained  dissolved,  and 
was  extracted  by  shaking  the  solution  several  times  with  chloroform. 
After  separating  and  drying  the  chloroform  solution  with  calcium 
chloride,  the  solvent  was  driven  off  in  a  current  of  air,  when  the 
dichloroamine  was  left  as  a  white,  crystalline  mass ;  it  is  moderately 
soluble  in  chloroform,  very  sparingly  so  in  petroleum.  It  was 
dissolved  in  chloroform,  and  a  little  warm  petroleum  added,  when  it 
crystallised  in  short,  colourless,  transparent  prisms  terminated  by 
pyramids  (m,  p.  94°). 

0-2190  liberated  1  =  41  c.c.  iVVlO  I.     CI  as  NCI  =  33-18. 
CaHioO^N^Clj  requires  CI  as  NCI  =  33-27  per  cent. 

It  is  a  compai'atively  stable  substance,  but  decomposes  slightly, 
giving  off  chlorine,  when  kept  for  some  months,  even  in  a  dry  atmos- 
phere and  when  the  light  is  excluded. 

B-Diac€ti/lethylenedibro»u>diamine, 
CHj-CO-NBr-CHj-CHj-NBr-CO-CH,. 

This  compound  was  prepared  and  crystallised  exactly  as  the  correspond- 
ing dichloroamine,  using,  however,  adecinormal  solution  of  hypobromous 
acid  made  by  shaking  precipitated  mercuric  oxide  suspended  in  water  with 
bromine  ;  it  crystallises  in  short,  transparent,  very  pale  yellow  prisms. 
On  heating,  it  reddens  and  melts  at  about  150 — 155°,  giving  off  bubbles 
of  gas,  and  almost  immediately  explodes. 

0-2418  liberated  1  =  31-9  c.c.  iV^/10  I.     Br  as  NBr  =  52-74. 
CgHjoOgNgBrj  requires  Br  as  NBr=  52  94  per  cent. 

B-DipropionyletJiylenediamine,  CjH^(NH*C0*CjH5)j. 

This  and  a  number  of  other  diacyl  derivatives  of  the  aliphatic  diamines 
not  previously  described  were  prepared  by  adding  the  diamine  cautiously 
to  the  calculated  quantity  of  the  corresjwnding  acid  anhydride  or  chloride 
dissolved  in  ether.  After  the  first  vigorous  action,  which  was  always 
accompanied  by  the  separation  of  the  diacyl  derivative,  was  over  the 
product  was  warmed  on  the  water-bath  to  drive  off  the  ether  and  the 
residue  heated  for  a  short  time  with  an  aqueous  solution  of  the 
calculated  quantity  of  potassium  hydrogen  carbonate.  The  product 
was  then  recrystallised  from  a  suitable  solvent,  chloroform,  alcohol,  or 
glacial  acetic  acid  being  used  according  to  the  solubility  of  the 
compound. 

s-Dipropionylethylenediamine  crystallises  from  alcohol,  in  which  it  is 
easily  soluble,  in  small,  colourless  plates  (m.  p.  192°). 
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s-Dipropionylethylenedichlorodiamine, 
CHa-CH^-CO-NCl-CH^-CHg-NCl-CO'CHg-CHg. 

This  compound  was  prepared  by  shaking  a  solution  of  s-dipropionyl- 
ethylenediamine  in  chloroform  with  excess  of  a  solution  of  hypochlorous 
acid  and  treating  as  before  ;  it  was  obtained  as  a  pale  yellow,  limpid, 
highly  refractive  liquid  with  a  smell  resembling  hypochlorous  acid ;  it 
showed  no  sign  of  crystallisation,  even  after  standing  in  a  vacuum  over 
phosphoric  oxide  for  several  weeks.  When  strongly  heated,  it  decom- 
poses almost  explosively. 

0  3244  liberated  1  =  53-7  c.c  Nj\0  I.     CI  as  NCI  =  29-34. 
Cg^Pj^OgNgClg  requires  CI  as  NCI  =  29-41  per  cent. 

s-Dipropioni/lethylenedibromodiamine, 
CHg-CHg-CO-NBr-CH/CHa'NBr-CO-CHg-CHa. 

This  compound,  prepared  as  previously  described,  crystallises  in  trans- 
parent, slender,  flattened,  pale  yellow  prisms;  it  melts  at  11 2°  and  when 
more  strongly  heated  decomposes  explosively  at  about  160°. 

0-2306  liberated  1  =  27-9  c.c.  iT/lO  I.     Br  as  NBr  =  48-37. 
CgHj^O^NjBrg  requires  Br  as  NBr  =  48-44  per  cent. 

&-Dij)henylacetylethylenediamine,  Q.^i^{^R'QO'Cl^,^'Q^^\l^^^  crystal- 
lises from  alcohol,  in  which  it  is  modei'ately  soluble,  in  large,  thin, 
glittering,  six-sided,  colourless  plates  (m.  p.  207°). 

B-Dip/ienylacetylethylenedichlorodiamine, 
CaH.-CHj-CO-NCl-CHj-CHg-NCl-CO-CHj-C^Hs, 
prepared  as  previously  described,  is  obtained  as  a  viscid,  oily,  palo  yollow 
liquid  whicli  very  slowly  solidifies  ;  it  crystallises  from  a  mixture  of 
chloroform  and  light  petroleum  in  small,  colourless,  four-sided  plates 
which  melt  at  65°. 

0-3978  liberated  I  =  43-1  c.c.  iV/10  I.     CI  as  NCI  =19-2. 

Cj8ir,jO.^NjClj  requires  CI  as  NCI  =  19-42  per  cent. 

^-DipJtanylacetylethylenedibromodiamine, 

0,Hj-CH./CO-NBr-CH,-CII,-NBr-CO-CH2-CoH5, 

cryHtalliBCH  from  a  mixture  of  chloroform  and  jMitroleum  in  clusters  of 

trauHparont,  very  pale  yollow  plates;  it  molts  at  128°   and  if  heated 

rapidly  above  thin  temporaturo  explodes  at  about  150°. 

0-2272  liberated  I  =  198  c.c.  iV/10  I.     Br  as  NBr-34-84. 
C|H'^i8^2^2^^'*a  ro<|"ire8  Br  as  NBr- 35-21  \)qv  cent. 
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^Diheuzoylethijhnedichlorodiainine, 
C^Hj-CO-NCl-ClIj-CH/NCI-CO-CVUs. 

This  compound  was  prepared  by  slowly  adding  an  excess  of  a  solution 
of  bleaching  powder  to  a  well-cooled  solution  of  «-dibenzoylethylene- 
diamino  in  glacial  acetic  acid.  The  dichloroamine,  which  separated  at 
first  as  a  yellow,  viscid  liquid,  was  extracted  with  chloroform,  and  this 
solution  shaken  with  a  fresh  solution  of  hypochloi-ous  acid  made  from 
potassium  liydrogon  carbonate  and  sodium  hypochlorite.  On  separating 
and  drying  the  solution,  and  driving  off  the  chloroform  in  a  current 
of  air,  the  dichloroaniine  was  left  as  a  beautifully  crystalline  solid. 
It  crystallises  from  chloroform,  in  which  it  is  sparingly  soluble,  in 
glittering,  transparent,  colourless,  four  sided,  rhombic  pkto.s,  which  ai-e 
apparently  flattened  rhombs.  It  melts  at  162*^,  and  when  heated  a 
few  degrees  higher  decomiJoses,  giving  off  bubbles  of  gas, 

0-3160  liberated  I  =  37-7  c.c.  iV710  I.     CI  as  NCI  =  2114. 
Ciglli^O.N.Cl.^  requires  CI  as  NCI  =  21  03  per  cent. 

s-Dibenzoi/lethyleiiedtbromoiliamine, 
C^HjCO-NBr-CHj-CH/NBr-CO-C^Hj. 

This  compound  was  prepared  by  adding  a  solution  of  a-dibenzoyl- 
ethylenediamine  in  glacial  acetic  acid  to  a  well-cooled  solution  of 
hypobromous  acid.  The  solid  which  separated  waf  dissolved  in  glacial 
acetic  acid  and  the  solution  again  added  to  well-cooled  hypobromous  acid 
solution.  The  dibromoamine  was  then  dried  and  recrystallised  from 
chloroform,  in  which  it  is  sparingly  soluble  ;  it  crystallises  in  small, 
brilliant,  transparent,  four-sided,  very  pale  yellow  plates.  When 
quickly  heated  at  about  180 — 182°,  it  melts  with  reddening  and 
decomposition,  but  the  melting  point  varies  with  the  time  taken  in 
heating,  as  decomposition  begins  before  the  compound  melts. 

0-3032  liberated  I  =  28-4  c.c.  ^A'/IO  I.     Br  as  NBr  =  3745. 
Cj^jHi^OoN^Br.,  requires  Br  as  NBr  =  3753  per  cent. 

s-Di-vOi-nitrobenzoylethi/lenediainine,  CjH^(NH'C0'CgH^*N0j).2,  crys- 
tallises from  glacial  acetic  acid,  in  which  it  is  very  sparingly  soluble,  in 
small,  colourless  needles  with  a  faint  yellow  tint  (m.  p.  257°). 

s-Di-va-nitrobenzoyletkylenedichlorodiamine, 

<^     ^C0-NC1-CH2-CH2-NC1-C0<^~N 

NO2  NO, 

This  and  the  other  dichloroamines  derived  from  diacyl  compounds 
only  sparingly  soluble  in  glacial  acetic  acid  were  prepared  by  rapidly 
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adding  bleaching-powdei'  solution  to  a  warm  solution  of  the  amide  in 
glacial  acetic  acid.  It  crystallises  from  chloroform,  in  which  it  is  very 
sparingly  soluble,  in  brilliant,  small,  transparent,  colourless  plates  with 
a  slight  yellow  tint.  It  melts  at  173°,  and  on  further  treating  remains 
apparently  unchanged  up  to  220°,  but  when  heated  rapidly  in  a  flame 
decomposes  explosively. 

0-2236  liberated  1  =  20-8  c.c.  iVVlO  I.     CI  as  NCI  =  16-49. 
CigHj2^(j^4^^2  requires  CI  as  NC1  =  16-6  per  cent. 

s-Di-p-nitrobenzoylethylenediamine,  G23.^(N K'GO'GQTiL^'^O^)^,  crys- 
tallises from  glacial  acetic  acid,  in  which  it  is  sparingly  soluble,  in  pale 
yellow,  irregularly  grown  prisms  (m.  p.  254°). 

s-Di-p-nitrobenzoi/lethi/lenedicMorodiamine, 
'^^2\     NC0-NC1'CH2*CH2-NC1'C0<^     ^NOg, 

is  very  sparingly  soluble  in  chloroform,  from  which  it  crystallises  in 
small,  colourless  plates  with  a  faint  yellow  tint  (m.  p.  207°).  When 
heated  more  strongly,  it  decomposes  with  evolution  of  gas  at  about  215°, 
and  explodes  when  rapidly  heated  in  a  flame. 

0-1325  liberated  1  =  12-4  c.c.  iV/lO  I.     CI  as  NCI  =  16-59. 
CjgHjgOgN^Clj  requires  CI  as  NC1=  16-6  per  cent. 

s-Dihenzenesulphonylethylenedichlorodiamine, 
C6H5-S02-NC1-CH2-CH2-NC1-S02-C^H5. 

This  compound  was  prepared  by  adding  bleaching-powder  solution 
to  a  solution  of  the  amide  in  glacial  acetic  acid,  extracting  with  chloro- 
form, and  treating  as  before  described  ;  it  crystallises  from  a  mixture 
of  chloroform  and  light  petroleum  in  clusters  of  slender,  colourless 
prisms.  It  melts  at  113°  and  can  be  heated  to  200°  with  very  slight 
decomposition ;  when  heated  strongly  in  a  flame,  it  decomposes 
explosively. 

0-2787  liberated  1  =  27-2  c.c.  iV/10  I.     CI  as  NCI  =  17-3. 

Ci^Hj^O^N^Cl^S.^  requires  CI  as  NCI  =  17-32  percent. 

BrDibenzenesulphoni/lethi/lenedibromodiamine, 
0«Hj-SO./NBr-CH,-CHj'NBr-SOj-CeH„ 

orystallises  from  n  mixture  of  chloroform  and  light  petroleum  in  clusters 
of  pale  yellow  prisms  (m.  p.  134°).  On  licating  above  this  temperature, 
it  deoompos66|  roddoning  and  evolving  gas  at  about  100 — 175°.  When 
heated  rapidly  in  a  flame,  it  explodes. 
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0-3667  liberated  I  =  29-4  c.c.  ^/lO  I.     Br  as  NBr  =  32-05. 
C^Hj^O^NjBr^Sj  requires  Br  as  NBr  =  32-l  per  cent. 

I)i-p-toluen6StUphoni/lethylenedic/Uorodtamtne, 
CHg<^    \S0,-NC1  •  CH,-CH,-NC1-S0,<^  ~/CH,. 

This  compound  is  moderately  easily  soluble  in  chloroform,  and  crys- 
tallises in  long,  colourless,  very  slender  prisms.  It  melts  at  136°  and 
can  be  heated  to  200^  with  no  apparent  change,  but  at  200 — 210°  it 
decomposes  rapidly  with  evolution  of  gas. 

0-3524  liberated  I  =  32-3  c.c.  .V/10  I.     CI  as  NCI  =  16-24. 

CigHigO^NjClaS.  roijuiivs  C]  a^  NCI  =  16-21  per  cent. 

Di'i>-toluenestilp/ioni/let/iylenedtbromodiamine, 
CH8<^     ^S0/NBr-CH2CHj-NBr-S0,<^     /CH,. 

This  compound  crystallises  extremely  well  in  clusters  of  pale  yellow, 
transparent,  glittering  plates;  it  melts  at  165°,  and,  on  heating  to 
about  170°,  it  reddens  and  begins  i-apidly  to  decompose,  evolving 
bubbles  of  gas ;  if  heated  rapidly  at  about  180°,  it  explodes. 

0-3087  liberated  I  =  234  c  c.  .V/IO  I.     Br  as  NBr  =  30-31. 
CjgH,^O^N2Br.^S2  requires  Br  as  NBr  =  30  39  per  cent. 

Di-m-nitrobenzene»ulj)/ionyletht/lenediamine, 

C,H,(NH-S02-C«H,-N0,,)„ 

crystallises  from  glacial  acetic  acid  in  very  small,  colourless  plates  with 
a  faint  yellow  tint  and  melts  somewhat  indefinitely  at  189 — 191°. 

/)i-m-niti'obenzeiiestUj)fioni/lethi/letiedic/dorodiamine, 

'/~NsO./NCl-CH2-CHj-NCl-SO,/~\   . 

NOj  NO, 

This  compound,  which  was  prepared  by  adding  bleaching-powder 
solution  in  excess  to  a  hot  solution  of  the  amide  in  glacial  acetic  acid, 
is  so  sparingly  soluble  in  chloroform  that  it  was  recrystallised  from 
glacial  acetic  acid,  in  which  it  is  moderately  soluble  j  it  crystallises  in 
very  small,  short,  pale  yellow  prisms  (m.  p.  198°).  When  heated  to 
220°,  it  apparently  undergoes  little  decomposition,  the  melted  substance 
only  slightly  reddening ;  it  explodes,  however,  when  heated  in  a 
flame. 

0-2820  liberated  1  =  22-4  c.c.  .^7l0  I.    CI  as  NCI  =  14  08. 

Ci^HjoOgN^ClaSo  requires  CI  as  NCI  =  14-26  per  cent. 
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DihenzoyllriinethylenediMorodiaminey 
C^H.-CO-NCl-CK.-CHg-CR/NCl-CO-CeHj. 

The  trimethylene-dichlorodiamines  and  -dibromodiamines  are  prepared 
as  easily  as  those  derived  from  ethylenediamine  and  by  similar  methods. 
Dibenzoyltrimethylenedichlorodiamine  is  easily  soluble  in  chloroform, 
and  crystallises  from  a  mixture  of  this  with  light  petroleum  in  brilliant, 
colourless  plates  ;  it  melts  at  84°  and  decomposes  violently  when 
rapidly  heated  to  about  160°. 

0-3005  liberated  I  =  34-3  c.c.  iY/10  I.    CI  as  NCI  =  20-2.3. 

Cj-HjgOgNgClg  requires  CI  as  NC1  =  2019  per  cent. 

Dibenzene8til2)honyltrimethylenediamiue,  C3H^;(NH*S0./C(jH^).,. 

This  compound  crystallises  from  alcohol,  in  which  it  is  very  easily 
soluble,  in  long,  colourless  plates  (m.  p.  96°). 

Dihenzanesulphonyltrimethylenedichlorodiamine, 
C3H,(NC1.S0,-C,H3)2. 

This  compound  is  easily  soluble  in  chloroform  ;  it  crystallises  from 
this  solvent  mixed  with  light  petroleum  in  small,  transparent,  colour- 
less plates  (m.  p.  134°). 

0-2668  liberated  1  =  253  c.c.  iV^/lO  I.  CI  as  NCI  =  16-81. 

C,5Hjg04N2Cl^S2  requires  CI  as  NCI  =  16-75  per  cent. 

Other  diamines,  for  example,  pentamethylenediamine,  and  their  acyl 
derivatives  yield  similarly  chloroamino-  and  bromoamino-derivatives. 
These  resemble  in  general  properties  the  compounds  previously 
described,  but  have  not  been  yet  obtained  in  a  well-crystallised  form, 
probably  on  account  of  the  diamines  used  not  being  perfectly  pure,  for 
it  has  been  noted  with  all  other  classes  of  substituted  nitrogen 
chlorides  and  bromides  that  the  diihculty  of  obtaining  a  ciystalline 
product  is  very  greatly  inci'oased  by  quite  an  insignificant  amount  of 
impurity. 

St.  IIautiioi.omku'.s  IIosihai.  ami  Coi.iJCfiK. 
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XLVIII. — Transformations  of  Highly  Substituted  Nitro- 

aminohenzenes. 

By  Kennedy  Joseph  PuEVirfc  Okton  and  Alice  Emily  Smith. 

A  CHAHACTEUisTic!  property  of  the  nitroamines  of  the  aromatic  series 
— the  nitroamines  derived  from  the  anilines — is  their  ready  cliange 
into  the  isomeric  nitrounilines,  the  nitro-group  wandering  from  the 
amino-group  to  one  of  the  carbon  atoms  in  the  nucleus.  In  this 
clxange,  the  nitro-group  always  becomes  attached  to  a  carbon  atom 
which  is  either  ortho-  or  para-  with  respect  to  the  amino-groap,  and 
never  to  the  carbon  atoms,  which  are  in  the  meta-position  relative  to 
tliis  group  (Bamberger  and  others,  Bet.,  1803,  26,471,  485;  1894, 
27,  584;  1895,  28,  401).  The  2  : 4 :  G-trisubstituted  nitroamino- 
benzenes,  in  which  both  the  ortho-  and  para-positions  relative  to  the 
amino-group  are  occupied  by  atoms  or  groups  other  than  hydrogen, 
have  as  yet  been  little  studied;  they  were  first  obtained  by  one  of  us 
(Trans.,  1902,  81,  490)  by  the  carefully  regulated  action  of  nitric  acid 
on  s-trisubstituted  anilines  dissolved  in  acetic  acid.  l-Nitroamino- 
2  ;  4  :  6-trichloro-  and  l-nitroamino-2  :  4  :  6-tribromo-benzenes  were 
thus  prepared.  Later  (Trans.,  1903,  81,  806),  it  was  found  that  these 
and  analogously  constituted  anilines  could  be  practically  quantitatively 
converted  into  nitroamines  by  treatment  of  their  solutions  in  acetic 
acid  with  nitric  acid  and  acetic  anhydride. 

Since  the  ortho-  and  para-positions  are  occupied  in  these  nitroamines, 
it  is  no  longer  possible  for  these  compounds  to  change  into  isomeric 
nitroanilines.  It  was  found,  however,  that  a  transformation  did  take 
place,  the  products  varying  according  to  the  nature  of  the  groups  or 
atoms  attached  to  the  carbon  atoms  in  these  positions.  Thus,  when 
bromine  was  in  the  para-position  relative  to  the  nitroamino-group,  it 
was  displaced  by  the  nitro-group,  a  substituted  ^-nitroaniline  being 
formed,  thus  : 

NH-NO.^  NHj 

Br/'^Br  _^  Brj^Br 

Br  NO, 

Although  chlorine  is  also  similarly  capable  of  being  replaced  by  the 
nitro-group,  such  a  change  does  not  occur  under  the  same  conditions  of 
temperature,  «tc.,  as  in  the  case  of  bromine. 

The  transformation   of   the   nitroaminobenzenes  into    nitroanilines 
VOL.   LXXXVII.  E    E 
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only  occurs  in  acid  solution  *  and  may  be  in  many  cases  easily  brought 
about  by  keeping  for  several  hours  a  solution  of  the  nitroamine  in  acetic 
acid  to  which  a  few  drops  of  concentrated  sulphuric  acid  have  been  added. 
If  a  higher  concentration  of  sulphuric  acid  is  used,  the  change  can  be 
effected  in  a  few  minutes. 

When  solutions  of  nitroamines  in  glacial  acetic  acid  are  treated 
with  sulphuric  acid,  a  characteristic  indigo,  magenta,  or  purple  colora- 
tion is  developed.  This  coloration  is  observed  with  nitroamines  of 
very  varying  constitution,  both  with  s-trisubstituted  and  with  less 
highly  substituted  nitroaminobenzenes.  The  products,  however,  ob- 
tained on  diluting  these  solutions  with  ice  are  very  diffei-ent  in  the 
two  cases.  If  one  of  the  ortho-positions  or  the  para-position  is  un- 
occupied, as  in  2  :  4-dichloronitroaminobenzene  or  in  2  :  6-dibromo- 
nitroamiuobenzene,  a  yellow  precipitate  of  the  isomeric  nitroanilines 
is  formed  on  dilution.  But  if  the  ortho-  and  the  para-positions  are 
occupied,  a  red  solid  is  obtained  which  may  contain  a  substituted 
^j-nitroaniline  in  the  case  of  anilines  in  which  the  para-position  relative 
to  the  nitroamino-group  is  occupied  by  bromine,  for  example,  s-tri- 
bromoaniline ;  in  the  case  of  such  a  nitroamine  as  that  derived  from 
s-trichloroaniline,  no  nitroaniline  is  present. 

It  is  the  object  of  this  investigation  to  throw  light  on  the  nature 
of  these  red  solids,  and,  if  possible,  on  the  mechanism  of  the  reaction 
in  which  they  and  the  nitroanilines  are  formed.  Since  the  decom- 
position of  1-nitroamino-s-trichlorobenzene  is  not  complicated  by  the 
replacement  of  the  );-chlorine  atom  by  the  nitro-group,  this  substance 
has  been  chosen  for  a  detailed  study. 

With  proper  precautions,  the  treatment  of  the  nitroamino-s-tri- 
chlorobenzene  leads  to  the  formation  of  the  red  solid,  s-trichloro- 
beuzenediazonium  salts,  and  ammonia.  No  chlorine  is  eliminated  in 
the  reaction  if  the  temperature  is  not  allowed  to  rise  above  15".  The 
red  solid  has  been  found  to  be  B-trichlorophenyliminotricMrn'ohenzo- 
quinone  (hexachloroquinoneanil), 

CI         CI  CI 


ci<;3n:<->:o, 


Cl        Ci 

since  when  heated  with  sulphuric  acid  it  is  decomposed  quantitatively 
into  «-trichloroaniline  and  tricliloroquinone. 

It  will  be  not(Ml  that  in  the  formation  of  tliis  compound  from  tlie 
nitroamine,  in  which  tlio  three  chlorine  atoms  are  8ymmotri(!ally  placed, 

•  In  alkaline  Rolution,  tlio  niLroamiiicH  arc  jtrcMont  as  huUh,  which  tim  iJiohiihly 
derivttivei  of  an  iieiinonit ionic  acid,  U*N:NO*OII.  Wlicii  wi  Irue  I'rom  its  salts, 
thiB  Achl  I'hangeH  into  ihc  isomeric  nitroiiniinc,  the  \f^-nci(l. 


HIGHLY   SUBSTITUTED   NITROAMINOBENZENES.  391 

one  of  the  chlorine  atoms  has  changed  its  point  of  attachment  to  a 
neighbouring  carbon  atom. 

The  iminoquinone  can  l>e  reduced  to  the  corresponding  hexachloro- 

hijdruxydiplienylaiii  ine, 

_C1  Cl^Cl 

CI  CI 

which  in  benzene  solution  can  be  again  oxidised  to  the  iniinotjuinone  by 
mercuric  oxide. 

The  phenylimiuoijuinone,  which  reprcseiits  about  60  per  cent,  of  the 
iiitroamiue,  and  the  ammonia  are  formed  in  molecular  proportions, 
the  remainder  of  the  nitroamiue  being  converted  into  diazonium 
salt. 

'J'ho  hexachlorophenyliminoquinone  does  not  dissolve  in  sulphuric 
acid  with  the  indigo  or  magenta  coloration  of  the  nitixtamine  from 
which  it  is  formed  ;  its  solution  is  rather  of  a  red  or  reddish-brown 
colour  with  no  trace  of  blue  tint,  Moi-eover,  other  nitxoamines,  which 
are  capable  of  passing  into  isomeric  nitroanilines,  also  'give  solutions 
in  sulphuric  acid  having  a  magenta  or  purple  colour,  whilst  the  corre- 
sponding nitroanilines  with  sulphuric  acid  yield  colourless,  insoluble 
sulphates  and  pale  yellow  solutions.  It  would  seem,  therefore,  probable 
that  analogous  substances  were  present  in  the  sulphuric  acid  solution 
of  both  classes  of  nitroamines.  In  one  case,  on  adding  water^  the 
nitroanilines  are  formed,  and  in  the  other,  whei-e  the  production  of  the 
nitroaniline  is  only  possible  by  replacement  of  halogen  by  the  nitro- 
group,  the  phenyliminoquinone  is  the  final  product. 

It  was  previously  suggested  that  an  imino(|uinone  was  this  inter- 
mediary stage,  and  was  present  as  a  salt  in  the  coloured  acid  solution  ; 
thus,  the  conversion  of  l-nitroamino-2  : 6-ilibromobenzene  into  2  :  6-di- 
bromo-4-nitroauiline  may  be  represented  as  follows  : 


NH-NO. 

NH(HSO,) 

NH., 

Brr^^Br               ^ 

Br^^Br 

Br^^Br 

1        1     ' 

\/ 

H    NO, 

NO, 

The  isolation  of  the  phenyliminoquinone  from  the  coloured  acid 
olution  is  in  harmony  with  this  suggestion.  Further,  the  transference 
of  the  chlorine  atom  from  its  original  position  in  the  nitroamine  to 
the  neighbouring  carbon  atom  tinds  analogy  in  the  reactions  of  other 
quinone  derivatives.  Thus,  Kastle  {Amer.  Cfiem.  J.,  1902,  27,  31)  has 
observed  the  transformation  of  s-tribromophenol  bromide  into  tetra- 

E  E  2 
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bromophenol,    and   Auwers  {Bei\,    1902,  35,   455)   has  described  the 
conversion  of  cyclic  nitroketones  into  nitrophonols. 

The  following  observations  may  be  cited  as  bearing  on  this  point. 
In  the  oxidation  of  2  : 6-dibromo-jo-phenylenediamine  by  bromine  in 
ethereal  solution,  Jackson  and  Calhane  {Amer.  Chem.  J.,  1904,  31,  209) 
have  obtained  highly  coloured  (green)  salts  of  a  dibromo-base,  which 
they  believe  to  be  a  dibromoquinonedi-imine.  Schmidt  and  Saager 
{Ber.,  1904,  37,  1679)  have  also  prepared  by  oxidation  of  tolylenedi- 
amine  the  violet  hydrochloride  of  a  base  which  is  thought  to  be 
toluquinoneimine.  Willstjitter  {Ber.,  1904,  37,  1494),  on  the  other 
hand,  has  described  a  quinoneimine  and  a  quinonedi-imine  (prepared 
from  j9-aminophenol  and  j9-phenylenediamine  respectively)  which  are 
colourless  and  form  colourless  salts.  The  highly  coloured  substances 
may  not  be  simple  iminoquinones,  but  nearly  related  compounds, 
possibly  analogous  to  the  intensely  coloured  quinhydrones. 

The  phenyliminoquinone  cannot  be  obtained  from  s-trichloroaniline 
and  trichloroquinone  under  the  conditions  in  which  it  is  produced  from 
the  nitroamine,  nor  from  the  nitroamine  and  the  trichloroquinone. 
These  facts  again  suggest  that  either  the  nitroamine  or  the  aniline 
produced  from  the  nitroamine  by  hydrolysis  i-eacts  with  an  imino- 
quinone  formed  in  the  manner  suggested. 

Bamberger  {Ber.,  1902,  35,  3697)  has  recorded  a  number  of  colour 
reactions  given  by  chloro-  and  bromo-anilines  when  their  solutions  in 
concentrated  sulphuric  acid  are  treated  with  a  drop  of  nitric  acid  or  of 
a  sodium  nitrite  solution.  These  colours  closely  resemble  those  given 
by  the  nitroamines  in  sulphuric  acid  solution.  We  have  found  that 
the  purple  solutions  thus  obtained  from  s-trichloroaniline  yielded,  when 
poured  on  to  ice,  a  red  solid,  which  resembled  very  closely  that  obtained 
from  the  nitroamine.  The  mother  liquor  contained  a  diazonium  salt, 
ammonia,  and  a  considerable  amount  of  chloride.  The  red  solid, 
however,  did  not  appear  to  be  homogeneous,  although  it  had  the 
general  properties  of  a  phenyliminoquinone,  and  when  treated  with 
sulphuric  acid  yielded  «-trichloroanilino. 

The  study  of  other  similarly  constituted  nitroaminobenzenes  is  being 
continuod. 

Experimental. 

Preparation  of  \-NUroaviino-2  : 4  : 6-lrichlorobenzene, 
NH-NOj 

ci/\ci 

CI 

Thia  substance  is  readily  proparod  in  (|uantity  from  fl-trichloroanil- 
ino.     Fifty  grams  of  the  subatituted  anilino  are  di.sKolved  in  450  c.c.  of 
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glacial  acetic  acid,  and  36 — 40  c.c.  of  nitric  acid  (90 — 95  per  cent.), 
which  has  been  carefully  freed  from  nitrous  acid  by  addition  of  solid 
urea  nitrate,*  added.  The  solution  is  then  cooled  to  about  12^  and  30  c.c. 
of  acetic  anhydride  slowly  added.  The  solid  trichloroaniline  nitrate 
which  has  separated  gradually  dissolves,  the  liquid  assuming  a  pale 
red  colour.  The  mixture  is  now  poured  on  to  600  grams  of  ice  and 
water,  when  a  copious  buff  precipitate  of  the  nitroamine  appears.  The 
solid  is  collected,  washed  with  water,  and  dissolved  in  a  solution  of 
sodium  carbonate  in  order  to  remove  a  very  small  quantity  of  an 
insoluble  red  substance.  The  nitroamine  is  again  precipitated  with 
hydrochloric  acid,  washed,  and  dried  at  a  low  temperature.  This  nitro- 
amine is  stable  and  can  be  easily  kept  without  any  special  precautions, 
but  in  time  it  becomes  faintly  coloured  and  smells  slightly  of  nitrous 
fumes. 

Interaction  of  l-Nitroamtiw-2  :i:Q-trtchlorob«nz«ne  with  Sulphuric 
Acid. — This  nitroamine  dissolves  as  do  other  highly  substituted  nitro- 
arainobenzenes  in  concentrated  sulphuric  acid,  giving  a  purple  or  violet 
solution,  which,  in  the  presence  of  a  small  quantity  of  water,  assumes  a 
magenta  tint.  If  the  solution  is  allowed  to  become  warm,  or  water 
added,  and  consequently  heat  developed,  the  colour  entirely  disappears. 
When  the  coloured  solution  in  sulphuric  acid  is  poured  on  to  ice,  a  red 
solid  is  precipitated  which  is,  however,  not  homogeneous,  but  probably 
a  mixture  of  chlorophenyliminoquinones.  The  liquid  contains  mainly 
a  diazonium  salt,  but  at  the  same  time  both  chloride  and  ammonia  are 
present.  The  solution,  which  has  been  rendered  colourless  by  heating, 
yields  on  dilution  with  water  a  solid  product  in  which  chloroanil  and 
s-trichloroaniline  can  be  recognised ;  both  chloride  and  ammonia  are 
present  in  the  aqueous  liquor. 

Preparation  qf  s-TricMorophenyliminotrichlorobenzoquinone, 
JDI  Cl_Cl 

Ul  CI 

When  the  action  of  sulphuric  acid  on  the  nitroaminotrichlorobenzene 
is  modei-ated  by  dilution  with  acetic  acid,  a  single  product, 
s-trichlorophenyliminotrichlorobenzoquinone,  can  be  isolated. 

Two  grams  of  the  nitroamine  are  dissolved  in  40  c.c.  of  glacial  acetic 
acid  (it  is  essential  that  the  acetic  acid  should  not  contain  more  than 
1 — -2  per  cent,  of  water),  and  a  solution  of  20  c.c.  of  concentrated 
sulphuric  acid  in  20  c.c.   of  glacial  acetic  acid  is  slowly  added ;  the 

*  The  addition  of  urea  nitrate  forms  a  very  convenient  method  of  removing  tlie 
last  traces  of  nitrous  acid  without  materially  diluting  the  nitric  acid  ;  a  small  quan- 
tity of  ammonium  nitrate  remains  in  the  nitric  acid. 
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temperature  is  so  regulated  that  the  acetic  acid  begins  to  solidify.  A 
deep  indigo  coloration  develops,  but  if  water  is  present  in  the  sulphuric 
or  acetic  acid  only  a  red  or  magenta  coloi-ation  is  seen.  Any 
evolution  of  nitrous  fumes  points  to  a  too  rapid  addition  of  sulphuric 
acid.  The  mixture  is  now  allowed  to  stand  for  twenty  minutes,  and 
then  poured  on  to  ice,  when  the  colour  disappears  and  a  i-ed  solid  is 
precipitated.  This  solid  consists  mainly  of  the  iminoquinone  mixed 
with  a  varying  amount  of  unchanged  nitroamine,  which  is  removed  by 
extraction  with  dilute  sodium  carbonate  solution.  The  red  solid  is 
washed  and  dried,  and  purified  by  recrystallisation  from  dilute  acetone, 
or,  better,  from  petroleum  (b.  p.  80 — 100°).  From  the  former  solvent 
it  separates  in  bronze-red,  flattened  needles,  and  from  the  latter  in  deep 
red  prisms  melting  at  143°.  It  sublimes  at  225 — 240°  under  40  mm. 
pressure.  It  dissolves  very  readily  in  chloroform,  benzene,  or  acetone, 
is  fairly  soluble  in  acetic  acid,  and  sparingly  in  alcohol  or  petroleum  ; 
from  the  latter,  it  crystallises  exceedingly  well.  On  analysis,  the 
following  numbers  were  obtained  : 

0-1250  gave  0-1697  CO2  and  0-0132  H2O.     0  =  37*02;  H-M. 
0-1514    „      0-2020CO2    „    0-0168  H2O.     0  =  36-39 ;  H- 1-23. 
0-241       „      8-2  C.C.  of  moist  nitrogen  at  20°  and  773  mm.  N  =  3-92. 
0-1748    „     0-3855  AgOl.     01  =  54-52. 

0-186dissolved  in  8-8  grams  of  benzene  gave  A«  =  0-266°.  M.  W.  =  389. 
CjaHaONCle  requires  0  =  36-93;    H  =  0-78;   N  =  3-6;  and  01  =  54-54 
per  cent.,  M.  W.  =  389-77. 

Recognition  of  other  Products  of  Decomposition  of  the  Nitroamine. 

The  diazonium  salt  could  be  easily  recognised  in  the  acid  filtrate 
obtained  in  the  preparation  of  this  red  solid  either  by  coupling  with 
/S-naphthol  or  by  warming  with  alcohol ;  in  the  latter  case,  s-trichloro- 
benzene,  melting  at  65°,  crystallised  out.  The  amount  of  the  diazo- 
compound  was  estimated  by  slowly  adding  an  aliquot  part  of  the 
filtrate  to  a  cooled  10  per  cent,  solution  of  sodium  hydroxide,  the 
latter  being  in  sufficient  amount  to  neutralise  the  acid  ;  no  i)rocipitate 
i8  formed  in  this  process.  A  solution  of  ^-naphtliol  in  a  few  c.c.  of 
sodium  liydroxide  iH  then  introduced,  and  the  alkalinity  diminished  by 
carl)0ii  dioxide.  Tiie  orange  precipitate  is  collected  and  washed  with 
water  and  alcohol. 
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8-  Trichlorobenzeneazo-fi^rutpfUhol, 
N,-C,oHe-OH 

Clj^Cl 

\x 

CI 

This  substance,  which  was  also  prepared  from  «-trichlorobenzene- 
diazonium  hydrogen  sulphate  and  ^-naphthol,  crystallised  from  glacial 
acetic  acid  in  scarlet  needles  melting  at  145 — liC^. 

0'209  gave  H'8  c.c.  moist  nitrogen  at  15"^  and  755  mm.     Ns8'24. 
Ci^HgONjCl,  requires  N  =  7'9  per  cent. 

The  amount  of  azo-derivative  found  corresponded  to  about  55 — 60 

per  cent,  of  the  nitroamine  decomposed. 

The  ammonia  was  estimated  in  the  filtrate  from  the  coupled 
product.  The  liquid  was  acidified  and  eva(K)rated  to  dryness;  the 
ammonia  was  then  distilled  off  and  estimated.  One  molecular  pro- 
portion of  ammonia  was  found  for  each  gram-molecule  of  phenyl- 
iminoquiuone. 

Decomposition  of  the  IlexacfUorophenyliminoquinone  uyith  Sulphuric 
Acid. — The  phenyliminoquinone  dissolves  in  sulphuric  acid  to  a  reddish- 
brown  solution.  On  adding  water,  without  cooling,  the  colour  is 
partly  discharged,  and  on  adding  more  water  golden-yellow  crystals  at 
first  and  later  colom-less  needles  separate.  On  diluting  the  sulphuric 
acid  solution  with  acetic  acid  or  alcohol,  the  colour  is  also  discharged, 
but  no  crystals  appear. 

One  gram  of  the  quinone  is  dissolved  in  15  c.c.  of  sulphuric  acid  and 
30  c.c.  of  water  gradually  added  ;  on  cooling  the  hot  liquid,  yellow 
crystals  separated.  The  whole  of  the  solid  when  precipitated  by  water 
weighed  0"92  gram  ;  it  was  treated  with  cold  alcohol,  which  left  a 
residue  of  small,  yellow  plates  weighing  04  gram.  From  the  alcoholic 
extract,  colourless  needles  were  precipitated  by  water,  weighing  0-44 
gram  ;  they  melted  at  7G  \  the  melting  point  of  «-trichloroaniline,  and 
did  not  lower  the  melting  point  of  this  substance.  When  acetylated 
with  acetyl  chloride  in  acetic  acid  solution,  they  gave  »-trichloro- 
acetanilide,  melting  at  202°. 

The  golden-yellow  plates  melted  at  157 — 158°,  and  after  two 
crystallisations  from  hot  alcohol,  constantly  at  163^.  This  substance 
was  soluble  in  and  decomposed  by  sodium  hydroxide.  An  estimation 
of  the  chlorine  gave  the  following  numbers  : 

01136  gave  0-2299  AgCl.     Cl-5004. 

Trichloroquinone,  CgHOjClj,  requires  5032  per  cent. 
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A  specimen  of  trichloroquinone  was  prepared  by  oxidising  phenol 
with  potassium  chlorate  and  hydrochloric  acid,  and  freed  from 
chloranil  by  conversion  into  the  corresponding  quinol  (Knapp  and 
Schultz,  Annalen,  1881,  210,  174).  A  mixture  of  the  two  specimens 
melted  at  163—164°. 

Attempts  to  prepare  this  quinone  directly  from  the  nitroamine  by 
prolonged  treatment  of  the  solution  in  glacial  acetic  acid  with 
sulphuric  acid,  or  by  heating  the  material  in  acetic  acid  solution  with 
sulphuric  acid,  gave,  besides  s-trichloroaniline,  a  mixture  of  quinones, 
from  which  tetrachloroquinone,  chloranil,  could  always  be  isolated. 
s-Trichlorobenzene  was  also  detected,  produced  probably  by  the 
decomposition  of  s-trichlorobenzenediazonium  salt.  At  the  same  time, 
chlorine  was  always  found  in  the  mother  liquors. 

Reduction  of  the  Trichloro])henyliminotrichlorohenzoquinone.    s-TricMoro- 
phenyl-2  :  3  :  %-trichloroA-hydi'oxyphenylaviine, 
_C1  C1_C1 

Cl^     \-NH-/     \-0H. 

~C1.  CT 

The  hexachlorophenyliminobenzoquinone  (2  grams)  was  dissolved  in 
acetone  and  an  equal  weight  of  zinc  dust  added.  Glacial  acetic  acid 
was  run  in  drop  by  drop  until  the  solution  became  colourless.  After 
filtering  and  adding  water,  a  colourless  solid  separated,  which  was 
recrystallised  from  petroleum  (b.  p.  80 — 100°).  It  forms  long,  silky, 
white  needles  melting  at  186°;  it  is  very  soluble  in  benzene,  chloroform, 
ether,  or  acetone,  but  less  so  in  alcohol.  It  dissolves  in  aqueous  and 
more  readily  in  alcoholic  alkali  hydroxides. 

01464  gave  0'1950  CO..  and  00240  H.,0.     0  =  36-33  ;  H=  182. 
01521     „     0-2020  COJ"    „     0021     h'a     C- 3623 ;  H  - 1-52. 
0-2516     „     8-2  CO.  of  moist  nitrogen  at  136°  and  775  mm.    N  =  3-89. 
0  1797     „     0-3906  AgCl.     01  =  5376. 
01729     „     0-3771  AgCl.     01  =  53-92. 
(VjHjONOI„requires  0=36-75  ;  H  =  1-29;  N  =  3-58;  01  =  54-27  per  cent. 

The  diphenylamine  derivative  could  be  readily  oxidised  in  benzene 
solution  by  mercuric  oxide  to  the  original  hexachlorophenylimino- 
r|uinono  (m.  p.  143°). 

Benzoyl  JJei'ivative. — The  diphenylamine  derivative  (0  5  gram)  was 
dJHHolvod  in  3  c.c.  of  pyridine  uiul  oxcosh  (0-25  c.c.)  of  benzoyl  chloride 
added  ;  after  24  hours,  the  licjuid  was  poured  into  dilute  sulphuric  acid 
and  the  Bolid  whicli  Hoparated  washed  Huccessively  witli  water,  aqueous 
Hodium  car)>onate,  and  alcohol.     From  alcohol,  it  crystallises  in  small, 
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lustrous  prisms  melting  at  169°.     It  was  insoluble  in  acjueous  sodium 
hydroxide,  and  analysis  showed  that  it  was  a  monobenzoyl  derivative. 

0094  gave  0  1627  AgCl.     CI  =  4280. 

CjgHjOgNClg  requires  Cl  =  42-90  per  cent. 

Comparison  of  the  Beltaviour  of  l-XUroamtno-B-tricJdorobenztne  on  Treat- 
ment with  Sulphuric  Acid  with  that  of  l-yitrnmnini)  2  :  C\-<Iihiomo- 
and  l-Niti'oaniino-2  :  i-dichloro-benzene. 

l-Nitroamino-2  :  Q-dibromobenzene, 
NH-NO, 

Br/NBr 


y 

l-Nitroamino-2 : 6-dibromobenzene  can  be  readily  prepared  from 
2  :  6-dibromoaniline  in  the  same  manner  as  the  «-trichloro-derivative, 
and  thus  offers  a  marked  contrast  to  the  2  : 4-dichloro-derivative 
(compare  Trans.,  1902,  81,  812)  It  crystallises  from  water  in  long 
needles  melting  at  1  OS'' and  becoming  coloured  at  110°;  it  resembles 
the  s-trihalogeu  derivatives  very  closely. 

0  201 2  gave  02572  AgBr.     Br  =  5443. 

CijH^OgNjBr^  requires  Br  =  54*58  per  cent. 

When  a  solution  of  this  nitroamine  (0-5  gram)  in  glacial  acetic  acid 
(10  c.c.)  was  treated  with  a  solution  of  sulphuric  acid  (5  c.c.)  in  acetic 
acid  (5  c.c),  a  magenta  coloration  appeared.  On  pouring  this  mixture 
on  to  ice,  a  yellow  precipitate  was  formed,  which  weighed  about 
0'4  gram  and  was  nearly  pure  2 : 6-dibromo-4-nitroaniline.  The 
filtrate  contained  no  bromide,  but  coupled  with  ^-naphthol ;  diazonium 
salt  was  therefore  present,  but  only  in  very  small  amount. 

When  l-nitroamino-2  : 4-dichlorobenzene  was  treated  in  the  same 
manner,  the  isomeric  nitroaniline,  2-nitro-4  : 6-dichloroaniline,  was  the 
main  product,  a  very  small  amount  of  diazonium  salt  being  formed  at 
the  same  time.  Tn  the  case  of  both  the  nitroamines  above  men- 
tioned, there  was  no  indication  of  the  presence  of  a  phenyliminoquinone 
as  one  of  the  products  of  the  reaction. 

The  authors  wish  to  express  their  indebtedness  to  the  Chemical 
Society  for  the  grant  from  the  Resejvrch  Fund,  which  has  partly  defrayed 
the  expenses  of  this  investigation. 

Univeksity  College  of  North  Wales, 
Bangok. 
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XLIX. — The    Constituents     of    Gamhier    and    Acacia 

Catechus.     II. 

By  Arthur  George  Perkin,  F.KS, 

The  question  as  to  the  identity  of  the  catechins  which  exist  in  acacia 
and  gambier  catechus  has  long  remained  imcertain,  but  in  a  recent 
communication  (Trans.,  1902,  81,  1160)  strong  evidence  was  given  to 
show  that  although  the  general  reactions  of  these  substances  are  the 
same,  they  are,  however,  distinct  compounds.  It  was  found,  for  instance, 
that  air-dried  acacia  catochin  has  the  formula  C^sH^^O^jSHgO  and  melts 
at  203 — 205°,  whereas  gambier  catechu  contains  two  catechins,  namely, 
Ci5Hi406,4H20  (m.  p.  175—177°)  and  G.^^^fi^l  (anhydrous),  melt- 
ing at  235 — 237°.  These  distinctions  were  further  enhanced  by  an 
observation  of  the  melting  points  of  certain  of  their  derivatives.  In 
a  later  investigation  by  Clauser  {Ber.,  1903,  36,  101)  on  this  subject, 
no  reference  is  made  to  the  above-mentioned  work,  and  his  results 
suggest  that  there  is  but  one  catechin,  and  that  this,  according  to 
the  amount  of  water  of  crystallisation  which  is  present,  exists  in  three 
well-defined  modifications.  The  catechin  he  employed  was  obtained 
from  gambier  catechu  (Wurfel  catechu),  and  to  this  substance  when 
dried  in  the  air  he  assigned  the  formula  Q^Jt{..^^0^,i:B.^O,  in  agreement 
with  the  results  previously  described  {loc.  cit.)  and  with  those  of 
Kostanecki  and  Tambor  {Ber.,  1902,  35,  1867).  This  compound 
melts  at  96°,  and  when  dried  over  sulphuric  acid  loses  3HoO  and 
melts  at  176°;  finally,  on  drying  at  100°,  it  is  obtained  in  the 
anhydrous  condition  and  melts  at  210°.  The  first  two  of  these  results 
do  not  require  comment,  for  it  is  a  common  experience  that  air-drie3 
gambier  catechin  which  has  been  crystallised  from  water  will  liquefy 
itt  the  steam  oven,  and,  again,  the  melting  point  (176°)  for  the  com- 
pound CisHi^Og.HgO  coincides  with  that  found  for  the  anhydrous 
substance.  The  statement,  however,  that  in  the  latter  condition 
gambier  catechin  melts  at  210°  was  difficult  to  understand,  and 
especially  so  as  this  was  near  to  the  melting  point,  203—205°,  of 
acacia  catochin,  and  was  suggestive  in  this  respect.  In  the  present 
communication,  these  {)oint8  are  discussed  and  further  compounds 
derived  from  both  catechins  are  described.  For  a  plentiful  supply  of 
acacia  catechu  (kath),  I  am  indebted  to  the  authorities  of  the  Imperial 
Institute. 

EXPEBIMENTAI,. 

Kxporiment  corroborated  the  work  of  Olauser  in   that  air-dx-ied 
gambier  catechin,  C',jII,^Oo,4HjO,  melts  at  9G",  and  that  this,  after 
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standing  over  sulphuric  acid,  has  the  formuU  Cj^Hj^O^.H^O  (found, 
H20  =  5-72  per  cent.)  and  melts  at  175—177°.  It  was  found,  how- 
ever, that  when  dried  at  100°  the  substance  still  melted  at  175—177° 
as  previously  stated,  in  that  at  this  temperature  the  colourless  crystals 
had  congealed  together  to  form  viscous  globules.  To  be  certain  that 
the  compound  at  this  temperature  was  fused,  a  small  quantity  was 
heated  in  a  test-tube  under  similar  conditions,  and  on  inserting  a  glass 
rod  thei-e  could  be  no  doubt  that  the  product  liad  a  treacly  consisteucy. 
On  further  heating,  the  substance  underwent  no  apparent  alteration 
until  about  205°,  when  decomposition  ensued  with  the  usual  frothing, 
and  it  is  evident  tliat  it  was  this  a<'tion  which  Clauser  r^arded  as  the 
true  melting  point  of  the  gambler  catechin. 

Air-dried  acacia  catechin,  CkHi^O^.SU^O,  on  the  other  hand,  sintered 
at  about  140°,  resolidified  as  the  temperature  rose,  and  finally  melted 
with  decomjxjsition  at  203 — 205°. 

As  previously  observed,  the  anhydrous  substance  melts  at  203 — 205°. 
To  avoid  confusion,  the  term  Acacateehin  will  now  be  applied  to  the 
latter  substance,  and  the  name  Catechin  retained  for  that  occurring 
in  gambler,  for  the  latter  product  is  better  known  and  more  largely 
employed  than  the  other  variety. 

As  an  acetylacacatechin  had  not  been  previously  obtained,  it  was 
interesting  to  prepare  such  a  compound  in  order  to  c*ompare  it  with 
the  acetylcatechin  first  described  by  Liebermann  and  Tauchert  (Ber., 
1880,  30,  964)  and  subsequently  examined  by  Kostanecki  and  Tambor 
{Ber.,  1902,  35,  1867).  In  this  case,  a<fetylation  by  the  ordinary 
process  is  not  satisfactory,  but  the  pyridine  method  gives  good  results 
when  2  grams  of  substance,  30  grams  of  pj-ridine,  and  10  grams  of 
acetyl  chloride  are  employed.  The  product  was  treated  with  water 
and  the  viscous  residue  crystallised  two  or  three  times  from  a  mixture 
of  acetone  and  alcohol. 

Found,  C  =  60-32,  5999  ;  and  H-4-42,  472. 

Ci6H90g(C2HjO)5  requires  C  =  6000  ;  H  =  480  per  cent. 

It  formed  colourless  needles  melting  at  158 — 160°,  sparingly 
soluble  in  alcohol.  The  percentage  of  acetyl  groups  was  determined 
by  the  ethyl  acetate  method  (Trans.,  1905,  87,  107). 

Found,  acetic  acid  =  60-18.    Theory  for  5  acetyls  requires  60  per  cent. 

It  was  therefore  a  penta-acetyl  derivative. 

The  acetylcatechin  first  described  by  Liebermann  and  Tauchert  and 
referred  to  above  melts  at  124 — 125°,  and  although  these  authors  do 
not  state  the  source  of  their  product  it  would  appear  to  be  gambier 
catechin.  To  be  certain  on  the  point,  a  quantity  of  this  substance  was 
acetylated  by  the  pyridine  method,  and  the  product  was  found  to  possess 
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identical  propei'ties  to  the  compound  described  by  these  authors. 
Found,  acetic  acid  =  60  24  per  cent.  Fenta-aceti/lacacatechin  is,  there- 
fore, not  identical  with  acetyl  catechin. 

The  methylation  of  acacatechin  was  now  studied,  and  to  prepare 
this  a  solution  of  the  substance  in  methyl  alcohol  was  treated  in  the 
usual  way  with  molecular  proportions  of  methyl  sulphate  and  potass- 
ium hydroxide  until  a  colour  change  was  no  longer  produced  in  the 
liquid  by  the  action  of  the  latter.  Addition  of  water  caused  the 
separation  of  a  colourless  precipitate,  which  was  collected,  washed 
with  dilute  alkali,  and  drained  on  tile ;  this  product  was  first  crystal- 
lised two  or  three  times  from  alcohol,  by  which  a  more  soluble 
substance  was  removed,  and  finally  from  acetone  until  the  melting 
point  was  constant. 

Found,  C  =  66-03,  65-84  ;  H  =  5-95,  6-57;  00^3  =  34-87  per  cent. 
Ci5Hio02(OCH3)4  requires  C  =  65-89;H  =  6-36;  OCH3  =  35-83  per  cent. 

Acacatechin  tetramethyl  ethtr  forms  colourless  needles  melting  at 
152 — 154°,  sparingly  soluble  in  cold  alcohol,  insoluble  in  aqueous 
alkaline  solutions  ;  it  crystallises  from  alcohol  in  prisms  which  contain 
alcohol  of  crystallisation,  and  as  this  is  somewhat  troublesome  to 
remove  completely  the  purification  of  the  compound  by  means  of 
acetone  is  preferable.  When  a  solution  of  this  compound  in  acetic 
acid  is  treated  with  a  few  drops  of  nitric  acid,  a  deep  indigo-blue 
coloration  is  produced,  which  is  permanent  for  several  hours.  The 
more  soluble  product  of  the  methylation  above  referred  to  was  not 
critically  examined,  but  it  seems  probable  that  this  may  contain  the 
acacatechin  pentamethyl  ether. 

To  be  certain  that  the  tetramethyl  derivh,tive  contains  a  free 
hydroxy  1  group,  it  was  digested  with  acetic  anhydride  and  sodium 
acetate  in  the  usual  manner.  The  colourless  product  of  the  reaction 
was  purified  by  crystallisation  from  alcohol. 

Found,  C  =  64-83  ;  H  =  6-44. 
C,5H„02(C2H30)(OCH8)^  requires  0  =  64-94;  H  =  6-18  per  cent. 

Monacetylacacattchin  tetramethyl  ether  separates  in  long  needles 
which  melt  at  135 — 137°  and  are  sparingly  soluble  in  alcohol. 

According  to  Kostanocki  and  Tambor  {loc.  cit.),  catochin  tetramethyl 
ether  melts  at  142 — 143°  and  its  acetyl  compound  at  92 — 93°  tempera- 
tures which  are  considerably  lower  than  those  exhibited  by  the  aca- 
catechin dorivativGH.  For  purposes  of  comparison,  a  small  (quantity  of 
Kostanocki  and  Tatnbor's  compound  was  proiMvred,  and  this,  on  repeated 
cryHtalliriatioii  from  acotono,  nioltod  nt  144 — 140", or  slightly  higher  than 
iH  stated  by  thoHe  authorw.  In  other  respects,  this  substanco  closely 
ruMombled  the  acacatechin  derivative,  and,  it  is  interesting  to  note, 
gives  with  uitric  and  acetic  acids  the  same  indigo-blue  li(|uid. 
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It  is,  however,  evident  that  the  tetramethyl  ethers  of  catechin  and 
acacatechin  are  distinct  substance*. 

Oxidation  with  Potassium  Permangcmate. — ^Acacatechin  tetramethyl 
ether,  made  into  a  thin  cream  with  water,  was  heated  on  the  water- 
bath  and  treated  with  a  strong  solution  of  the  permanganate  in  small 
(quantities  at  a  time  until  the  i-ed  colour  of  the  supernatant  liquid 
remained  permanent,  the  operation  requiring  alx)ut  two  hours.  The 
excess  of  permanganate  was  then  destroyed  with  sodium  sulphite,  the 
mixture  lilterod  by  means  of  the  pump,  and  the  residue  well  washed 
with  boiling  water.  The  colourless  filtrate  was  neutralised  with  acid 
and  extracted  with  ether,  and  the  extract  ovaj)omtod.  The  crystalline 
residue  consisted  chiefly  of  an  acid,  but  a  small  quantity  of  a  phenolic 
substance  was  also  present,  and  these  were  separated  with  sodium 
hydrogen  carbonate  in  the  usual  manner.  The  acid  crystallised  from 
water  in  colourless  needles  melting  at  178 — 180°. 

Found,  C  =  59-32;  H- 5  48  per  cent. 

O^H,(OCH3)./C02H  requires  0  =  5934  ;  H  =  5-49  per  cent. 

It  had  all  the  properties  of  veratric  acid,  and  this  was  interesting, 
as  it  dearly  proves  that  in  acacatechin  the  catechol  hydroxyls  exist  in 
the  free  condition. 

The  phenolic  product  of  the  oxidation  was  obtained  as  a  colourless, 
seniicrystalline  mass,  but  in  too  small  quantity  to  be  identified  with 
certainty.  Its  alkaline  solution,  when  treated  with  diazobenzene 
chloride,  gave  an  orange-yellow  precipitate,  suggesting  that  the  original 
substance  was  p/dor^lucinol  diinethyl  ether,  because  had  phloroglucinol 
monomethyl  ether  been  present,  an  orange-red  diazobenzene  derivative 
would  have  been  produced.  Attempts  to  prepare  larger  quantities 
of  this  compound  have  been  unsuccessful,  and  it  is  therefore  probably 
itself  somewhat  susceptible  to  oxidation  by  permanganate.  For  pur- 
poses of  comparison,  catechin  tetramethyl  ether  was  treated  in  a 
similar  manner,  with  the  result  that  it  also  yielded  veratric  acid  and 
'phloroglucinol  dimethyl  ether. 

The  action  of  chromic  acid  on  both  compounds  was  also  studied,  but 
in  this  case  only  veratric  acid  could  be  isolated. 

It  has  been  shown  by  Ki-aut  and  Delden  {AnnaUn,  1863,  28,  290) 
and  by  Etti  {Annalen,  1877,  186,  332)  that  catechin  yields,  by  treating 
its  solution  with  acids  and  by  other  methods,  four  distinct  amorphous 
products  which  are  termed  "  anhydi-ides."  To  these  reddish-brown 
substances,    the     following    respective    formulae    have    been    given  : 

CjiHjgOg,  C^jH^Si^lS'  ^21^16^7'    ^^*^    ^42^30^13'    ^°*^    *^®    ^^^^    °^   moSt 

soluble  is  said  to  be  identical  with  catechutannic  acid,  which  exists  in 
the  plant  side  by  side  with  the  catechin.  The  fourth  anhydride,  named 
*'  katechuretiu,"  is  insoluble  in  all   solvents  and  is  not   dissolved  by 
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alkaline  solutions,  and  it  appeared  interesting  to  prepare  from  both 
catechins  such  a  compound  in  case  some  further  distinction  between 
these  two  substances  would  be  thus  detected.  An  anhydride  of  this 
nature,  but  apparently  distinct  in  composition  from  those  enumerated 
above,  is  readily  formed  from  acacatechin  by  the  action  of  hydrochloric 
acid  in  the  presence  of  acetic  acid,  but  a  more  rapid  method  consists  in 
adding  a  few  drops  of  sulphuric  acid  to  the  boiling  liquid.  A  bright 
orange-red  powder  almost  immediately  separates,  and  this  is  collected 
at  the  pump,  well  drained  from  the  dark-coloured  mother  liquor, 
washed  with  acetic  acid,  and  finally  several  times  with  boiling  alcohol. 
On  drying  at  100°,  the  product  became  duller  in  colour. 

(At  160°)  Found,  C  =  63-26;  H  =  3-89  per  cent. 

This  compound  does  not  possess  a  melting  point.  Dried  at  100°,  it 
retains  alcohol  or  water  with  remarkable  tenacity,  and  prolonged  heat- 
ing at  160°  is  necessary  to  obtain  it  in  the  anhydrous  condition. 

Catechin  reacts  in  an  identical  manner  with  hydrochloric  or  sulphuric 
acid  in  the  presence  of  acetic  acid.  The  specimen  analysed  was  pre- 
pared with  hydrochloric  acid. 

(At  160°)  Found,  C  =  63-33;  H  =  3-94  per  cent. 

This  substance  has  similar  properties  to  the  acacatechin  product,  and 
as  the  percentage  compositions  of  both  are  practically  identical,  they 
may  in  fact  consist  of  one  and  the  same  substance.  It  would  be  useless 
to  speculate  on  the  probable  formulae  of  these  ''anhydrides/'  for  their 
insoluble  nature  and  general  properties  indicate  that  they  possess  a 
high  molecular  weight ;  moreover,  their  bright  orange-red  colour 
and  the  fact  that  during  their  preparation  dark  soluble  products 
are  always  formed  suggest  that  the  reaction  is  a  complicated  one,  and 
not  to  be  regarded  as  the  effect  of  the  mere  withdrawal  of  water.  The 
above  analyses  are  not  in  accord  with  those  given  by  Kraut  and 
Delden,  who  obtained  their  substance  bypassing  hydrochloric  acid  into 
an  alcoholic  solution  of  catechin,  or  with  those  of  Etti,  who  employed 
hydrochloric  acid  in  a  sealed  tube  at  160 — 180°.  That  the  foregoing 
compound  is  a  pure  product  seems  certain,  and  it  appears  to  be 
characteristic  of  the  catechins,  for  the  closely  allied  cyanomaclurin  by 
a  similar  method  gives  an  orange-red  insoluble  anhydride  of  almost 
identical  com^MJsition. 

Found,  C  -  63-t8  ;  11  =  3-94  per  cent. 

t 

Oxidation  with  Potassium  Ferricya/nide. — As  is  well  known,  catechin 
it  not  to  be  regarded  as  a  dyestuff,  and  the  tinctorial  effects  derived 
from  it  are  a8flunie<l  to  be  due  to  a  Hubstancu  named  japunic  acid, 
produced  by  the  uxidatiuu  of  catechin  or  cutechutunuic  acid  during  the 
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dyeing  operation  (Hummel  and  Brown,  J.  Hoc.  Chein.  Ind.,  1896,  15, 
422).  This  substance  is  only  known  in  the  form  of  the  lake,  con- 
taining both  copper  and  chromium  as  produced  on  the  fibre,  although 
Schiitzenberger  and  Rack  {Bull.  Soc.  chim.,  1865,  [ii],  4,  5)  obtained  a 
dark-coloured  insoluble  compound,  C.^illi40io,  by  boiling  a  catechin 
solution  with  [X)tassium  dichromate,  which  is  no  doubt  related  to  this 
product. 

If  a  cold  aqueous  solution  of  either  catechin  or  acacatechin  (5  grams) 
is  treated  with  potassium  feiricyanide  (10  grams)  no  reaction  takes 
place,  but  if  an  alkali  acetate  (10  grams)  is  then  added  to  the 
mixture  an  orange-coloured  precipitate  is  quickly  deposited.  After 
standing  for  half  an  hour,  the  product  was  collected  and  washed  with 
water,  and  in  this  condition  closely  resembled  an  alizarin  paste.  It 
was  drained  on  porous  tile  and  allowed  to  dry  at  the  ordinary 
temperature,  for  at  lOO'^  in  the  wet  condition  it  congealed  to  resinous 
lumps,  although  when  air-dried  it  is  unaffected  at  this  temperature. 
Thus  obtained,  it  forms  an  orange-red  jwwder,  easily  soluble  in  hot 
alcohol,  and  is  dissolved  by  alkaline  solutions  with  an  oraage-brown 
coloration.  Alcoholic  potassium  acetate  gives  an  amorphous,  reddish- 
brown  potassium  salt.  Unfortunately,  up  to  the  present  all  attempts 
to  crystallise  or  to  oljtain  crystalline  derivatives  from  this  substance 
have  been  unsuccessful.  Its  chief  interest,  however,  lies  in  the  fact 
that  it  is  a  new  colouring  matter,  for  it  dyes  mordanted  calico,  prefer- 
ably in  the  presence  of  chalk  or  calcium  acetate,  orange-brown 
shades  which  are  fairly  fast  to  soap.  It  was  at  first  considered 
possible  that  this  substance  consisted  of  the  japonic  acid  above  referred 
to  in  the  free  state,  but  attempts  to  produce  the  shade  given  by  the 
latter  on  fabrics  mordanted  with  copper  and  chromium  did  not  give 
the  expected  lesult,  as  the  colour  was  not  only  of  a  poorer  character, 
but  it  possessed  a  much  more  orange  tint.  It  seems  more  probable, 
thei-efore,  that  this  dyestuff  is  related  to  the  catechone  of  Kostanecki 
and  Tambor  {loc.  cit.),  which  they  obtained  in  the  form  of  its  trimethyl 
ether,  CigHij,0,,  by  oxidising  catechin  tetramethyl  ether  with  chromic 
acid  in  the  presence  of  acetic  acid,  and  which  crystallises  in  orange- 
coloured  needles.  As  methylation  by  means  of  methyl  sulphate  did 
not,  however,  yield  a  product  susceptible  of  crystallisation,  this  could 
not  be  decided,  but  the  matter  is  reserved  for  further  study. 

Experiments  with  catechutannic  acid  showed  that  in  this  respect 
it  behaves  in  an  analogous  manner  to  catechin  and  acacatechin, 
although  in  this  case  the  oxidation  product  is  of  a  more  sparingly 
soluble  nature. 

Solutions  of  the  catechins  in  aqueous  potassium  or  sodium  hydroxide 
rapidly  darken  when  exposed  to  air,  owing  to  oxidation.  When,  how- 
ever, they  are  suspended  in  water  through  which  a  current  of  caibon 
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dioxide  is  passing,  and  excess  of  alkali  is  added,  the  solution  remains 
colourless,  and  if  the  passage  of  the  gas  is  then  continued  crystals 
of  unaltered  catechin  or  acacatechin  thus  separate. 

Acacatechin  tetramethyl  ether  is  but  slowly  attacked  when  heated 
with  alcoholic  potash  at  180°.  Thus,  after  two  hours  at  this  tempera- 
ture, a  considerable  quantity  was  recovered  possessing  the  correct 
melting  point,  and  in  this  respect  it  therefore  differs  considerably 
from  the  ethers  of  the  flavone  and  flavanol  class. 

During  this  work,  the  possibility  suggested  itself  that  acacatechin 
might  be  represented  as  Cj^HjoO^,  but  this  cannot  be  the  case,  as  after 
long  exposure  at  160°  its  percentage  composition  was  unaltered 
(found,  C  =  62'05;  H  =  4'94).  There  can  therefore  be  no  longer  any 
doubt,  in  view  of  the  numerous  results  to  this  effect,  that  tlie  formula) 
of  acacatechin  and  catechin  are  identical. 


Summary  of  Results. 

That  catechin  and  acacatechin  are  distinct  substances  is  at  once 
evident  on  comparing  the  melting  points  of  their  corresponding 
derivatives. 

*Penta-accty]catechiii    ...  124— 125°  *Catcchin  tetramethyl  ether  M4— lit!" 

Penta-acetylaeacatecliiii  158—160      Acacatechin  tetramethyl  ether..  152—151 

I'entabenzoylcatecliiii  ...  151—153    *Acetylcatechin  tetramethyl  ether      92—93 

rentabenzoylacacatechin  181 — 183      Acetylacacatechin  tetrametliyl 

ether    135—137 

Azobenzenecatechin 193—195      Acetylazobenzenecatechin 253—255 

Azobeuzeneacacatechin .  198—200      Acetylnzobenzeneacacatechiu  ....  227—229 

*  Kostanecki  and  Tambor,  loc.  cit. 

On  the  other  hand,  as  previously  discussed,  the  two  catechins  arc  so 
similar  in  their  behaviour  with  the  ordinary  reagents  that  no  doubt 
can  be  entertained  as  to  their  intimate  relationship. 

The  formation  of  veratric  acid  and  phloroglucinol  dimethyl  ether  by 
the  oxidation  of  the  catechin  tetramethyl  ethers  has  determined  tlie 
IMJsitiou  in  each  case  of  four  of  the  five  necessary  hydroxyls,  but 
further  information  is  required  before  it  will  be  possible  to  ascertain 
with  certainty  the  constitution  of  these  compounds.  In  the  former 
communication,  it  was  suggested  as  likely  that  catechin  or  acacatechitj 
might  be  regarded  as  a  reduction  product  of  quercetin,  thus  : 

O  OH 


OH  OHo 


'a 
and  on    this  assumption  the  isomerism  existing   between  these  two 
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compounds  could  be  explained  by  an  alteration  in  the  position  of  the 
alcoholic  group, 

O  OU 

oH'^\^Nj:h-<^\oh, 

OH  UH(OH) 

for  this  rearrangement  should  have  but  little  effect  on  the  properties  of 
the  compound. 

It  was  previously  pointed  out  that  the  property  of  giving  the  phloro- 
glucinol  reaction  so  characteristic  of  the  catechins  is  not  possessed  by 
the  corresponding  flavone  derivatives,  and  it  appeared  neoeesary  that  in 
order  to  be  capable  of  this  effect  all  three  hydroxyls  of  the  nucleus 
must  exist  in  the  free  condition.  Adopting  this  view,  t-atechin  might 
be  regarded  as  a  reduced  chalkone  derivative  : 

Oh/NoH  y-^ 

i      J-CO-CHj-CH.^-/      yon ; 

OH 

but  it  is  more  probable  that  the  effect  protluced  is  due  in  the  first 
place  to  a  hydrolysis  by  the  acid,  by  which  means  the  third  phloro- 
glucinol  hydroxyl  is  liberated. 

Experiments  were  carried  out  in  the  hope  of  isolating  a  sufficient 
quantity  of  the  catechin  of  higher  melting  point  (235 — 237°)  for 
complete  cliaracterisation.  The  results,  possibly  due  to  the  substance 
employed,  have  been  disappointing,  and  but  little  over  a  gram  of  this 
substance  could  be  obtained,  but  a  further  search  is  in  progress  which, 
it  is  anticipated,  will  give  larger  amounts  of  this  somewhat  rare 
material. 

Clothworkers'  Research  Laboratory, 
The  University, 
Leeds. 


L. — Preparation    and    Properties     of    1:4: 5-Tri- 
metliylglyoxaline. 

By  Hooper  Albert  Dickinson  Jovvett. 

In  previous  papers  on  the  constitution  of  pilocarpine  (Trans.,  1903, 
83,    438),  it   was  shown  that  this  alkaloid  must  be  regarded  as  a 
glyoxaline  derivative,  and,  furthermore,  that  the  lower  members  of 
VOL.   LXXXVIL  F   F 
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the  series,  for  example,  1  :  4-  (or  1  :  5-)  and  1  :  2-dimethylglyoxalines, 
did  not  possess  the  physiological  action  of  pilocarpine.  It  was  there- 
fore thought  desirable  to  attempt  the  preparation  of  glyoxalines 
containing  acidic  groups  analogous  to  the  homopilopic  complex  in 
pilocarpine  by  condensing  a  suitable  bromoglyoxaline  with  substances 
such  as  ethyl  sodiomalonate.     The  only  bromo-derivative  of  glyoxalines 

of  the  type        u      ^      -fi^CH  which  has  been  prepared  is  a  dibromo- 

dimethylglyoxaline  (Jowett  and  Potter,  Trans.,  1903,  83,  466),  mono- 
bi'omo-derivatives  not  having  been  obtained.  It  may  be  noted  that 
only  the  dibromo-derivatives  of  pilocarpine  and  isopilocarpine  have 
been  prepared.     The  only  monobromoglyoxalines  available  would  thus 

appear  to  be  of  the  type     „  ij     ^      A^^CBr,  which,  if  condensed  with 

aliphatic  sodium  derivatives,  would  yield  bases  differing,  however,  from 
pilocarpine  in  the  point  of  attachment  of  the  acidic  complex.  It  was 
decided  to  attempt  the  preparation  of  2-bromo-l  :  4 : 5-trimethyl- 
glyoxaline  as  the  most  suitable  substance  for  the  purpose  of  con- 
densation. 

1:4:  b-Tri7}iethylglyoxaline  was  prepared  from  4  :  5-dimethylglyoxa- 
line,  which  had  previously  been  obtained  by  Kiinne  {Ber.,  1895,  28, 
2039).  It  is  a  crystalline  base,  yielding  a  series  of  crystalline  salts, 
which  were  prepared  and  characterised.  On  bromination,  the  desired 
vionoh'omotrimethylglyoxaline  was  obtained.  It  is  a  ciystalline  base 
forming  crystalline  salts  which  have  been  prepared  and  characterised. 
In  this  respect,  it  differs  from  dibromopilocarpine  and  dibromoiso- 
pilocarpine,  which  possess  only  feeble  basic  properties  (Trans.,  1901,  79, 
586).  Although  the  required  bromoglyoxaline  has  been  obtained,  the 
yield,  unfortunately,  was  so  small  that  it  was  not  considered  practic- 
able to  prepare  sufficient  material  for  the  experiments  above  men- 
tioned. The  amount  of  bromotrimethylglyoxaline  obtained  from  one 
kilogram  of  methyl  ethyl  ketone  under  the  best  conditions  was  only 
two  to  three  grams.  All  attempts  to  improve  this  yield  having 
failed,  it  is  intended  to  attack  the  pi'oblom  from  another  standpoint. 

Experimental. 

1:4: 6-TrifMthylglyoxaltne,        ''  U     '      xt^^^- 

4 :6-DimetliyIglyoxalino  was  prepared  from  the  corresponding 
raercaptan  by  treatment  with  nitric  acid,  the  mercaptan  being  obtained 
from  methyl  ethyl  ketone  according  to  the  method  described  by  Kiinne 
(loc.  cit.).     Despite  numorons    oxporiinonts,    thcj    maximum    yield    of 
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pure  base  was  only  4  per  cent,  of  the  ketone  taken.  The  base 
distilled  at  165°  under  10  mm.  pressure  and  melted  at  117^,  this 
being  the  temperature  given  by  Kiinne.  The  nitrate,  after  recrys- 
tallisation  until  the  melting  point  was  constant,  formed  colourless, 
acicular  crystals  which  fused  at  180°  with  effervescence.  Kiinne  gave 
the  melting  pjint  as  164^. 

Dimethylglyoxaliiie  piorate  crystallises  in  brilliant  yellow  needles, 
which,  after  purification  by  recrystallisation  from  hot  water  and 
drying  at  110',  melt  at  196 — 197".  The  picrates  of  the  glyoxalines 
afford  one  of  the  easiest  methods  of  identitication  of  these  bases,  as 
they  are  readily  formed,  crystallise  with  facility,  and  have  well 
defined  melting  points. 

Trimet/ii/lyli/oxaline  is  best  prepared  by  the  action  of  sodium  methyl- 
sulphate  on  the  sodium  derivative  of  dimethylglyoxaiine,  according  to 
Titherley's  general  method  (Trans.,  1901,  79,  401).  In  conducting 
this  operation,  it  was  found  necessary,  in  order  to  obtain  the  best 
yield,  to  work  with  nut  more  tlian  5  grams  of  glyoxaline  at  a  time, 
and  to  expose  as  large  a  surface  as  possible  of  the  mixed  sodium  salts 
to  the  action  of  heat.  Even  under  the  best  conditions,  the  yield  of 
trimethylglyoxaliue  was  only  32  per  cent,  of  the  dimethylglyoxaiine 
taken.  The  crude  product,  obtained  by  extracting  the  sodium  salts 
with  ether  and  removing  the  ether  by  distillation,  was  fractionated 
under  20  mm.  pressure,  when  the  greater  portion  distilled  at  115 — 120^, 
a  little  unchanged  dimethylglyoxaiine  being  recovered  from  the  higher 
fractions.  On  redistillation,  the  greater  portion  boiled  at  117'^  under 
20  mm.  pressure  and  solidified  in  the  receiver  to  a  mass  of  long, 
acicular  crystals.  These  were  drained  on  porous  earthenware  and 
then  dried  in  a  vacuum  over  sulphui'ic  acid.  The  crystals  melt  at  46° 
and  are  soluble  in  all  proportions  in  water,  alcohol,  or  ether.  On 
exposure  to  the  air  for  only  a  few  seconds  they  absorb  moisture  and 
liquefy. 

01386  gave  03340  COj  and  01 132  H.fl.     0  =  657;  H  =  9-l. 
0  0972     „     21-6  c.c.  nitrogen  at  IS*"  and  761  mm.     N  =  25-2. 
CgHioNg  requires  0  =  655  ;  H  =  91  ;  N  =  254  per  cent. 

The  base  has  the  characteristic  odour  of  the  glyoxalines  previously 
described. 

Attempts  to  prepare  the  base  by  the  action  of  dimethyl  sulphate 
on  dimethylglyoxaiine  were  unsuccessful. 

Trimethylglyoxcdim  nitrate,  G^K^^.^,B.1^0yllf>,  separates  from  its 
aqueous  solution  in  long,  acicular  crystals  which,  after  purification  by 
recrystallisation,  melt  at  46^.  It  is  readily  soluble  in  water  or 
alcohol,  but  insoluble  in  ether.  When  crystallised  from  alcoholic 
solution  by  the  addition  of  ether,  the  crystals  melt  indefinitely  at 

V  V  -1 
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from  50°  to  70°,  owing  to  partial  dehydration.  Owing  to  the  low 
melting  point  of  the  hydrate,  the  water  of  crystallisation  could  not  be 
determined  by  the  ordinary  methods.  On  analysis,  the  salt  (m.  p.  46°) 
gave  the  following  result : 

0-149  gave  0-210  CO.^  and  0-0962  HgO.     C  =  38-4  ;  H  =  7-2. 
CgHio^2'HN03,H20  requires  0  =  37-7  ;  H  =  6-8  per  cent. 

Trimethylglyoxaline  hydrochloride,  Q^-^^^^JS-QljU^O,  separates  from 
its  aqueous  solution  in  long,  acicular  crystals  which,  when  dried  in  the 
air,  melt  indefinitely  at  about  80°,  but  after  drying  either  in  a  desic- 
cator over  sulphuric  acid  or  at  110°,  the  crystals  melt  sharply  at  199°. 
The  crystals  are  freely  soluble  in  water  or  alcohol,  but  insoluble  in  ether. 

0-225  air  dried  salt  lost  0-025  at  110°.     HgO^  1 M. 
0-20  anhydrous  salt  gave  0-1954  AgCl.     CI  =  24-2. 
CgHioN2,HCl,H20  requires  H20=  10-9. 
CeHioNg.HCl  requires  01  =  24-2  per  cent. 

The  aurichloride  formed  yellow,  acicular  crystals  which,  after  drying 
at  110°,  melted  at  202°. 

0-122  gave  00536  Au.     Au  =  43-9. 

CgHjQNojHAuCl^  requires  Au  =  43-8  per  cent. 

The  j)latinichloi'ide  slowly  separated  from  its  aqueous  solution  as 
yellow  crystals  which,  after  drying  at  110°,  melted  at  224—225°. 

0-0926  gave  0-0288  Pt.     Pt  =  31-1. 

(CgHjoN2)2,H2PtCl6  requires  Pt  =  31-0  per  cent. 

The  picrate  formed  yellow,  acicular  crystals  which,  after  recrystalli- 
sation  from  hot  water  and  drying  at  110°,  melted  at  218°. 

The  methiodide  was  prepared  by  adding  methyl  iodide  to  the  base, 
when  a  violent  reaction  occurred  and  the  mixture  at  once  solidified. 
The  crystals  were  recrystallised  from  alcoholic  solution  by  the  addi- 
tion of  ether,  and  separated  in  long  needles  readily  soluble  in  water  or 
alcohol,  insoluble  in  ether,  and,  after  drying  at  110°,  melted  at  158°. 

0-189  gave  01 76  Agl,    1  =  50-3. 

C^HiqNjjCHjI  requires  1  —  50-4  per  cent. 

.     .    .     .      ,   ,  ,        ,.      CHa-C-N(CH8)^^„ 
2Bromo- 1:4: 5-trnnethylylyoxuhne,        "  U  "'^CBr. 

L>  I  1  y  ■  U  ^ 

Pruliminiuy  oxporinicntH  proved  that  this  substance  could  not  be 
prepared  by  mothmlM  analogous  to  those  employed  in  the  case  of  1:4- 
(or  1  : 6-)  dimethylglyoxaline  and  pilocarpine.  It  was  ultimately  ob- 
tained by  tbo  foliowing  method. 
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Trimethylglyoxaline  (2-8  grams)  was  dissolved  in  about  10  c.c.  of 
carbon  disulphide,  and  to  the  solution  4-1  grams  of  bromine  in  10 
c.c.  of  carbon  disulphide  were  gradually  added.  Considerable  heat 
was  evolved  and  the  mixture  was  kept  cool.  After  a  certain  quantity 
of  bromine  had  been  added,  a  crystalline  solid,  presumably  the  hydro- 
bromide  of  the  base,  began  to  separate,  and  this  was  dissolved  by  the 
addition  of  a  little  alcohol  to  the  mixture.  The  solvent  was  then 
removed  by  distillation,  the  residue  dissolved  in  water,  excess  of 
potassium  carbonate  added,  and  the  alkaline  liquid  extracted  several 
times  with  ether.  The  ethereal  solution  was  then  washed  and  dried, 
and,  after  distillation,  left  a  residue  which  was  crystallised  from  hot 
water.  The  best  yield  of  orystallino  product  obtiined  was  22  per  cent, 
of  the  base  taken. 

Bromotrimeth;iUjli/oj-(dine,  C^ll.^N^lir.L'il.^,  crystallises  from  hot 
water  in  long,  silky  needles,  which,  when  dried  in  the  air,  melt  at  49°, 
but  after  drying  in  a  desiccator  over  sulphuric  acid  fujse  at  83 
readily  soluble  in  hot  water,  alcohol,  or  ether,  but  sparingly  su  m 
eokl  water.  Its  aqueous  solution  is  feebly  alkaline,  but  the  base  dis- 
solves readily  in  acids  forming  salts.  It  has  a  characteristic  powerful 
narcotic  odour. 

0-2880  air-dried  lost  00480  in  a  vacuum  over  H,SO^.     H^0=  16-6. 
CgH.jN,Br,2H20  requires  H2O  - 160  per  cent. 

The  dried  base  (m.  p.  83°)  was  analysed  with  the  following  result : 

0  0844  gave  0-0841  AgBr.     Br  =  42  4. 

CgHyNjBr  requires  Br  =  42  3  per  cent. 

Tlie  hydrobromide  crystallises  in  hard  cubes  which  are  soluble  in 
water  or  alcohol,  but  insoluble  in  ether.  When  dried  at  110^,  the 
crystals  melt  at  208"^. 

01139  gave  0-1565  AgBr.     Br  =  58-5. 

CgHyNgBrjHBr  i-equires  Br  =  59*2  per  cent. 

The  aurichloride  formed  yellow,  acicular  crystals  which  were 
sparingly  soluble  in  cold  water,  but  more  fret^ly  in  the  hot  solvent. 
After  drying  at  110°,  the  crystals  melted  at  191°. 

0  1874  gave  00698  Au.     Au  =  37-2. 

CgHgNgBrjHAuCl^  requires  Au  =  37"2  per  cent. 

The  picrate  formed  yellow,  acicular  cry.->tils,  which,  after  recrystal- 
lisation  from  hot  water  and  drying  at  110^,  melted  at  173°. 

The  Wellcome  Chemical  Research  Laboratories, 
London,  E.C. 
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LI. — Tlie  Velocity  of  Oxime  Formation   in   Certain 

Ketones. 

By  Alfeed  Walter  Stewart,  B.Sc,  1851  Exhibition  Scholar  of 
the  University  of  Glasgow. 

The  hindering  influence  produced  by  the  introduction  of  various 
groups  into  ketonic  compounds  has  been  already  studied  by  the 
author  in  the  case  of  the  additive  products  formed  with  sodium 
hydrogen  sulphite  (Trans.,  1905,  87,185),  and  it  seemed  desirable  to 
apply  a  somewhat  similar  method  to  the  case  of  oxime  formation, 
with  the  view  of  finding  whether  steric  hindrance  was  actually  the 
chief  factor  in  the  problem.  If  the  rates  of  formation  of  the 
oximes  of  various  ketones  showed  the  same  relations  to  each  other 
as  those  found  in  the  case  of  the  "  bisulphite "  compounds,  the 
probability  that  steric  hindrance  played  a  great  part  in  the  re- 
action would  be  increased,  since  chemically  the  reactions  are  quite 
different  in  character. 

The  simplest  method  of  estimating  the  percentage  of  oxime 
formed  in  a  given  case  seemed  to  be  to  determine  the  amounts  of 
free  hydroxylamine  present  in  a  solution  both  before  and  after  the 
reaction  has  lasted  for  a  fixed  interval  of  time. 

Several  series  of  experiments  were  carried  out  before  a  satis- 
factory process  was  discovered.  At  first  an  indirect  method  was 
tried :  a  fixed  excess  of  ferric  sulphate  was  boiled  with  the  oxime 
solution  in  an  atmosphere  of  carbon  dioxide,  and  the  amount  of 
ferrous  sulphate  thus  formed  was  estimated  by  titration  with  potass- 
ium permanganate.  This  did  not  give  concordant  results,  nor  did 
direct  titration  of  the  unchanged  hydroxylamine,  either  with 
Fehling's  solution  or  with  a  solution  of  potassium  nitrite. 

In  the  end  the  following  mode  of  estimation,  adapted  from  a 
method  of  estimating  hydroxylamine  described  by  Mcyeringh 
{Ber.,  1877,  10,  1940),  was  found  to  be  the  best.  In  order  to 
obtain  results  comparable  with  those  already  found  in  the  case  of 
the  "  bisulphite  "  compounds,  iV/10  aqueous  solutions  of  the  ketones 
were  diluted  with  alcohol  to  N/\2.  Fifty  c.c.  of  the  ketone  solu- 
tion were  mixed  with  an  equal  volume  of  iV^/12  hydroxylamine 
sulphate  solution,  and  the  mixture  was  left  in  ice.  Every  ten 
minutes,  10  c.c.  were  witlidrawn,  to  which  wore  added  20  c.c.  of 
JV/5  iodine  solution  and  20  c.c.  of  N /T)  disodium  hydrogen  phos- 
phate solution;  the  whole  was  placed  on  a  water-bath  for  one 
minute,  and  the  excess  of  iodine  remaining  was  then  titrated  with 
sodium  thiosulphatc  in  the  usual  way. 
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The  rationale  of  the  method  is  as  follows.  The  ketone,  in  forming 
an  oxime,  uses  up  a  certain  quantity  of  hydroxylamine ;  the  remain- 
ing hydroxylamine  is 
decomposed  by  warming 
with  the  iodine  solution, 
and  the  hydriodic  acid 
thus  produced  is  taken 
up  by  the  sodium  phos- 
phate before  it  affects  the 
oxime;  the  amount  of 
iodine  left  unchanged  is 
then  estimated  by  means 
of  the  thiosulphate  titra- 
tion, and  from  it  the 
amount  of  hydroxylamine 
employed  in  oxime  form-  | 
ation  can  bo  deduced.  J 
This  method  was  found  § 
to  be  sufficiently  accurate,  "S 
the  results  being  con-  "^ 
cordant  to  within  oiie  |> 
per  cent.,  which  is  suifi-  | 
ciently  close  for  the  pur-  ,fe 
pose  in  view.  It  fails, 
however,  when  employed 
with  aldehydes,  owing  to 
their  ready  oxidation ; 
and  also  in  the  case  of 
compounds  containing  the 
gioup  -CO-CHo-CO- 

which    react   with    iodine 
on   warming. 

The  results  obtained 
are  shown  in  the  table 
and  curves.  In  the  case 
of  acetonylacetone,  twice 
the  usual  quantity  of  the 

hydroxylamine  solution  was  used,  and  the  results  given  show  the 
percentage  of  oxime  formed  at  each  carbonyl  group. 
10 

Acetone  •io'l 

Methyl  ethyl  ketone  ...  36-6 
,,  propyl  ,,  ...  347 
,,      (wpiopyl  ketone     31  4 

Ethyllieviilatc 26-1 

Acetonylacetone   19  0 

Pinacolin 12  1) 


20 

30 

40 

minutes. 

497 

50  0 

501 

j>ercentage  of  c 

39-2 

39-2 

39-2 

>>              » 

37-3 

39-9 

41-2 

>>              1 

31-5 

32  0 

32  0 

,,              , 

30-0 

33-9 

35-0 

30  0 

35-0 

39  0 

•  1              I 

170 

24 -5 

21-5 

.1              1 
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On  the  whole,  the  foregoing  results  appear  to  support  those 
already  obtained  as  to  the  influence  of  the  methyl  group  when  it  is 
substituted  for  a  hydrogen  atom  near  the  carbonyl  group.  During 
the  first  ten  minutes  of  all  the  reactions,  the  only  divergence  from 
the  relations  determined  in  the  case  of  the  "  bisulphite  "  compounds 
is  to  be  found  with  ethyl  Isevulate,  the  velocity  of  the  "  bisulphite  " 
reaction  of  which  lay  between  those  of  methyl  propyl  and  methyl 
?sopropyl  ketones,  whilst  in  the  foregoing  table  it  has  a  lower  rate 
of  reaction  than  methyl  Mopropyl  ketone.  Apart  from  this  in- 
stance, the  same  influences  appear  to  govern  the  courses  of  both 
reactions.  If  the  percentages  of  oxime  formed  by  acetone,  methyl 
ethyl  ketone,  methyl  wopropyl  ketone,  and  pinacolin  at  the  end  of 
twenty  minutes  are  considered,  the  following  numbers  are  obtained : 

CHa'CO-CHg 497  per  cent.       CH3-C0-CH(CH3)2 31-5  per  cent. 

CHg-CO-CHj-CHa 392        „  CH3-CO-C(CH3)3     17-0 

It  will  be  noticed  that  the  velocity  of  the  reaction  in  the  case  of 
methyl  ethyl  ketone  appears  to  undergo  retardation  after  twenty 
minutes,  causing  the  percentage  of  oxime  generated  at  the  end  of 
a  forty-minute  period  to  fall  below  that  produced  in  the  case  of 
methyl  isopropyl  ketone. 

The  reaction  of  oxime  formation  appears  to  be,  on  the  whole, 
more  rapid  than  the  addition  of  sodium  hydrogen  sulphite  to  the 
carbonyl  group;  a  state  of  equilibrium  is  reached  more  speedily. 
This  is  to  be  expected  when  we  take  into  account  the  nature  of  the 
reaction  and  the  relative  masses  of  the  groups  involved.  In  the 
case  of  the  "  bisulphite "  compounds  it  is  merely  a  question  of 
adding  on  a  bulky  group: 


Rv  SOgNa         R.        /I 

>c:o  +  I         =     \c<; 

R/  H  R/      \' 


SO„Na 


OH 

whereas  in  the  second  instance  a  smaller  group  enters,  and  water 
is  immediately  eliminated : 

Rv  NH-OH         R.       /NH-OH        R. 

\c:o  +  I  =     >c<  =      >c:n-oh  +  h„o. 

R/  H  R/     \OII  r/ 

The  oximcs  appear  to  bo  better  suited  than  the  "  bisulphite  "  com- 
pounds for  estimations  of  the  velocity  of  formation  of  additive 
compounds  of  ketones,  when  many  methyl  groups  lie  in  the  neigh- 
bourhood of  tlio  carbonyl.  The  oxime  method  has  also  a  great 
advantage  over  the  other,  since  in  the  titration  of  tlic  "  bisulphite  " 
compounds  a  slow  inverse  action  takes  i)lacc,  which  does  not  occiir 
in  the  case  of  the  hydroxylamino  estimation.     This  method  might 
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conceivably    be    useful    in   confirming   the  constitutions   of   cyclic 
carbonyl  compounds  containing  many  methyl  groups. 

In  conclusion,  the  author  wishes  to  thank  Professor  Collie  and 
Dr.  Smiles  for  assistance  given  during  the  above  research. 

TiiK  Organic  Chemistky  Labobatouv, 

University  Collboe, 

London. 


LII. — Limonene  Nitrosocyanides  and  their  Derivatives. 

By  Frederick  Peacock  Leach. 

In  a  "  preliminary  notice  of  some  new  derivatives  of  pinene  and  other 
terpenes "  {Proc.,  1902,  18,  163),  it  was  shown  by  Tilden  and 
Burrows  that  whilst  pineno  uitrosochloridp  yields  with  potassium 
cyanide  a  crystalline  nitrosocyanide,  a  mixture  of  the  isomeric  limoDeoe 
nitrosochlorides  gives  a  liquid  product. 

By  modifying  the  conditions  of  experiment,  it  has  since  been  found 
that  the  separate  limonene  nitrosochlorides  yield  corresponding  crystal- 
line nitrosocyanides,  the  investigation  of  which  I  have  continued  at 
the  request  of  Professor  Tilden. 

The  following  table  contains  a  statement  of  the  principal  physical 
characters  of  the  liaionene  nitrosochlorides,  as  determined  by  Wallach 
and  Conrady,  together  with  those  of  the  new  compounds  derived  from 
them  by  processes  the  details  of  which  will  be  found  in  the  experi- 
mental part  of  this  paper  : 


Compound. 


Dextro- 

auJ  laevo-, 

m.  p. 


Racemic, 
m.  p. 


Limoueuo      (Wallach  and  Coni-ady)  —  — 

a-Nitiosochloride  ,,                   ,,  103 — 104  — 

j8-Nit!osoehloride  ,,                   ,,  not  detinite 

a-Nitrosocyanide  90 — 91"  81" 

Benzoyl  a-iiitrosoeyanide 108  96 

;8-Nitiosocyanide  .' 140—141  159—160 

Benzoyl /3-nitiosocyamde 121  98 

a-Aiuide 138  155 

Benzoyl  a-amide    152  150 

a-Carboxylic  acid  ii7  116 

Dihydrocarvoxime    js  .".  115 


Deitro- 


106-8' 

313-4 

240-3 

152-7 

1-26-3 

-31  6 

108-2 

174-9 

241-7 

102-9 

+  9-45 


Laevo- 


-105  0' 
-314-8 
-242-2 
- 152-2 
-127-2 
+  30-6 
+  108-7 
-174-0 
-242-0 
-103-9 
-9-2S 


The  a-   and  /8-nitrosochlorides    both   yield    the  same   two  isomeric 
nitrosocyanides,  referred  to  in  this  paper  as  the  a-  and  ^-modifications, 
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and  these  two  compounds  are  produced  from  the  a-nitrosochloride  in 
the  same  proportion  as  from  the  y8-nitrosochloride.  These  remarks 
apply  equally  to  the  derivatives  of  d-  and  Mimonenes. 

This  observation  is  in  accord  with  the  account  given  by  Wallach 
{Annalen,  1889,  252,  113,  and  1892,  270,  181)  of  the  production  of 
two  isomeric  nitrolamines  from  limonene  a-  and  y8-nitrosochlorides 
respectively. 

The  d-  and  ^a-nitrosocyanides  behave  quite  normally  as  nitriles, 
giving  on  hydrolysis  the  corresponding  amides  and  acids.  The  acids 
are  characterised  by  the  readiness  with  which  they  part  with  carbon 
dioxide,  yielding  the  normal  oxime  of  d-  and  /-dihydrocarvones. 

The  ;8-nitrosocyanides  are,  however,  produced  in  such  small  quantity 
that  material  sufficient  for  the  preparation  of  the  corresponding  amides 
and  acids  has  not  been  accumulated,  but  on  hydrolysis  with  caustic 
potash  these  cyanides  yield  the  oximes  of  dihydrocarvone  identical 
with  those  obtained  from  the  a-acids. 

The  following  scheme  will  elucidate  the  relationship  of  the  new 
compounds  : 

d-  and  Z-o-Nitrosochlorides.  d-  and  ^j8-Nitrosochlorides. 

y  ■< ~~~~— ^  i 

d-  and  ^a-Cyanidos.  d-  and  Z-j8-Cyanides. 

d-  and  Z-a-Amides. 

d-  and  ^a-Acid8. 

d-  and  Z-Dihydrocarvoximes  (m.  p.  88 — 89°). 

In  order  to  discuss  the  nature  of  the  isomerism  of  these  nitroso- 
chlorides  and  nitrosocyanides,  the  formula  recently  established  by 
W.  H.  Parkin,  jun.  (Trans.,  1901,  85,  654),  may  be  a.ssumed. 

The  a-  at)d  /3-nitrosocyanides  formed  from  these  two  nitrosochlorides 
in  the  manner  already  indicated  are  unimolocular,  and  their  isomerism 
can  only  bo  accounted  for  on  the  cis-  and  <7'an.s-hypothesis,  the  more 
fusible  isomeride  (m.  p.  90 — 9P)  being  assumed  to  be  the  ci«-compound 
and  the  less  fusible  (m.  p.  140—141°)  isomeride  its  ^raws-correlative. 
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CHgCN 

c 


CI  8 


HgCi 


c:noh 

CH, 


c 

/■•••. 

CH3.C      H 
CH, 

Limonene  a-nitrosoeyanide 
(m.  p.  90—91"). 

CN  CH3 

\/ 
C 


CH3  CO-NH^ 

c 

HjCi^CINOH 
Hod     JCH. 


CH3-C 


c 


H 


trans 


HoCf 
HoC 


CH3.C 


C 


c:noh 

CH, 


H 


CH2 

Limonene  ^-I'itiosocyanide 
(m.  p.  140-Hr). 


CHj 

a-Amide 
(ni.  p.  138°). 


CH,  CO.,H 

\V  ■ 

c 


c:noh 


HjCl^CH, 

C 

/\ 
CHa-C      H 

CH, 

a-Acid 
(m.  p.  97*). 


CH3H 

c 


H,C| 
H,0 


c:noh 
CH3 


c 


L-C      E 

3  I  I 


CH,-C      H 

'  II 
CH, 

Dihydrocarvoxime 
(m.  p.  88—89°). 


The  isomerism  of  the  uitrolamines  must  be  accounted  for  in  a 
similar  way. 

A  remarkable  resemblance  exists  between  the  limonene  a-nitroso- 
cyanides  and  their  derivatives  and  the  nitrosocyanide  prepared  by 
Wallach  {Armaleii,  1888,  248,  164)  from  amylene  nitrosate. 

The  acid  obtained  by  hydrolysing  the  cyanide  in  each  case  happens 
to  melt  at  the  same  temperature,  97°,  and  both  at  this  temperature 
pass  intooximes  with  vigorous  evolution  of  carbon  dioxide.  As  already 
stated,  the  limonene  a-acid  gives  the  normal  oxime  of  dihydrocarvone, 
whilst  the  acid  from  amylene  nitrosocyanide  yields  the  oxime  of 
methyl  tsopropyl  ketone,  (CH3)2CH-C(NOH)-CH3. 

The  mechanism  of  the  process  by  which  the  isomeric  nitrosocyanides 
are  formed  from  the  limonene  bimolecular  nitrosochlorides  is  not  yet 
fully  elucidated,  but  it  may  be  regarded  as  probable  that  at  the  moment 
of  separation  of  the  two  semi-molecules  of  the  nitrosochloride  a  double 
link  is  temporarily  formed  by  the  removal  of  the  elements  of  hydrogen 
chloride : 


C,H,,< 


7^ci 
^c<" 


-^ 


C,H„<il'^^' 

^    ^-    C-NO- 
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This  is  immediately  followed  by  the  addition  of  hydrogen  cyanide, 
while  the  bisnitroso-compound  changes  into  the  oxime  : 


— > 


C^Hjg 


CHg 

CN 

c:noh 


whether  the  cis-  or  traiis-iorm  of  nitrosocyanide  is  produced  would 
depend,  according  to  this  hypothesis,  on  which  of  the  two  bonds 
temporarily  formed  is  saturated  by  the  addition  of  the  hydrogen 
cyanide,  and  it  may  be  supposed  that  the  nitrosocyanide,  which  is 
formed  in  the  smaller  proportion,  namely,  the  ^-compound,  would  be 
the  product  of  this  succession  of  changes.  The  a-nitrosocyanide 
might  be  formed  in  a  similar  manner,  but  it  appears  more  probable 
that  this  results  from  the  direct  substitution  of  CN  for  the  chlorine 
of  the  nitrosochloride.  Support  is  found  for  the  above  hypothesis  as 
to  the  formation  of  a  temporary  double  linking  in  the  researches  of 
von  Baeyer  {Ber.,  1893,  26,  2861). 

It  is  noteworthy  that  whilst  the  optical  activity  of  the  a-nitroso- 
cyanides  is  in  the  same  sense  as  that  of  the  nitrosochlorides  from 
which  they  are  derived,  the  /3-nitrosocyanides  have  specific  rotation 
opposite  in  sign  to  that  exerted  by  the  corresponding  nitrosochlorides. 

Several  other  questions  remain  for  further  investigation,  among 
them  an  inquiry  as  to  the  nature  of  the  union  between  the  two  semi- 
molecules  of  the  nitrosochlorides. 

The  substitution  or  withdrawal  of  the  chlorine  certainly  renders  the 
bisnitroso-linking  unstable,  but  it  does  not  appear  to  follow  in  all 
cases  that  the  presence  of  the  chlorine  prevents  the  assumption  of  the 
oxime  constitution  by  the  nitroso-group,  or  that  on  the  removal  of  the 
chlorine  the  derivative  is  necessarily  uuimolecular. 


Experimental. 
Preparation  of  the  Isomeric  Liinonene  Nitroaocyanides. 

The  t/-limonene  employed  in  these  experiments  was  the  fraction  of 
sweet  orange  oil  boiling  at  174 — 176°,  having  sp.  gr.  08664  at  15", 
and  a|,  100°22*5'  in  a  1-iicm.  tube,  whence  [a],,  1152°;  a  solution  in 
chloroform  gave  [a]„119'9".  The  ^-limonone  obtained  from  Messrs. 
Schimmel  distilled  at  172—176°,  had  a  sp.  gr.  0-8658  at  1!)°,  and  gave 
oo  "y7°27'  in  a  1-dcm.  tube,  whence  [a]„  -  112-3° 

ThcKO  hydrocJirbotiH  were  converted  into  the  nitrosochlorides  by 
WuHucIi'h  procOHH  {^Annaleuy  188'J,  252,  lOK),  but  in  (luanlitics  twenty 
timoH  thoNi)  iTientionod,  addition  of  hydrochloric  acid  being  temporarily 


AND  THEIR   DERIVATIVES.  417 

discontinued  when  the  precipitation  of  the  nitrosochloride  induces  a 
rapid  rise  of  temperature  ;  at  the  conclusion  of  the  operation,  100  c.c. 
of  alcohol  were  added,  75  grams  of  the  isomeric  products  being  thus 
obtained  from  every  100  c.c.  of  hydrocarbon.  In  order  to  separate  the 
a-  and  ^-nitrosochlorides,  150  grams  of  the  mixture  were  added  to 
450  grams  of  chloroform,  which  dissolved  the  major  portion,  forming 
a  deep  blue  liquid,  the  undissolved  portion  consisting  of  crude 
yS  nitrosochloride,  which  was  reprecipitated  by  methyl  alcohol  from  the 
solution  in  10  parts  of  chloroform,  and  finally  wa-shed  with  dry 
ether. 

The  bulk  of  both  the  a-  and  /S-compounds  was,  however,  obtained 
from  the  first  solution  in  chloroform,  from  which,  by  adding  methyl 
alcohol,  the  ^-nitrosochloride  was  precipitated,  together  with  the 
greater  quantity  of  the  a-compound,  which  is  finally  purified  by 
dissolution  in  ether  and  precipitation  with  methyl  alcohol,  68 — 70 
grams  of  the  a-nitrosochloride  and  40 — 42  grams  of  the  /3- nitroso- 
chloride being  obtained  from  150  grams  of  the  crude  mixture.  Owing 
to  the  large  production  of  a  yellow  oil,  which  arises  from  the  action  of 
potassium  cyanide  on  the  limonene  nitrosochlorides,  it  has  been  neces- 
sary to  modify  the  method  of  preparation  previously  indicated  (Ti-ana., 
1904,  85,  931).     The  following  process  gives  the  best  results. 

Twenty  grams  of  the  pure  a-  or  y3-uitrosochloride  were  ground  to  a 
fine  ix)wder  with  12  grams  of  potassium  cyanide  ;  alcohol  was  gradually 
added  up  to  120  c.c,  the  mixture  being  kept  at  25 — S0°.  Potassium 
chloride  was  soon  deposited,  whilst  the  liquid  assumed  a  pale  yellow 
colour,  which  deepened  as  the  reaction  proceeded,  the  nitrosochloride 
gradually  disappearing ;  the  a-uitrosochloride  was  completely  changed 
in  about  5  days,  the  /?  compound  requiring  about  15  days,  but  these 
rates  are  influenced  very  considerably  by  variation  in  temperature. 
Pouring  the  alcoholic  solution  into  water  precipitated  a  colourless  oil, 
which  soon  became  semi-solid  and  weighed  18  grams ;  washing  with 
light  peti'oleum  and  crystallisation  from  the  same  solvent  furnished 
two  optically  active  nitrosocyanides,  of  which  the  preponderating 
modification  formed  thick  prisms  (7  grams)  melting  at  90 — 91°, 
the  remainder  (0*5  gram)  crystallising  in  slender  needles  and  melting 
at  140 — 141°.  The  less  fusible  isomeride  is  also  deposited  in  part 
from  the  light  petroleum  washings,  and  purified  by  solution  in  chloro- 
form and  precipitation  with  peti  oleum.  When  the  reaction  is  carried 
out  above  30°,  this  isomeride  is  not  readily  produced.  Attempts  have 
been  made  to  increase  the  yield  of  the  nitrosocyanides  by  dissolving 
the  a-nitrosochloride  in  ether,  mixtures  of  alcohol  with  ether  and  of 
water  with  ether,  instead  of  alcohol,  and  no  better  results  were 
obtained  by  substituting  different  metallic  cyanides  for  potassium 
cyanide.    The  a-  and  /8-nitrosochlorides  both  give  rise  to  approximately 
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30 — 35  per  cent,  of  a-nitrosocyanide,  accompanied  by  2 — 3  per  cent, 
of  the  ^-modification,  the  remaining  60  per  cent,  being  transformed 
into  an  oil  the  composition  of  which  has  not  been  determined. 


d-  and  l-Limonene  a-Nitrosocyanides,  Cjo^is'^rixT     • 

The  dextro-cbmpound  has  been  already  described  (Trans.,  1904,  85, 
932).  Both  the  d-  and  ^a-nitrosocyanides  crystallise  from  dilute 
alcohol  in  long,  colourless,  transparent,  four-sided  prisms,  also  from 
light  petx'oleum  in  flattened  prisms,  readily  soluble  in  ether,  chloro- 
form, and  hot  petroleum,  sparingly  so  in  cold  petroleum,  and 
insoluble  in  water.  They  melt  at  90 — 91°  without  decomposition, 
fusing  again  at  the  same  temperature.  The  compounds  are  soluble  in 
dilute  aqueous  alkali,  and  are  reprecipitated  by  the  addition  of  dilute 
acid ;  a  solution  of  bromine  in  chloroform  is  readily  decolorised,  and 
halogen  acids  are  fixed  by  the  cyanides.  When  crushed,  the  a-nitroso- 
cyanides  become  very  electrified,  clinging  tenaciously  to  the  vessel. 
Towards  hot  aqueous  or  alcoholic  potash  they  behave  like  normal 
nitriles,  being  readily  hydrolysed  to  the  corresponding  amide  or  acid 
with  evolution  of  ammonia. 

The  a-nitrosocyanides  gradually  dissolve  with  evolution  of  heat  in 
concentrated  sulphuric  acid,  producing  a  yellow,  and  finally  a  deep  red, 
colour  ;  on  pouring  the  solution  into  water,  the  liquid  remains  clear, 
but  on  neutralising  with  ammonia  a  white,  gelatinous  precipitate  is 
formed,  which  has  not  been  further  investigated.  When  heated  with 
dilute  acids,  the  nitrosocyanides  readily  yield  hydroxylamine  together 
with  dark  coloured,  uncrystallisable  products. 

The  a-nitrosocyanides  are  optically  active,  the  sign  of  the  rotation 
being  the  same  as  that  of  the  nitrosochlorides  from  which  they  are 
derived. 

0*5692  gram  of  the  dextro-a-nitrosocyanide,  dissolved  and  made  up 
to  25  c.c.  with  chloroform,  gave  a  mean  rotation  of  -f6°57"3'  at  18*5° 
in  a  2-dcm.  tube,  whence  [a]„  +  152-7°. 

0-5524  gram  of  the  liuvo-a-uitrosocyauide  in  a  similar  way  at  19° 
gave  a  mean  rotation  of  -  6°43'5',  whence  [o],>  -  152-2°. 

0-1084  [d-]  gave  14-2  c.c.  nitrogen  at  19-5"  and  760  mm.     N=  1502. 
0-1626  [/]     „     19-6  c.c.  „  16"       „     760  mm.     N=14  98. 

OjjHjgONj  requires  N  —  14*58  per  cent. 

Molecular  weight  determinatious  by  tho  oryoscopic  method  gave  : 
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Weight  of  Weight  of  Molecular 

benzene.  substance.      Depression  A.        weight. 

Lavo-  19-29  00780  0-110  180-1 

,,       19-29  01812  0-235  195-9 

Dextro-     20-68  0  0-466  0  080  138-0 

,,      20-68  0-1096  0-170  152'6 

,,      20-68  01784  0-250  1687 

,,      19-8  0-2204  0-300  181-8 

,,      19-8  0-3318  0-420  195-4 

C,iHj,ON,  requires  192. 

0  0991  gram  in  19-3  grams  of  naphthalene  gave  A  =*  0-1875^  for  the 
dextrorotatory  compound,  whence  M.W.  =  191-G. 

In  their  unimolecular  character,  therefore,  the  d-  and  ^a-nitroso- 
cyanides  resemble  the  limonene  nitrolamines. 

The  benzoyl  derivatives,  0N-Cn,Hj^:N0-C0-0aH:5  : 

The  d-  and  ^a-nit^osocyanide8  readily  yield  benzoyl  derivatives  by 
the  Schotten-Baumann  method  ;  these  crystallise  from  dilute  alcohol 
in  thin  leaves  or  plates  melting  at  lOS*^.  They  are  readily  soluble  in 
chloroform  and  ether,  and  may  also  be  crystallised  from  petroleum. 

0-5092  gram  of  the  J-benzoyl  derivative,  when  dissolved  and  made 
up  to  25  c.c.  with  chloroform,  gave  a  mean  rotation  of  -5^11'  at  IS** 
in  a  2-dcm.  tube,  whence  [a]u  -  127-2~'. 

0*5478  gram  of  the  tZ-benzoyl  derivative,  treated  in  the  same  manner 
at  19°  gave  a  mean  rotation  of  +5*^32-25',  whence  [a]u  +  126-3°. 

0-1496  [d-]  gave  12-4  c.c.  nitrogen  at  205°  and  767  mm.    N  =  9-55. 
0-1728  [/-]    „      14-6  c.c.  „  18°       „     760  mm.    N  =  9-76. 

CjgHjjjO.^Nj  requires  N  =  9*46  per  cent. 

The  methyl  ether,  CN-CjoHj^^lNO'CHj,  of  the  (/-a-nitrosocyanide  is  a 
viscous  oil,  which  is  readily  prepared  by  the  action  of  methyl  iodide 
and  caustic  potash  in  methyl  alcohol,  also  by  the  use  of  silver 
oxide. 

The  ethyl  etfier,  CN'CjqHjjINO'CjHj,  prepared  in  the  same  way,  is 
also  an  oil.  On  passing  dry  hydrogen  chloride  through  a  solution  of 
this  ether  in  methyl  alcohol,  the  characteristic  hydrochloride  is  pre- 
cipitated ;  it  crystallises  from  dilute  alcohol  in  large,  hexagonal  plates 
which  melt  at  44°.  This  compound  was  produced  with  the  object  of  com- 
paring it  with  the  hydrochloride  which  is  formed  by  the  yellow  oil 
obtained  in  the  preparation  of  the  nitrosocyanides,  it  being  possible 
that  ether  formation  takes  place  during  the  separation  of  the  two 
halves  of  the  bimolecular  nitrosochloride.  The  hydrochloride  of  the 
yellow  oil,  however,  melts  at  about  165°  and  does  not  resemble  the 
foregoing  substance. 

The    hydrochloride    of    (^a-nitrosocyanide,   CN'CjQHjg(NOH)Cl,    is 
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readily  obtained  by  adding  the  elements  of  hydrogen  chloride ;  it 
crystallises  from  dilute  alcohol  in  thin,  transparent  plates  which  melt  at 
56°. 

d-  and  \-Limonene  p-Nitrosocyanides,  ^\()^\^'^^^\^     • 

The  preparation  of  these  compounds  has  been  described.  They 
crystallise  in  fine,  woolly  needles  from  chloroform  on  addition  of 
petroleum,  and  in  somewhat  longer  needles  from  dilute  alcohol. 

1  n  order  to  effect  a  complete  separation  of  the  /3-nitrosocyanide  from 
the  a-compound,  the  crude  mixtui-e  is  dissolved  in  a  little  chloroform 
and  light  petroleum  added  ;  the  yS-isomeride,  being  the  less  soluble,  is 
precipitated,  whilst  small  quantities  of  the  a-nitrosocyanide  with  oily 
matter  remain  in  solution.  The  melting  point  gradually  rises  after 
each  precipitation  until  it  reaches  140 — 141°  with  no  perceptible 
decomposition,  but  distinct  softening  takes  place  at  138°.  Recrystal- 
lisation  from  hot  light  petroleum  depresses  the  melting  point,  probably 
owing  to  slight  decomposition.  The  d-  and  Z-)8-nitrosocyanides  are  less 
soluble  in  all  ordinary  solvents  than  the  corresponding  a-nitroso- 
cyanides.  They  resemble  the  latter,  however,  in  their  solubility  in 
dilute  aqueous  alkalis,  being  reprecipitated  on  addition  of  dilute 
mineral  acids ;  if  boiled  with  dilute  acids,  however,  they  yield  hydr- 
oxylamine,  but  not  so  readily  as  the  a-nitrosocyanides. 

Action  of  Aqueous  Alkali. — Although  the  quantity  of  the  ^-isomeride 
is  small,  it  has  been  found  that,  on  treatment  with  25  per  cent,  aqueous 
potassium  hydroxide,  like  the  a-nitrosocyanide,  it  readily  evolves 
ammonia,  and  most  probably  the  corresponding  acid  is  formed.  The 
acid,  however,  has  not  been  isolated,  but  only  the  product  of  its  decom- 
position, namely,  the  oxime  of  dihydrocarvone,  which  melts  at  88*5",  and 
is  identical  with  that  obtained  by  the  hydrolysis  of  the  a-nitroso- 
cyanide. 

The  limonene  /?-nitrosocyanides  are  optically  active,  but  in  the 
opposite  sense  to  the  nitrosochlorides  from  which  they  are  derived. 

0'4672  gram  of  the  (/-/J-nitrosocyanide,  when  dissolved  and  made  up 
to  25  CO.  with  chloroform,  gave  a  mean  rotation  of  -  l°ir  at  19°  in  a 
2-dcm.  tube,  whence  [a],, -31*6°. 

0*4528  gram  of  the  /-/J-uitrosocyanide  in  a  similar  manner  gave  a 
mean  rotation  of  + 1°6-5'  at  19°,  whence  [a]„  +30-6°. 

0-124G  [d-]  gave  lG-1  c.c.  nitrogen  at  19-5°  and  773  mm.  N  =  1507. 
01020  [/-]      „     13-3  c.c.  „  19°       „    7G2  mm.  N  =  15-03. 

OijHijONj  requires  N  =  14*58  per  cent. 

Determinations  of  the  molecular  weight  in  benzene  gave  the  follow- 
ing reeultfl  : 


AND  THEIR   DERIVATIVES.  421 

Weight  of  Weight  of  Molecular 

beuzenc,  sukstauce.  Depression  &.  weight. 

Dextro-    18-94  00979                0-115                220-2 

,,      18-94  0-1911                0-215                229-9 

Ltevo-  20-68  0-0840                0095                209-5 

20-68  0-1542                0-165                2214 

CnHigONj  rec^uires  192. 

The  benzoyl  derivatives,  CN-GjoHj^INO'CO'CaHj,  are  readily  pre- 
pared by  the  Schotten-Baumann  re-iction,  which  crystalUses  from 
dilute  alcohol  ia  beautiful,  long,  silky  needles  melting  at  121°,  and 
yielding  a  somewhat  soft,  coherent  mass  when  crushed.  0-5042 
gram  of  the  (/-benzoyl  dissolved  and  made  up  to  25  c.c.  with  chloro- 
form gave  a  mean  rotation  of  -  4°22'  at  18°  and  in  a  2-dcm.  tube, 
whence  [a]^  -  108-2°. 

0-5324  gram  of  the  M>enzoyl,  in  a  similar  manner,  gave  a  mean 
rotation  of  +4°38'  at  1815°,  whence  [o]i,  -f- 108-7°.  The  sign  of  roU- 
tion  is  the  same  as  that  of  the  corresponding  nitrosocyanides. 

01635  [d-]  gave  14-1  c.c.  nitrogen  at  19°  and  765  mm.     N  =  9-97. 

0-1618  [^-j      „     13-8  c.c.         „  15^     „     743  mm.     N  =  9-76. 

CigHooO.,N.j  requires  N  =  9-46  per  cent. 

IVie  d-  aiul  l-a-Amideti,  ^'lo'^io'^CO'NH   ' 

Twenty  grams  of  the  d-  or  Mimonene  a-nitrosocyanide  were  heated 
on  the  steam-bath  for  about  8  days  in  a  reflux  apparatus  with  25 
grams  of  potassium  hydroxide,  dissolved  in  absolute  alcohol,  when  the 
solution  gave  no  precipitate  on  acidification  with  dilute  hydrochloric 
acid.  During  the  process,  small  quantities  of  ammonia  were  evolved, 
the  liquid  developing  a  brown  colour,  and  on  adding  acetic  acid  the 
solution  }ielded  a  semi-solid  paste  which  soon  became  crystalline. 
The  crude  product,  weighing  17-5  grams,  was  dissolved  in  chloroform 
and  precipitated  with  petroleum,  and  on  repeating  this  operation  several 
times,  the  amide  became  colourless  and  separated  in  tufts  of  slender, 
bulky  needles.  It  crystallises  in  somewhat  larger  needles  on  adding 
petroleum  to  an  ethereal  solution,  and  melts  at  138°  with  slight  de- 
composition. Alcohol  dissolves  it  very  readily,  dilution  precipitating 
it  incompletely ;  it  is  soluble  also  in  dilute  aqueous  alkalis  and  acids. 
It  readily  decolorises  a  solution  of  bromine  in  chloroform  and  unites 
with  halogen  hydrides. 

The  d-  and  ^a-amides  are  optically  active  in  the  same  sense  as  the 
nitrosocyanides  and  nitrosochlorides  from  which  they  are  derived. 

0-5050  gram  of  the    J-a-amide,  dissolved  in  chloroform  and  made 
VOL.   LXXXVII.  G   G 


422  LEACH:   LIMONENE   NITROSOCYANIDES 

up  to  25  c.c,  gave  a  mean  rotation  of    +  7°4'  at  17"^   and   in  a   2-dcm. 
tube,  whence  [aj^  +174'9°. 

0*5242  gram  of  the  ^a-amide,  in  a  similar  manner,  gave  a  mean 
rotation  of    -  7'"17-8'  at  lO"",  whence  [a]u  -  174-0". 

0-1258  [d-]  gave  14-6  c.c.  nitrogen  at  24°  and  766  mm.     N  =  13-13. 
0-1280  [Z-]      „     15-0  c.c.         „  15°    „     744  mm.     N  =  13-43. 

Cj^HjgO^Ng  requires  ]Sr  =  1333  per  cent. 

The  methyl  etJier  is  a  viscous  liquid  resembling  the  methyl  ether 
of  the  a-nitrosocyanide. 

The  benzoyl  derivatives  are  prepared  by  the  Schotten-Baumann 
reaction  and  crystallise  from  dilute  alcohol  in  rhombic  prisms, 
which  melt  sharply  at  152°  without  decomposing.  They  are  optically 
active,  the  introduction  of  the  acyl  group  increasing  the  rotation 
strongly. 

0-4180  gram  of  the  d-benzoyi,  dissolved  in  chloroform  and  made  up 
to  25  c.c,  gave  a  mean  rotation  of  +8"5'  at  19°  and  in  a  2-dcm.  tube, 
whence  [a]i,  + 241-7°. 

0-4176  gram  of  the  Z-benzoyl,  in  a  similar  manner,  gave  a  mean 
rotation  of   -  8°5',  whence  [ajp  -  242  0°. 

0-2210  [d-]  gave  18-2  c.c.  nitrogen  at  24°  and  760  mm.     N  =  9-23. 

0-1667  [^]     „     13-7  c.c.  „  15°    „    745  mm.     N  =  9-42. 

•  CjgHggOgNg  requires  N  =  8-91  per  cent. 

The  hydrochloride  of  the  rf-a-amide  crystallises  from  dilute  alcohol  in 
slender  needles  and  melts  at  100 — 101°  without  decomposing. 


The  d-  and  U-Acids,  CioHi^<JJ^^ 


COoH* 

Twenty  grams  of  the  d-  or  ^a-nitrosocyanide  were  dissolved  in 
150  c.c.  of  25  per  cent,  aqueous  potassium  hydroxide  and  boiled  during 
24  hours  ;  when  the  reaction  had  proceeded  several  hours,  the  liquid 
gave  rise  to  an  oil  which  partly  crystallised  on  allowing  the  contents 
of  the  flask  to  cool.  The  oil  had  a  distinct  odour  of  carraway 
(carvone),  or  probably  of  dihydrocarvono.  The  alkaline  liquid,  cooled 
with  ico  and  carefully  neutralised  with  dilute  hydrochloric  acid,  gave 
9  grams  of  tiie  acid  in  a  crystalline  and  almost  colourless  condition, 
together  with  2*5  grams  of  impure  acid  ;  the  by-products  although 
partly  crystaliino,  have  not  boon  fully  invcstigattd.  The  acid  was 
purified  by  dissolution  in  a  small  (juaiitity  of  alcohol,  the  solution 
cooled  below  0",  and  gradually  diluted  with  water,  which  precipitated 
ii..'-<Mi|.    IciifletH  melting  at  97"  and  evolving  carbon   dioxide,     lie- 
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cry  stall  iisation  was  effected  as  quickly  as  possible,  as  the  acids  decom- 
pose in  solution  and  slowly  evolve  carbon  dioxide. 

01738  [J-]  gave  10-8  c.c.  nitrogen  at  17-5'^  and  751  mm.     N  =  7-ll. 
0-1739  [^]      „     10-5    „         „         „        15°    „    745  mm.     N  =  6-92. 
CuHj^OgN  requires  N  =  6-63  per  cent. 

The  acids  rotate  the  plane  of  polarisation  in  the  same  direction  as 
the  hydrocarbons  from  which  they  arise. 

05636  gram  of  the  d acid,  dissolved  and  made  up  to  25  c.c,  with 
chloroform,  gave  a  mean  rotation  of  +4 '38-3'  at  20^  and  in  a  2-dcm. 
tube,  whence  [ajo  +  102-9°. 

05732  gram  of  the  ^acid  gave  a  mean  rotation  of  - 4°46',  whence 
[tt]u  -103-9'^ 

The  rotations  of  these  acids  are  not  constant  owing  to  the  decom- 
position which  takes  place  so  readily  in  solution.  In  one  case,  in  the 
course  of  45  minutes,  the  rotation  fell  from  +  4°50'  to  4°20'. 

The  ammonium  salts  were  pi-ecipitated  on  passing  ammonia  into 
dried  ethereal  solutions  of  the  acids.  Aqueous  solutions  give  pre- 
cipitates with  soluble  salts  of  the  heavy  uietals,  but  the  compounds  are 
not  characteristic. 

The  s^ilver  salts  prepared  from  aqueous  solutions  of  the  ammonium 
salts  and  tilver  ^nitrate  separate  in  the  form  of  colourless,  bulky 
precipitates.  They  become  brown  on  exposure  to  light.  For  analysis, 
the  substance  was  washed  with  alcohol  followed  by  ether,  and  then 
dried  in  a  vacuum. 

0  3134  [d-]  gave  0-1058  Ag.     Ag  =  33-76. 
01666  [/-]      „     0-0560  Ag.     Ag  =  33-61. 

CijHjgOjNAg  requires  Ag  =  33-93  per  cent. 

The  silver  salts  are  soluble  in  ammonia  ;  the  aqueous  or  ammoniacal 
solutions  i-apidly  blacken  on  heating. 

The  methyl  ester  of  the  rf-acid  was  prepared  from  the  silver  salt  and 
methyl  iodide  diluted  with  methyl  alcohol,  absence  of  diluent  involv- 
ing a  vigorous  action  with  blackening  and  destruction  of  the  substance. 
The  methyl  ester  melts  at  65^  and  softens  at  62°,  being  difficult  to 
obtain  pure  owing  to  admixture  with  other  decomposition  products  of 
the  acid  ;  it  is  soluble  in  dilute  aqueous  alkali. 

01 983  gave  11-6  c.c.  nitrogen  at  19°  and  758  mm.     N  =  6-69. 
^i2^i>.'^3^  requires  N  =  620  per  cent. 

The  readiness  with  which  solutions  of  the  acids  lose  carbon  dioxide 
in  choroform,  ether,  or  alcoholic  solution,  is  remarkable ;  when  dry 
and  pure,  they  can  be  preserved  in  the  desiccator,  but  exposure  to  the 
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air  involves  gradual  decomposition.  The  acids  dissolve  readily  iu 
ammonium  carbonate  or  sodium  hydrogen  carbonate,  but  are  not  soluble 
in  mineral  acids  or  water ;  at  the  melting  point,  a  vigorous  disengage- 
ment of  carbon  dioxide  occurs,  and  ammonia  is  also  liberated  in  small 
quantities.  The  residue  has  a  strong  odour  of  carraway,  and  reduces 
Fehling's  solution.  It  would  therefore  appear  that  besides  loss  of 
carbon  dioxide,  a  partial  elimination  of  the  !NOH  group  takes  place, 
yielding  hydroxylamine  and  the  ketone  dihydrocarvone.  These  facts 
serve  to  account  for  the  variety  of  products  obtained  on  hydrolysing  the 
cyanides. 

In  order  to  ascertain  the  proportion  of  carbon  dioxide  lost  by  the 
a  nitrosoacid,  weighed  quantities  were  heated  to  130°. 

0-5559  gave  0-1129  COg.     CO2  =  20-31. 
0-5335     „     0-1082  COg.     C02  =  20-28. 

CijH^^OgN  requires  COg  =  20-85  per  cent,  for  the  loss  of  1  molecule  of 
carbon  dioxide. 

The  solid  residue  was  associated  with  a  small  proportion  of  dihydro- 
carvone, and  by  crystallisation  from  dilute  alcohol  the  former  was 
obtained  in  long  needles,  melting  at  88-5°,  Wallach  {Annalen,  1894, 
279,  381)  giving  the  melting  point  88 — 89°  for  the  oxime  of  dihydro- 
carvone. The  identity  of  this  substance  was  established  by  treating 
it  with  hydrogen  bromide  in  glacial  acetic  acid ;  on  pouring  the 
solution  into  water,  a  white,  crystalline  hydrobromide  was  obtained 
melting  and  decomposing  at  109 — 110°,  According  to  Wallach,  the 
normal  oxime  gives  a  hydrobromide  melting  at  109°,  whilst  the 
t'aooxime  does  not  yield  a  corresponding  derivative  [Annahn,  1894, 
279,  382). 

0-1898  [d-]  gave  U-5  c.c.  nitrogen  at  24°  and  769     mm.     N  =  8-67. 
0-1547  [^]  ,  „      11-0  c.c.      "„        at  16°    „    7695  mm.     N  =  8-41. 
CioHjyON  requires  N  =  8-38  per  cent. 

The  following  determinations  were  made  of  the  rotatory  powers  of 
the  d-  and  Z-dihydrocarvoximes  : 

0-4738  gram  of  the  (Z-oxime,  dissolved  in  chloroform  and  made  up 
to  25  c.c,  gave  a  mean  rotation  of  -t-0°21-5'  at  20°  and  in  a  2-dcm. 
tube,  whence  [o],,  -1-9-45°. 

04068  gram  of  the  /-oxime  gave  a  mean  rotation  of  -  0°18',  whence 
[tt]„  -9-25° 

Tlie  Jiacernic  Compounda. 

The  roccmic  u-nitrosocyanide  was  prepared  by  mixing  2-5  grams 
each  of  the  d-  and  /-a-nitrosocyanideH,  dissolved  iu  alcohol ;  water  pre- 
cipitiiled   an  oil,   which    soon    crystallised   and    melted  at  81°.     The 
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product  dissolves  less  readily  in  hot  petroleum,  and  crystallises  in 
small,  hard,  ill-defined  prisms.  As  would  be  anticipated  from  the 
melting  point,  the  racemic  compound  is  more  soluble  in  common  media 
than  the  active  compounds.     Its  solution  is  optically  inactive. 

01442  gave  186  c.c.  nitrogen  at  16^  and  7465  mm.     N  =  1 4-75. 
Cj^HjgON2  requires  N=  14'58  per  cent. 

The  benzoyl  derivative  crystallises  from  dilute  alcohol  in  prisms 
which  melt  at  96° ;  it  is  more  soluble  than  its  active  components,  which 
melt  at  108°. 

01532  gave  134  c.c.  nitrogen  at  17°  and  7476  mm.     N  =  9-98. 
CjgHjyOjNj  requires  N  =  9"46  per  cent. 

The  racemic  ft-tiitrosocyanule,  prepared  from  1  gram  each  of  the 
active  compounds  dissolved  in  a  little  alcohol,  crystallises  in  slender 
needles  on  dilution,  and  melts  at  159 — 160°  without  decomposing.  It 
is  less  soluble  than  the  active  compounds  and  is  optically  inactive. 

0-1344  gave  172  c.c.  nitrogen  at  17°  and  7625  mm.     N  =  1489. 
CjjHjgONj  requires  N  =  1458  per  cent. 

The  benzoyl  derivative  crystallises  from  dilute  alcohol  in  long, 
colourless  needles  with  silky  lustre  and   melts  at  98°,  softening  at  96°. 

0-1544  gave  13-0  c.c.  nitrogen  at  18°  and  764  mm.     N  =  9-77. 
C^gHooO-^Nj  requires  N  =  9"46  per  cent. 

The  racemic  a-amide,  prepared  from  solutions  in  chloroform  of  2 
grams  of  each  of  the  d-  and  ^amides,  separates  quickly,  whilst  light 
petroleum  precipitates  it  as  a  fine,  crystalline  powder.  It  crystallises 
from  alcohol  on  addition  of  water  in  prisms  or  prismatic  needles 
melting  at  155°  with  slight  evolution  of  gas. 

The  solution  in  chloroform  was  optically  inactive. 

01402  gave  16-2  c.c.  nitrogen  at  18°  and  764  mm.     N  =  13-43. 
Cj^HjgOjN^  requires  N=  1333  per  cent. 

Tlie  active  compounds  are  extremely  soluble  in  alcohol  and  are  not 
readily  precipitated  by  addition  of  water. 

The  benzoi/l  derivative  crystallises  from  dilute  alcohol  in  hard  prisms 
which  melt  at  150°  without  decomposition.  The  active  compounds 
melt  at  152°. 

0-1747  gave  135  c.c.  nitrogen  at  16°  and  769  mm.     N  =  9-12. 
CjgH.^jOjNg  requires  N  =  8-91  per  cent. 

The  racemic  a-acid  separates  almost  immediately  on  mixing  alcoholic 
solutions  of  3  gx-ams  each  of  the  ti- and  ^a-acids  ;  it  melts  at  116° 
with  vigorous  evolution  of  carbon  dioxide. 
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0-2004  gave  11-8  c.c.  nitrogen  at  18°  and  770  mm.     N  =  6-89. 
Cj^Hj^OgN  requires  N  =  6-63  per  cent. 

The  ammonium  salt  separates  as  a  fine,  crystalline  powder  on  passing 
ammonia  into  the  dried  ethereal  solution  of  the  acid. 

The  silver  salt,  prepared  from  an  aqueous  solution  of  the  ammonium 
salt  and  slight  excess  of  silver  nitrate,  is  precipitated  in  the  amorphous 
condition. 

0-3236  gave  0-1088  Ag.     Ag  =  33-62. 

C^^HigOgNAg  requires  Ag  =  33-93  percent. 

The  racemic  acid  resembles  the  d-  and  ^-acids  in  losing  carbon 
dioxide,  the  racemic  oxime  of  dihydrocarvone  being  formed ;  this 
molts  at  115"  and  crystallises  from  dilute  alcohol  in  prismatic  needles. 
Wallach  {/hmaleu,  1893,  276,  117)  gives  115—116°  for  the  melting 
point  of  this  oxime. 

0-1170  gave  87  c.c.  nitrogen  at  17°  and  763  mm.     N  =  8-66. 
CjqHjh.ON  requires  ^"  =  8-38  per  cent. 

The  Oily  £y-products. 

The  yellow  oil,  which  forms  some  50 — 60  per  cent,  of  the  total 
product  when  the  preparation  of  the  nitrosocyanides  is  conducted  at 
25 — 30°,  constitutes  almost  the  sole  product  at  higher  temperatures ; 
it  decomposes  when  distilled  under  reduced  pressure,  and  is  only  very 
slightly  volatile  in  steam.  Dilute  alkalis  dissolve  it  sparingly,  but  it 
is  insoluble  in  dilute  acids,  which  eliminate  hydroxylamine  on  heating. 
A  solution  of  bi-omine  in  chloroform  is  immediately  decolorised,  from 
which  only  oily  products  could  be  obtained. 

When  heated  with  25  per  cent,  aqueous  potassium  hydroxide,  the 
oil  gradually  dissolves,  much  ammonia  being  liberated,  and  there 
separates  an  oil  which  slowly  deposits  carvoxime,  and  on  removing 
this  with  ether  and  acidifying  the  aqueous  liquid  with  hydrochloric 
acid  a  colourless  specimen  of  the  acid  was  obtained,  identical  with 
that  derived  from  the  a-nitrosocyanide ;  30  grams  of  the  original  oil 
yielded  5-3  grams  of  acid  and  4-2  grams  of  carvoxime. 

Ten  grams  of  the  yellow  oil  were  next  dissolved  in  methyl  alcohol 
and  saturated  with  dry  hydrogen  chloride  ;  on  adding  the  solution  to 
crushed  ico,  a  semi-solid  was  precipitated,  and  on  crystallising  this  from 
dilute  alcohol  a  small  quantity  of  a  compound  which  melts  and  evolves 
gas  at  105"  was  obtaino<l.  It  becomes  (liscoloiu'ed  at  about  161°,  and 
the  crystals  possesH  a  peculiar  stickiness,  which  is  not  removed  by 
reoryRtalli>'ation.  AnalyKis  showed  that  the  substance  contains  ap- 
proximately 10  per  cent,  of  nitrogen  and  16  per  cent,  of  chlorine,  but 
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these  results  do  not  agree  with  the  requirements  of  any  unimolecular 
compound  likely  to  arise  from  the  foregoing  reaction.  Molecular 
weight  determinations  by  the  depression  of  the  freezing  point  of 
benzene  gave  the  following  results : 


Weiglit  of 

Weight  of 

Molecular 

benzene. 

substance. 

Depression  A. 

weight. 

20-0 

0  0792 

0  060 

323-4 

20-0 

0-1670 

0125 

327-3 

The  substance  is  therefore  probably  bimolecular. 

0-5688  gram  of  the  substance,  dissolved  and  made  up  to  25  c.c.  with 
chloroform  gave  a  mean  rotition  of  +9^-526'  at  19^  and  in  a  2-dcm. 
tube,  whence  [a]„  +217^. 

The  coric'^ponding  lievo-compound  haij  not  yet  been  prepared. 

The  investigation  of  these  compounds,  and  of  the  oils  obtained  from 
the  a  and  ft  nitrosochloridos  will  ht-  rcintidnp.l 

1  desire  to  express  my  indebted iiess  tu  i'rofessor  Tildeu  for  the 
valuable  advice  which  I  have  received  from  him  dui'ing  the  progress 
of  this  work. 

uoyal  collegr  of  science,  london, 
South  Kensington,  S.W. 


LIII. — The  Action  of  Acetylene  on  Aqueous  and  Hydro- 
chloric Acid  Solutions  of  Mercuric  Chloride. 

John  Samuel  Strafford  Bramc 

The  recent  publication  of  papers  by  Bilz  and  Mumm  {Ber.,  1905,  37, 
4417)  and  by  Karl  Hofmann  (loc.  cit.,  p.  4459)  on  the  production  of 
trichloromercuriacetaldehyde  makes  it  desirable  that  the  author  should 
record  experiments  on  the  action  of  acetylene  with  mei-curic  chloride 
in  aqueous  solution  and  in  solutions  containing  hydrochloric  acid  on 
which  he  has  be^n  engaged  for  the  last  four  yeai-s. 

Aqueous  Solutions. 

Several  constitutions  have  been  suggested  by  different  observers  for 
the  white  precipitate  obtained  when  acetylene  is  passed  into  aqueous 
solutions  of  mercuric  chloride,  but  Bilz  and  Mumm,  and  also  Hofmann, 
seem  to  have  settled  fairly  conclusively  that  it  is  trichloromercuri- 
acetaldehyde,  C(HgCl)3'CH0,  and  analyses  made  by  the  author  some 
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tlii'ee  or  four  years  ago  are  in  fair  agreement  with  such  a  consti- 
tution. 

Hofmann  regards  the  action  as  proceeding  through  two  stages, 
first  the  formation  of  C2Hg3Cl4  {Ber.,  1899,  32,  810),  and  tlien  the 
hydrolysis  of  this  compound  to  yield  the  foregoing  aldehyde  deriv- 
ative. He  ascribes  the  high  analytical  results  obtained  for  chlorine 
by  himself  and  other  observers  to  small  amounts  of  the  former 
substance  which  remain  undecomposed.  It  does  not  appear  to  have 
been  noted,  however,  that  accompanying  the  trichloromercuriacet- 
aldehyde,  there  are  almost  always  small  amounts  of  another  substance, 
Cl-CH:CH-HgCI,  first  described  by  Biginelli  {Ann.  Farm.  Chim.,  1898, 
16),  to  which  further  reference  is  made,  and  that  the  presence  of 
this  substance  increases  the  percentage  of  chlorine  present  and  lowers 
the  percentage  of  mercury.  This  acetylene-mercuric  chloride  is  easily 
removed  by  two  or  three  extractions  with  alcohol  in  a  reflux  apparatus. 
Even  after  its  complete  removal,  however,  analyses  made  by  the 
author  invariably  gave  too  high  values  for  chlorine,  and  too  low  values 
for  mercury. 

It  must,  indeed,  be  pointed  out  that  whilst  there  is  close  agree- 
ment between  the  analytical  results  for  this  substance  made  by 
different  observers,  there  is  a  considerable  difference  between  these 
results  and  the  values  calculated  for  C(H"gCl)3'CH0,  and  for  the 
purpose  of  comparison  the  details  are  summarised  below,  so  far  as  they 
are  available,  together  with  the  values  calculated  from  various  sug- 
gested formulse.  The  numbers  in  brackets  give  the  number  of  ex- 
periments from  which  the  mean  values  were  obtained. 


I 


Hg 

CI.. 

c. 

H,. 


Analytical  values. 


M 


79'84  (8) 
U-bQ  (2) 


7fl'24  (2) 

14-69 
8-28  (5) 
0-80  (8) 


K 

8008 
14-82 


m 


79-27  (8) 
14-72  (6) 

3-10 

0-28 


79-33 

14-06 

8-17 

0-26 


Calculated  values. 


S  oo 


Ss- 


w 


70-38 

14-08 

4-76 

0-19 


1^ 


80-72 

14-30 

1-61 

0-13 


a 

a 

S   cd 


80-28 

14-23 

3-21 

0-13 


The  values  for  Kutcheroff's  formula  are  really  deduced  from  the 
coDHtitution  ascribed  by  him  to  the  corresponding  allylene  mercury 
compound,   3HgCljj,3HgO,(03H2)2   (./.    liusa.   Chem.    Soc,   1882,    14, 
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326),  but  which  Bilz  and  Mumm  state  to  l»e  trichloromercuriacetone, 
CH3-CO-C(HgCl)3. 

The  agreement  between  the  analytical  results  aud  those  calculated 
for  such  a  constitution  is  really  better  than  for  the  compound 
C(HgCl)3*CH0,  except  that  the  chlorine  is  abnormally  high,  but  one 
would  expect,  if  a  formula  based  on  Kutcheroff's  allylene  compound 
were  correct,  that  acetylene  would  be  liberated  on  heating,  which  is 
not  actually  the  case.  The  formula  indicated  by  Uofmann  and  by  Bilz 
and  Mumm  is,  therefore,  most  likely  correct,  but  the  author  hopes  to 
conduct  further  experiments  in  oi"der  to  ascertain  whether  the  analyti- 
cal methods  are  at  fault  or  whether  the  substance  operated  on  is 
impure. 

Hofmann  (loc.  cit.)  states  that  there  is  no  precipitation  in  the 
presence  of  a  large  excess  of  sodium  chloride,  but  at  lea>>t  with  a 
ratio  of  five  molecules  of  salt  to  one  molecule  of  mercuric  chloride  the 
precipitate  is  slowly  formed. 

HydrocJdoric  Acid  Solutiona. 

A  solution  of  mercuric  chloride  in  dilute  hydrochloric  acid  has  been 
recommended  by  Berge  and  Reychler  {Bvll.  Soc.  diim.,  1897,  17,  218) 
as  a  purifying  agent  for  acetylene,  on  which  they  say  it  has  no  action. 
This  agent  is  certainly  of  considerable  value  as  a  test  for  impurities  in 
that  gas,  and  having  frequently  employed  it  for  that  purpose,  the 
author  observed  after  some  hours  the  formation  of  fine,  needle-shaped 
crystals,  the  gas  washing- bottle  being  still  full  of  acetylene.  On 
referring  to  the  literature  of  the  subject,  it  was  found  that  Biginelli 
(il/m.  Farm.  Chim.,  1898,  16)  had  obtained  a  similar  result,  and 
from  estimations  of  mercury  and  chlorine  only,  ascribed  to  it  the 
formula  CHCKCH'HgCl.  The  author  has  prepared  several  pure 
specimens  and  complete  analyses  are  in  good  agreement  with  this. 

In  addition  to  the  properties  already  described,  it  may  be  mentioned 
that  the  material  produces  intense  irritation  of  the  skin,  especially  on 
the  face,  and  when  dissolved  in  water,  in  which  it  is  slightly  soluble, 
gives  only  a  white  precipitate  with  potassium  iodide,  which  serves  as 
a  valuable  test  for  the  freedom  of  the  product  from  mercuric  chloride. 
This  white  precipitate  soon  undergoes  a  change  to  a  yellow  substance, 
but  all  attempts  to  collect  some  and  purify  it  for  examination  have  so 
far  failed.  When  perfectly  pure,  the  dry  substance  is  not  darkened  by 
ammonia.  On  heating,  acetylene  is  given  off,  this  being  a  point  of 
some  importance  as  supporting  the  constitution  suggested  by 
Biginelli. 
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Action  of  Water  and  Sodium  Hydroxide  on  CHCKCH'HgCl. 

On  boiling  with  water,  a  white  powder  is  produced  to  which  Biginelli 
ascribed  the  formula  CHglCH'HgCl.  The  author  of  this  paper  has 
prepared  several  specimens,  but  the  analytical  results  do  not  agree  in 
the  slightest  with  such  a  constitution. 

The  crystalline  acetylene-mercuric  chloride  was  heated  in  the  water- 
bath  with  fresh  portions  of  water  until  no  turbidity  was  obtained  on 
adding  silver  nitrate,  and  only  a  straw  colour  on  passing  sulphuretted 
hydrogen  through  the  wash  water.  Acetaldehyde  is  always  produced, 
the  solution  becoming  strongly  acid. 

The  following  results  were  obtained,  the  mercury  and  chlorine  being 
determined  at  the  same  time  by  the  lime  method : — 


IJ-  CI. 

■2823  gave  1-0463  Hg  =   81  57  — 

0  7360  AgCl  =     —  14-19 

jj    fO-6864     „     0-5576  Hg  =   81-24  — 

^-  \      „        „     0-4040  AgCl  =     —  1455 

,..    (0-7964     „     0-6416  Hg  -   80-56  — 

•  \      „         „     0-4652  AgCl  =      —  14-44 

fO-9728     „     0-7895  Hg  =   81-15  — 

0-5712  AfiCl  =      —  14-52 


IV. 


a -282^ 

I  5> 


(0-97i 


^    /1-1616     „     0-9469  Hg       =    81-52 

[      „         „     0-6844  AgCl    =      --  14-57 

Combustions. 

C.  H. 

2-2910  gave  0-2344  CO2;  0-0383  HP   =   279  0-18 

2-1526     „     0-1616     „*'     0-0241    „       =   205  0-13 

2-5425     „     0-1868     „      0-0254   „       =   2-00  Oil 

Mean  values  from  above  =  Hg=  81-21;  CI  =  14-45;  C  =  2-28; 
H  =  0-13  percent. 

4HgCI,CjH0  requires  Hg  =  81-40;  01=14-43;  C-2-44;  H  =  0-10 
per  cent. 

Biginelli'B  C^irg-lIgCl  requires  Hg  =  76-21;  Cl  =  13-51;  C  =  914; 
11=  1  14  per  cent. 

There  can  be  little  doubt  but  that  the  substance  is  a  mixture  of 
trichloromercuriacetaldehyde  and  mercurous  chloride  in  almost 
molecular  proportions,  and  its  Ix^haviour  fully  bears  out  this  view.  On 
warming  witli  dilute  liydrocliloric  acid  iu  a  water-bath,  the  substance 
nearly  all  disHolvoa  with  the  production  of  acetaldehyde  and  mercuric 
chloride,  but  a  small  amount  of  mercurous  chloriile  remains,  which  by 


HYDROCHLORIC   ACID   SOLUTIONS  OF   MERCURIC  CHLORIDE.      431 

the  action  of  the  acetaldebyde  soon  becomes  reduced  to  metallic 
mercury. 

The  presence  of  the  mercurous  chloride  in  the  first  place  is  easily 
accounted  for  by  the  action  of  the  acetaldebyde  liberated  on  the 
mercuric  chloride  also  set  free  on  hydrolysis,  and  must  be  regarded  as 
accidental,  the  true  product  being  exactly  the  same  as  is  produced  on 
passing  acetylene  into  aqueous  mercuric  chloride. 

The  crystalline  acetylene-mercuric  chloride  is  soluble  in  alkalis,  and 
on  heating  the  solution  a  greyish-white  precipitate  is  deposited,  which, 
when  examined  under  the  microscope,  generally  shows  globules  of  finely 
divided  mercury,  Biginelli  {loc.  cit.),  from  apparently  one  mercury  estim- 
ation, assumed  that  this  substance  was  a  di-acetylide,  (C.,Hj).„HgO, 

In  order  to  obtain  the  substance  as  free  as  possible  from  metallic 
mercury,  a  large  number  of  experiments  were  made  by  the  author,  and 
ultimately  it  was  found  that  the  best  results  were  obtained  by 
shaking  the  mercuric  compound  in  small  quantities  at  a  time  with 
sodium  hydroxide  solution  and  BItering  through  glass  wool  into  a  large 
volume  of  hot  water.  After  washing  by  decantation  with  hot  water 
until  the  washings  were  fiee  from  chlorine,  the  material  was  dried  on 
porous  plates  and  then  under  diminished  pressure  over  sulphuric  acid, 
finally  being  kept  for  several  weeks  in  a  vacuum  over  phosphoric  oxide. 
The  substance  ultimately  lost  weight  very  slowly,  and  the  drying  is 
therefore  a  lengthy  process.  Heating  is  inadmissible,  for  the  thoroughly 
dried  material  steadily  loses  weight  in  the  water-oven  and  changes  in 
character. 

The  dry  substance  is  bluish-white,  free  from  chlorine,  and  very 
explosive  either  when  heated  or  rubbed  in  a  mortar.  With  the 
exception  of  any  free  mercury,  the  material  is  soluble  in  dilute  hydro- 
chloric acid,  and  this  gives  a  fairly  good  method  of  ascertaining  the 
purity,  samples  which  showed  more  than  a  trace  of  the  latter  being 
rejected. 

Much  trouble  was  experienced  in  making  satisfactory  estimations  of 
the  mercury,  neither  the  action  of  sulphuretted  hydrogen  in  hydro- 
chloric acid  solution  nor  the  direct  decomposition  of  the  substance  by 
ammonium  sulphide  giving  satisfactory  results.  Ultimately,  the 
method  of  Frankland  and  Duppa  (J.  CItem.  Soc.,  1863,  15,  417)  was 
adopted.  The  material  was  carefully  mixed  with  copper  oxide  in  the 
combustion  tube,  the  latter  drawn  out  about  five  inches  from  the  exit 
end,  a  boat  containing  phosphoric  oxide  slipped  in,  and  a  tapped  calcium 
chloride  tube  attached,  the  whole  apparatus  being  exhausted  to  a  few 
millimetres  pressure,  dry  air  was  admitted,  and  the  tube  again  ex- 
hausted daily  for  some  three  weeks.  To  make  quite  sure  that  no 
mercury  vapour  passed  into  the  sulphuric  acid  tube  during  combustion, 
a  few  strips  of  silver  foil  were  inserted  in  the  small  side  tube. 


Hg. 

86-68 

C. 

9-86 

H. 

0-38 

87-25 

9-64 

0-34 

— 

9-83 

0-25 

86-96 

9-77 

0-32 
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The  analytical  data  for  the  three  purest  specimens  are  : — 

1-0570  gave  0-9162  Hg;  03824  CO.^ ;  00360  H2O. 
1-1040  „  0-9694  Hg  ;  0-3904  COg ;  0-0334  lif>. 
1-0609     „         —  ;  0-3826  002^0-0239  H2O. 

Mean 

Biginelli's  (C2H2)2HgO  requires  Hg,  74-63  ;  C,  17-91  ;  H,  1-49  per  cent. 
Travers  and  Plimpton's  SCgHgjHgO  requires  Hg,  86-96  ;  C,  10-43  ; 

H,  0-29  per  cent. 

It  will  be  seen  that  the  compound  gives  results  agreeing  very  closely 
-with  those  required  for  the  acetylide  described  by  Travers  and 
Plimpton  (Trans.,  1894,  65,  264),  except  that  the  carbon  is  unaccount- 
ably low.  Moreover,  the  substance  generally  agrees  in  its  properties 
with  the  other  acetylide,  and  there  is  every  reason  to  believe  that  it  is 
identical  with  this,  although  perhaps  it  is  not  quite  pure. 

Reiser  {Amer.  Chem.  J.,  1893,  15,  535)  describes  an  anhydrous 
acetylide,  HgCg,  but  Travers  and  Plimpton  (loc.  cit.)  were  unable  to 
obtain  the  substance  free  from  water,  and  as  Reiser's  work  seems  to 
be  unconfirmed  the  author  is  at  present  engaged  in  attempting  to 
prepare  an  anhydrous  acetylide. 

Conclusions. 

There  seems  good  reason  for  believing  that  the  first  action  of 
acetylene  on  either  aqueous  or  dilute  acid  solutions  of  mercuric 
chloride  is  the  formation  of  the  compound  Cl*HCIC*HgCl  by  direct 
addition  together  with  acetaldehyde.  This  additive  compound  has 
been  shown  to  undergo  decomposition  with  water,  producing  acet- 
aldehyde, mercuric  chloride,  free  hydrochloric  acid,  and  some  trichloro- 
mercuriacetaldehyde.  The  latter  is  decomposed  by  hydrochloric  acid, 
and  in  the  presence  of  much  acid  is  therefore  not  isolated.  It  remains 
to  be  proved  whether  it  is  an  intermediate  substance  concerned  in  the 
production  of  acetaldehyde,  or  whether  it  is  a  secondary  substance 
derived  from  the  aldehyde. 

It  is  hoped  to  study  the  exact  mechanism  of  the  reaction  further, 
for  it  Hhould  tlirow  considerable  light  on  the  remarkable  iDfluence 
exerted  l)y  mercury  salts  in  bringing  about  the  formation  of  acet- 
ftldehydo  from  acetylene  in  the  presence  of  water. 

RoTAL  Naval  Colleoe, 
Urkrnwior. 
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LIY. — Tlie  Action  of  Carbon  Monoxide   on  Ammonia. 

By  Herbert  Jackson  and  Dudley  Northall-Laubie. 

When  a  mixture  of  dry  carbon  monoxide  and  ammonia  ib  heated 
in  the  presence  of  platinum,  subjected  to  the  silent  electrical  dis- 
charge, to  electric  sparking,  or  treated  with  the  high  frequency 
current,  combination  occurs,  and  ammonium  cyanate  is  formed  as 
the  main  product,  which,  as  the  temperature  rises,  is  rapidly  con- 
verted into  carbamide. 

Kuhlmaun  {Annalen,  1841,  38,  62),  who  passed  carbon  monoxide 
and  ammonia  over  heated  platinum  black  and  obtained  ammonium 
cyanide,  gave  the  reaction  as 

CO  +  2NH5  =  NH^-CN  -h  H^O, 

and  this  equation  has  generally  been  accepted  as  representing  the 
behaviour  of  the  two  gases  when  heated  together. 

We  find  that  the  amount  of  cyanide  formed  is  small,  and  that 
the  main  reaction  is  not  the  one  indicated  above. 

After  various  trials  with  different  forms  of  apparatus,  it  was 
found  that  a  spiral  of  platinum  wire  sealed  inside  a  glass  bulb,  and 
heated  by  the  electric  current,  gave  the  best  results,  and  enabled 
us  to  study  the  reaction  at  different  stages.  The  following  observa- 
tions were  made. 

On  heating  the  spiral,  a  white  cloud  was  immediately  formed, 
which  condensed  on  the  upper  part  of  the  bulb.  As  the  heat  in- 
creased, this  condensation  melted,  and  crystals  appeared  lower  down 
in  the  bulb.  Water  was  formed  as  the  experiment  proceeded,  and 
by  long  continued  action  a  white  solid  was  obtained  on  the  cooler 
parts  of  the  bulb.  After  many  hours,  small  amounts  of  a  brown 
substance  were  also  obtained. 

Analyses  of  the  various  products  gave  the  following  results. 
The  first  white  solid  was  found  to  be  ammonium  cyanate.  The 
crystals  formed  gave  the  reactions  and  the  percentage  numbers  for 
carbamide.  The  white  solid  from  the  cooler  parts  of  the  bulb  was 
found  to  be  ammonium  carbonate,  and  was  proved  to  be  due  to  the 
action  of  water  on  a  portion  of  the  carbamide.  The  brown  solid 
could  not  be  obtained  in  sufficient  quantity  for  complete  analysis, 
but  gave  the  reactions  of  polymerised  cyanogen  compounds.  In  the 
cooler  tubes  leading  from  the  bulb,  more  ammonium  carbonate  was 
found  mixed  with  the  small  amount  of  ammonium  cyanide  formed. 
This  amount  was  always  found  to  be  very  small,  and  bore  no  re- 
lation to  the  amount  of  carbamide  formed,  which  in  one  experiment 
weighed    a    little    over    ten    grams.     Roughly,    this    quantity    of 
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carbamide  required  about  eight,  litres  of  carbon  monoxide,  this  gas 
being  always  in  excess  under  the  conditions  of  the  experiment.  No 
biuret  was  formed,  although  the  temperature  was  high  enough  in 
parts  of  the  bulb  to  allow  of  its  formation.  The  presence  of  free 
ammonia  would  account  for  this,  for  on  passing  this  gas  over  heated 
carbamide  the  latter  remains  unaltered,  although  the  temperature 
may  be  well  above  that  required  for  the  production  of  biuret. 

The  gases  which  passed  from  the  apparatus  were  frequently 
analysed,  and  found  to  consist  of  carbon  monoxide,  hydrogen, 
methane,  and  nitrogen.  Numerical  results  for  these  gases  were 
obtained  in  several  cases,  but  as  the  proportions  of  the  different 
constituents  varied  with  the  conditions  of  the  experiment,  it  is 
not  necessary  to  give  the  results  in  detail,  as  they  would  be  little 
more  than  statistical  and  misleading  without  elaborate  description 
of  all  the  conditions  of  each  experiment. 

Referring  to  the  various  methods  of  bringing  about  the  action 
between  carbon  monoxide  and  ammonia,  it  may  be  generally  stated 
that  the  heated  spiral  of  platinum  wire,  heated  platinised  asbestos, 
and  the  ordinary  spark  from  an  induction  coil  gave  the  best  yields 
of  ammonium  cyanate  and  carbamide,  whilst  the  silent  discharge 
and  high  frequency  current  favoured  the  production  of  complicated 
cyanogen  compounds.  We  intend  to  study  these  effects  more  fully 
in  experiments  on  the  polymerising  effect  of  high  frequency  currents. 

There  are  many  possible  ways  of  representing  the  formation  of 
carbamide  in  the  circumstances  described,  but  so  far  as  we  can  gather 
from  synthetical  and  analytical  results  and  from  the  amounts  of 
hydrogen  formed,  the  simplest  view  appears  to  be  the  formation  of 
ammonium  cyanate,  thus : 

CO  +  2NH8  =  OCN-NH^  +  Hg, 

and  its  subsequent  change  into  carbamide.  The  interaction  of  free 
hydrogen  with  carbon  monoxide  furnishes  the  water  and  the 
methane.  A  careful  study  of  the  reaction  made  by  working  on  a  large 
scale  and  stopping  as  soon  as  the  first  cloud  was  well  formed  showed 
that  the  fir.st  and  immediate  change  was  the  production  of 
ammonium  cyanate  and  hydrogen,  and  that  the  other  substances 
obtained  were  the  result  of  subsequent  reactions,  which  became  the 
more  complicated  the  longer  the  time  during  which  the  action  was 
allowed  to  coutinuc. 

KiNfi'H  COM.EUK, 

I.ONIiON,    W.C. 
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LV. — The  Condensation  oj  Phenyhjlyclnoacetic  Esters 
in   Presence   of  Sodium   Alhyloxides. 

By  Alfred  Theophilus  de  Mouilpied. 

The  reaction  taking  place  between  ethyl  phenylglycine  and  sodium 
alkyloxides  has  been  investigated  by  Vorlander  and  the  author  {Her., 
1901,  33,  2467).  Condensation  resulted,  but  the  products  varied  with 
the  solvent  employed.  In  alcoholic  solution,  the  anhydride  ay-diphenyl- 
diacipiperazine  was  formed,  whilst  in  benzene  solution  an  Lsomeride 
was  obtained  having  very  different  properties.  This  was  found  to  be 
aniliiio-iV-phenylhydroxypyrroline,  analogous  to  the  compounds  obtained 
by  Riigheimer  with  the  esters  of  hipjjuric  acid.  This  condensation  to 
ring  compounds  by  the  loss  of  two  molecules  of  alcohol  leil  me,  at  the 
suggestion  of  Professor  Vorlander,  to  examine  the  reaction  taking 
place  between  sodium  alkyloxides  and  a  number  of  substituted  alkyl 
phenylglycinoacetates,  both  when  alone  and  in  presence  of  a  thir<i 
substance  such  as  benzaldehyde  or  ethyl  oxalate. 

Tins  investigation  seemed  to  be  of  interest,  because  the  use  of  sodium 
ethoxide  in  the  synthesis  of  ring  compounds  by  a  reaction  aual(^ous  to 
the  formation  of  ethyl  acetoacetate  has  been  comparatively  limited.  The 
condensations  undergone  by  succinic  and  malonic  estei"S  are  well 
known  and  ring  formations  of  this  type  have  also  been  studied  by 
W.  Wislicenus  {Annalen,  1888,  246,  252)  and  by  Auwers  {Ber.,  1893, 
26,  364).  We  owe  to  W.  Dieckmann,  who  lias  applied  it  with  great 
success  to  the  higher  members  of  the  group  of  the  fatty  dibasic  acids, 
the  most  important  recent  development  of  the  method  {Ber.,  1904,  27, 
965;  Annalen,  1901,  27,  317).  He  found  that  the  formation  of 
i)enta-  and  hexa-methylene  deriyatives  took  place  easily,  that,  the 
formation  of  seven-membered  rings  was  far  more  difficult  and  that  it 
was  impossible  to  obtain  rings  containing  less  than  five  or  more  than 
seven  members,  results  which  are  in  accord  with  von  Baeyer's  "  strain 
theory."  The  method  is  extended  in  this  work  to  the  estei-s  of  dibasic 
acids  containing  a  nitrogen  atom  linked  to  a  phenyl  group  in  the  place 
of  a  methylene  group. 

The  objects  in  view  were  : 

1.  To  study  the  intluence  of  the  nitrogen  atom. 

2.  To  see  whether  the  unsaturated  condition  of  the  nitrogen  had  a 
further  effect. 

Ethyl    phenylglycinoacetate    may   thus    be    compared    with     ethyl 

glutarate,  C^H^-N(CH./CO.,-CoH-).,  with  CH.,(CH.,-CO./C.,H5)2,  and  the 
nitrogen   in   the   former   may   be  regarded  as   unsaturated.     In  this 
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particular  case,  experiments  showed  that  condensation  could  not  be 
induced  and  that  saponification  alone  takes  place. 

On  the  other  hand,  ethyl  phenylglycinopropionate,  which  is 
described  later,  condensed  in  presence  of  sodium  ethoxide  to  a 
phenylhydroxypyrroline  derivative,  behaving  in  the  same  manner  as 
ethyl  adipate.  Up  to  this  point,  therefore,  the  nitrogen  has  no  special 
influence  beyond  the  fact  that  the  yields  are  somewhat  inferior  to 
those  obtained  by  Dieckmann. 

The  reaction  next  investigated  was  that  found  to  take  place  between 
ethyl  phenylglycinoacetate  and  benzaldehyde  in  benzene  solution  and 
in  the  presence  of  the  theoretical  amount  of  sodium  ethoxide.  The 
product  which  has  the  formula  C^gH^gO^N  and  the  following    con- 

stitution,     CO\pTT  .-w-pv^^^CH'COg'CgHg,  is  a  lactone,  yielding  the 

corresponding  acid  on  saponification.  Ethyl  o-tolylglycinoacetate 
behaved  similarly. 

The  most  interesting  results  were  obtained  in  consequence  of  the 
condensations  brought  about  by  sodium  alkyloxides  between  various 
esters  of  phenylglycinoacetic  acid  and  oxalic  acid. 

Ethyl  phenylglycinoacetate  (1  moL),  ethyl  oxalate  (1  mol.),  and 
sodium  ethoxide  (2  mols.),  when  heated,  interact  energetically  and 
completely,  and,  on  acidifying  the  sodium  salt  obtained,  a  well-defined 
crystalline  product  separated  which  melted  at  137°. 

It  was  thought  at  first  that  this  compound  was  a  pentamethylene 
derivative  obtained  in  the  following  manner  : 


C  H  N<^^'(^^2Et)  H  EtO  OC  ^-j^  .^^ /CH(CO,Et)-CO 

^    *        CH-(C02Et);H  EtOOC  "^    ^         CH(CO.Et)-CO 

Analysis  led  to  the  formula  C^gHji^O^N,  which  accords  with  this 
supposition,  but  the  properties  of  this  substance  were  found  to  differ 
greatly  from  those  of  the  compound  obtained  by  Dieckmann  on  con- 
densing ethyl  glutarate  and  oxalate  in  presence  of  sodium  ethoxide. 
It  was  expected  that  on  saponification  with  dilute  acids  a  ketonic 
hydrolysis  would  take  place,  yielding  a  new  type  of  ortho-diketonic 
tive-membered  ring  with  the  group  N'O^H^  replacing  one  of  the 
methylenes  of  the  pentamethylene  nucleus.  But  saponification  could 
not  be  brought  about,  either  by  acids  or  alkalis,  whether  on  heating 
or  after  prolonged  digestion  at  the  ordinary  temperature.  This  seemed 
to  preclude  the  presence  of  carboxyl  groups  in  the  manner  suggested 
and  also  the  foregoing  formation. 

No  action  took  place  between  the  compound  and  hydroxylamino  or 
phenylhydrazino  ;  in  fact,  it  crystallised  unchanged  from  the  latter. 
Further,  it  in  iiisoluijle  in  aqueous  sodium  carbonate  in  the  cold,  but 
diiMiolves  in  sodium  hydroxide   with   the  formation  of  a  yellow  salt. 
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The  alcoholic  solution  gives  a  reddish-blue  coloration  with  ferric 
chloride,  and  the  compound  is  precipitated  from  an  ethereal  solution  by 
means  of  dry  ammonia.  Finally,  it  reacts  with  phenylcarbimide. 
These  properties  indicate  the  ennlic  cliaracter  of  the  substance,  and  the 
existence  of  a  yellow  sodium  salt  suggested  the  possibility  of  a 
quinonoid  structure  arising  in  the  following  way  : 

CH  ;H  -ro  Kf         (VMM 


C«H,.N<^H, CO  OEt  __^    ^.^^v  o-uc -.  v>,Et 

"    '         C-(C02Et):C{0H)  -COjEt  '    NPh-C-C(),Et 

C(OH)-0-C-COjEt 


^NPh C-COjEt 


This  formula  explains  several  of  the  properties  of  this  new  sub- 
stance, but  does  not  account  for  the  fact  that  it  does  not  undergo 
saponification.  A  substance  of  this  type  described  by  Guthzeit  and 
Dressel  (Ber.,  1893,  26,  2795)  was  readily  saponified. 

Ethyl  phenylglyciuoacetate  still  possesses  some  basic  properties  and 
dissolves  in  hydrochloric  acid,  but  this  compound  is  insoluble. 

The  manner  in  which  the  molecules  of  alcohol  are  split  off  was  next 

investigated.     If  both  the  -OR  groups  come  from  the  ethyl  oxalate, 

they    do  in  the  Dieckmann  condensations,   then  it  is   immaterial 

wliether  methyl  or  ethyl  oxalate  be  used  ;  the  product  would   be  the 

same  in  both  cases  : 


(-HN<r^^'^^^^^*>"   +   ^^^9  -->  /CH(CO,Et).(^0 

^    ^      X'H-(COoEt)iH        ROOC  «    '    ^CH(^CO,Et)-CX) 

But  on  condensing  ethyl  phenylglyciuoacetate  with  methyl  oxalate 
in  presence  of  sodium  ethoxide,  a  substance  was  obtained  melting  at 
146—147° 

The  third  factor  was  then  altered,  and  it  was  found  that  the  final 
result  depended  on  whether  sodium  methoxide  or  ethoxide  were  used. 
JNlethyl  phenylglyciuoacetate  was  then  prepared,  and  all  the  possible 
condensations  were  carried  out  with  the  following  results  : 
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The  influence  of  the  introduction  of  methyl  groups  on  the  melting 
point  is  clearly  shown,  and  it  is  of  interest  to  note  that  the  first  con- 
densation takes  place  far  more  readily  than  the  last.  The  methyl 
group  exerts  its  maximum  effect  when  introduced  as  methoxide. 
Some  of  these  products  are  identical ;  using  the  same  alkyloxide,  it  is 
immaterial  whether  methyl  phenylglycinoacetate  and  methyl  oxalate 
or  ethyl  phenylglycinoacetate  and  methyl  oxalate  are  employed  ;  the 
esters  are  interchangeable. 

In  the  other  cases,  we  are  probably  dealing  with  structural  iso- 
merides,  and  it  is  hoped  that  further  work  will  establish  their 
constitution. 

The  compound  having  the  formula  C^gHj^^OjjN  and  melting  at  137° 
has  been  more  specially  investigated.  A  completely  satisfactory  con- 
stitutional formula  has  not  been  established,  but  the  results  obtained 
show  that  these  con(?ensations  give  rise  to  compounds  differing  very 
much  from  those  obtained  by  Dieckmann,  and  that  this  difference 
must  be  due  to  the  fact  that,  in  the  compounds  used  by  the  author,  a 
nitrogen  atom  linked  to  a  phenyl  group  takes  the  place  of  a  methylene 
group. 

Experimental. 
Preparation  of  Phenylglycine. 

Several  methods  of  preparation  have  been  described,  but  the  yields 
are  not  very  satisfactory.  Michelson  and  Lippmann  {Com.j)t.  rend., 
1865,  61,  739),  Schu'tzen  and  Nencki  (Ber.,  1869,  2,  570),  and 
S.hwebel  {Per.,  1876,  10,  2045)  caused  aniline  and  chloro-  or  bromo- 
acetic  acid  to  interact  in  ethereal  solution.  Hausdorfer  [Ber.,  1890, 
23,  1987),  who  allowed  them  to  react  in  presence  of  crystallised 
sodium  acetate  and  a  little  water,  obtained  a  yield  of  26  —  30  per  cent. 

The  following  method  was  adopted.  A  mixture  of  95  grams  (1  mol.) 
of  chloroacetic  acid,  186  grama  of  auiline  (2  mols.),  and  500  c.c.  of  water 
was  heated  on  the  water-bath  for  1^^  hours,  shaking  frequently,  the 
hot  liquid  was  poured  into  a  disl),  and  the  crystalline  product  collected 
and  washed  with  cold  water  until  free  from  hydrochloric  acid.  The 
yield  varied  between  105  and  120  grams,  that  is,  between  70  and  80  per 
cent.  When  prepared  in  this  way,  the  product  contains  a  small  pro- 
portion of  phouylglycinoacetic  acid,  which  is  no  disadvantage  in  view 
of  the  next  step. 

I 'reparation  qf  Phenylglyctnoacetic  Acid. 

Tliis  BubHiance  was  prepared  by  the  method  given  by  N'orliinder  and 
Mumme  for  o-tolylgly(;inoacotic  acid  {Jkr.,  1903,  36,  1470) :  74  5  grams 
of  chloroacetic  acid  (2  mols.)  and  197  grams  (1^  mols.)  of  soda  crystals 


I 


ESTERS   IN    PRESENCE   <jF   SODIUM    ALKVLoXIDES.  4^39 

are  dissolved  in  200  e.c.  of  water  ;  61  grams  (1  mol.)  of  phenylglycine 
are  then  gradually  added  and  the  mixture  warmed  until  all  has  dis- 
solved. The  whole  is  then  heated  for  2  hours  in  a  boiling  water-bath. 
On  adding  strong  hydrochloric  acid  to  the  liquid,  a  milkiness  appears, 
which  disappears  on  adding  an  excess.  After  some  time,  the  phenyl- 
glycinoacetic  acid  crystallises  out,  and  it  should  be  filtered  off  at  once 
and  washed  at  the  pump  with  cold  water  until  free  from  hvdio'M'irio 
acid.     The  yield  is  60 — 70  per  cent. 

The  proportions  were  varied  at  different  times,  as  also  tlii  jM-nod  ot 
heating,  and  in  one  case  anhydrous  sodium  carbonate  wat.  used,  but 
the  foregoing  quantities  gave  the  best  results. 

The  acid  crystallises  from  ether  in  four-  or  six-sided  plates,  and  from 
hot  water  in  small  pyramids  melting  at  155 — 156^ 

Preparation  of  Eihyl  PhenylglycijwaeetaU. 

Fifty  grams  of  the  acid  were  heated  on  the  water-bath  for  6  hours 
with  quantities  of  absolute  alcohol  varying  from  100  to  500  grams  in 
presence  of  2/)  grams  of  concentrated  sulphuric  acid.  The  intlueoce 
of  the  amount  of  alcohol  used  was  small  provided  that  at  least  four 
times  the  theoretical  amount  was  used ;  the  yield  of  ester  from 
50  grams  of  acid  varied  from  30  to  39  grams. 

The  product  was  poured  into  water,  the  oily  ester  separated  off  and 
dissolved  in  ether,  the  ethereal  solution  washed  with  dilute  aqueous 
sodium  carbonate  and  dried  over  anhydrous  sodium  sulphate.  Aft«r 
evaporating  off  the  ether,  the  ester  was  distilled  under  diminished 
pressure  and  came  over  at  195 — 200°  under  17  mm.  pressure,  the  main 
fraction  boiling  at  197 — 198°.  The  ester  is  a  heavy,  colourless  oil, 
the  alcoholic  solution  of  which  gives  no  coloration  with  ferric  chloride. 

0 -2879  gave  06640  CO,  and  01880  H3O.     C  =  6304 ;  H - 7-25. 
Ci^HigO^N  requires  0  =  6339  ;'h  =  717  per  cent. 

In  this  distillation,  a  fraction  boiling  some  30 — 40°  higher  than  the 
normal  ester  was  always  obtained.  This  less  volatile  substance  dis- 
solved in  sodium  carbonate  with  effervescence  and  was  titrated  against 
standard  baryta  solution.  0'8528  gram  dissolved  in  absolute  alcohol 
required  50  c.c.  baryta  [1  c.c.  =0  00605  Ba(0H).2],  giving  a  molecular 
weight  of  241,  the  molecular  weight  of  the  acid  ester  being  237.  This 
non-volatile  fraction  thus  consists  of  the  acid  ester  of  phenylglycino- 
acetic  acid,  C02H-CH2-NPh-CH./COjEt  (see  p.  441). 

Methyl  phenylglycinoacetate  was  pi-epared  in  a  similar  manner ;  it 
is  an  almost  colourless  oil  which  distils  over  at  210 — 211°  under 
18  mm.  pressure;  50  grams  of  the  acid  gave  50  grams  of  the  ester, 
the  yield  being  52  per  cent. 

U  U  2 
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Prejxtration  of  o-Tolylglycinoacetic  Acid. 

Tolylglycine  was  first  prepared  in  the  manner  described  for  phenyl- 
glycine,  from  o-toluidine  and  chloroacetic  acid.  The  o-tolylglycinoacetic 
acid  was  prepared  in  the  same  way  as  the  phenyl  compound.  When 
recrystallised,  it  melts  at  154 — 156°  with  slight  decomposition. 

Ethyl  o-tolylglycinoacetate,  C7H-N(CH2'C02C2H.)o,  was  prepared 
in  the  manner  described  for  the  phenyl  ester  ;  it  distils  at  205 — 207° 
under  16  mm.  pressure  as  a  viscid,  colourless  oil,  which  readily  crystal- 
lises in  beautiful  needles  melting  at  59 — 60°.  The  alcoholic  solution 
gives  no  coloration  with  ferric  chloride. 

0-4021  gave  18-0  c.c.  nitrogen  at  15:5°  and  762  mm.     N  =  5-21. 
C15H21O4N  requires  N  =502  per  cent. 

Action  of  sodium  ethoxide  on  ethyl  phenylglycinoacetate.  (a)  In 
benzene  solution  :  1'2  gram  of  sodium  (1  atom)  in  the  form  of  wire  was 
placed  in  dry  benzene  and  rather  more  than  the  theoretical  amount  of 
alcohol  for  conversion  with  ethoxide  added.  When  the  sodium  had  dis- 
appeared, 13'25  grams  (I  mol.)  of  ethyl  phenylglycinoacetate  were  added, 
and  after  standing  12  hours  the  whole  was  heated  for  1}  hours.  Water 
was  then  added,  the  benzene  layer  separated  off,  and  tlie  aqueous  part 
was  acidified  with  hydrochloric  acid ;  nothing  was  precipitated,  nor 
could  anything  be  extracted  with  ether.  Condensation  does  not  take 
place,  and  this  ester  behaves  like  ethyl  glutarate.  The  benzene 
portion  yielded  on  evaporation  a  very  small  amount  of  a  white  substance, 
which,  sparingly  soluble  in  water  and  alkalis,  dissolved  readily  in 
alcohol,  acetone,  or  ether.  Its  alcoholic  solution  gave  a  violet  colora- 
tion with  ferric  chloride.  The  compound  crystallised  from  alcohol  in 
needles  melting  at  170°.  On  warming  the  substance  with  water,  the 
latter  acquired  an  alkaline  reaction,  and  witli  hydrochloric  acid  a 
gummy  product  was  obtained.  On  attempting  to  analyse  the  substance, 
it  was  found  to  leave  an  ash  on  combustion,  and  the  percentage  of 
sodium  was  determined. 

0-2522  gave  00344  NsgSO^.     Na  =  4-42  per  cent. 

This  sodium  salt  of  high  molecular  weight  has  the  exceptional  pro- 
perty of  being  soluble  in  benzene,  but  dissolving  only  with  difficulty 
in  water. 

(6)  In  alcoholic  solution,  the  ester  is  partially  saponified.  After 
heating  for  half  an  hour  on  the  water-bath,  a  sodium  salt  was  pre- 
cipitated, which  was  collected,  dccomito.sed  with  hydruchluric  acid,  and 
extracted  with  ether.  The  product,  which  crystallised  from  hot  water 
and  molted  at  121  — 122",  is  the  acid  ester, 

C(),ll-UIIa-Ni'h-ClI/(JO^Et, 
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already  described  in  the  liquid  form  (see  p.  439).  This  is  proved  by 
the  fact  that  on  further  saponification  with  50  per  cent,  caustic  potash 
it  yielded  phenylglycinoacetic  acid  (m.  p.  155 — 156°).  Similarly  no 
condensation  products  were  obtained  in  the  case  of  ethyl  o-tolylglycino- 
acetate. 

P-Phenylglycinopropionic  Acid  and  ita  Esters. 
Preparation  of  the  Ethyl  Eder,  C^Hj-N(CH./CO.^Et)-CH^-CH2-C02H. 

A  mixture  of  10  grams  of  )3-iodopropionic  acid  (1  mol.)  and  18  grams 
of  ethyl  phenylglycine  (2  mols.)  was  heated  at  90°  in  the  water-bath 
for  2^  hours  ;  the  viscid  oily  product  obtained  was  treated  several 
times  with  aqueous  sodium  carbonate  to  neutralise  the  acid  ester 
formed,  and  the  excess  of  ethyl  phenylglycine  was  extracted  with  ethei*. 
A  slight  excess  of  hydrochloric  acid  was  added,  and  the  liquid  repeatedly 
extracted  with  ether,  owing  to  the  solubility  of  the  ester  in  the  acid. 
After  drying  and  evaporating  off  the  ether,  a  viscid,  faintly  yellow  oil 
was  obtained,  which  did  not  solidify  in  vacuo;  the  yield  was  10 — 12 
grams. 

0-2318  gave  106  c.c.  nitrogen  at  16°  and  766  mm.     N  =  5-38. 
CigHj^O^N  requires  5  58  per  cent. 

0'5628  required  for  neutralisation  15"0  c.c.  baryta  solution. 
[1  c.c.  =  001 25  Ba(0H)2].     Equivalent  found,  250'6. 
CjgHjyO^N  requires  251. 

Preparation  of  the  Isomeric  Ester,  C^H5'N(CH,'CO,H)-CH,*CH2'C02Et. 

Ethyl  yS-iodopropionate  was  first  prejmred  by  heating  together  for 
4  hours,  50  grams  of  the  acid  with  200  grams  of  absolute  alcohol  con- 
taining 1  per  cent,  of  dry  hydrogen  chloride  (Harris,  Ber.,  1896,  29, 
513). 

To  prepare  ethyl  ^-anilinopropionate,  C^H5*NH*CH3*CH2*C0.2Et, 
46  grams  of  ethyl  ^-iodopropionate  (1  mol.)  were  heated  for 
20  minutes  at  80°  with  38  grams  (2  mols.)  of  aniline.  Condensation 
took  place  with  the  separation  of  aniline  hydriodide.  The  mixture 
was  shaken  up  with  water,  and  the  heavy  oily  product  extracted 
with  ether  and  dried  over  potassium  carbonate.  This  oil  distilled  at 
175°  under  18  mm.  pressure,  the  yield  being  30  grams. 

Condensation  of  this  Ester  with  Chloroacetic  Acid. — It  was  found 
advantageous  to  work  with  small  quantities.  Eight  gi-ams  (2  mols.) 
of  ethyl  j8-anilinopropionate  were  heated  in  the  water-bath  with 
2  grams  (1  mol.)  of  chloroacetic  acid  for  3  hours.  When  cold  the 
solid  mass  was  shaken  up  with  aqueous  sodium  carbonate,  and  any 
unchanged  ester  extracted  with  ether.  After  acidifying  with  hydro- 
chloric acid,  the  liquid  was  repeatedly  extracted   with   ether.     The 
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ethereal  solution  yielded  on  evaporation  an  oil  which  solidified  under 
diminished  pressure.  The  ester  crystallises  from  aqueous  methyl 
alcohol  in  rhombic  prisms  melting  at  60 — 61°.  Its  alcoholic  solution 
gives  no  coloration  with  ferric  chloride. 

0-2096  gave  10-1  c.c.  nitrogen  at  16-5°  and  766  mm.     ]Sr=5-65. 
CjgHj^O^N  requires  5*58  per  cent. 

0*1517  required  for  neutralisation  17*4  baryta  solution  of  factor 
0-0374.     Equivalent  found,  238.     C13H17O4N  requires  254. 

P-Phmylglycinopropionic  Acid,  C6H5-N{CH2-C02H)-CH2-CH2-C02H. 
— This  acid  was  obtained  by  the  saponification  of  both  the  acid  esters 
just  described,  a  reaction  which  is  best  brought  about  by  weak  alkali 
at  80°.  The  potassium  salt  was  obtained  in  needles  which  were  de- 
composed by  dilute  hydrochloric  acid,  and  the  solution  was  extracted 
with  ether.  The  solid  obtained  on  evaporation  was  recrystallised  from 
benzene  and  a  little  light  petroleum,  and  separated  out  in  white 
needles  melting  at  137°.  This  acid  decomposes  on  heating,  and  its 
alcoholic  solution  gives  a  reddish-brown  coloration  with  ferric  chloride. 

0-1560  gave  03360  COg  and  0-0888  HgO.     C  =  5894  ;  H  =  6-32. 

CiiHi304N  requires  C  =  5919.     H  =  5-82  per  cent. 

0-0959  required  for  neutralisation  23-2  c.c.  baryta  solution. 

[1  c.c.  =  0-0032  Ba(0H)2].     Equivalent  found,  1105. 

CjiHjgO^N  requires  111-5. 

Ethyl  fi-Phenylglycinopropionate. — The  normal  ester  was  prepared 
from  both  the  acid  esters,  but  it  is  best  obtained  from  the  liquid  ester, 
for  in  the  preparation  of  the  solid  ester  one-half  of  the  ethyl  )8-anilino- 
propionate  used  is  lost.  Twenty-five  grams  of  the  liquid  acid  ester 
were  boiled  for  6  hours  with  250  grams  of  absolute  alcohol  and  25 
grams  of  concentrated  sulphuric  acid.  The  product  was  worked  up  in 
the  usual  way  and  21  grams  of  the  diethyl  ester  obtained.  This 
boils  at  210 — 211°  under  16  mm.  pressure  as  a  oolourless,  viscid  oil. 

0-3192  gave  0-7539  CO2  and  0-2153  H2O.     0  =  6444;  H  =  7-50. 

0-3190     „     14-0  c.c.  nitrogen  at  15-5°  and  765  mm.     N  =  5-16. 

CijHjiO^N  requires  C- 64-51 ;  H  =  7-53  ;  N  =  502  per  cent. 

Action  qf  Sodium  Ethoxide  on  Ethyl  P-Phenylglychiojrropionate. — 
1*2  grams  of  sodium  wire  (1  atom)  were  placed  in  40  c.c.  of  dry 
benzene  and  heated  up  with  rather  more  than  the  theoretical  amount 
of  abnolute  alcohol  until  the  metal  had  disappeared.  To  this  were 
then  added  14  grams  (I  mol.)  of  the  ostor,  and  the  mixture  was  boiled 
for  ^  to  I  of  an  hour  in  a  reflux  apparatus.  As  a  rule,  the  sodium 
salt  which   separated  was  shaken  up  with  water  and    the  benzene 
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separated  fro  11  the  aqueous  layer.  The  adtlition  of  a  small  amount  of 
ether  destroys  the  emulsion  which  tends  to  form.  The  aqueous  part 
is  purified  by  shaking  up  with  ether,  and  the  last  traces  of  the  latter 
are  removed  by  aspiration.  On  pas3ing  carbon  dioxide  through  the 
solution,  a  white  substance  is  precipitated.  If  acetic  acid  is  used,  the 
precipitate  is  cry.stalline.  The  aeidifietl  solution  may  also  be  extracted 
with  ether,  from  which  the  substance  crystallises  in  needles. 

The  following  method  was,  however,  found  to  be  more  satisfactory. 
The  sodium  salt  is  collected  ancl  washed  with  a  little  alcohol  and 
ether  ;  it  is  dissolved  in  water,  the  filtered  solution  being  then  acidified 
with  acetic  acid,  when  the  white  substance  separates  in  a  fairly  pure 
condition.  This  compound  crystallises  from  aqueous  alcohol  in  small, 
hexagonal  plates  and  from  alcohol  in  nee«lles  ;  it  melts  at  69 — 70°. 

0-2012  gave  04904  CO.^  and  01218  H,0.     C- 66-51  ;  H-6  70. 
0-2338     „     11-1  c.c.  of  nitrogen  at  163^  and  768  mm.     N  =  6-15. 

CjaHijOgN  requires  C  =  66  95  ;  H  =  6  43  ;  N  =  601  per  cent. 
0-1 25G  in  101 699  naphthalene  gave  A<  =  0-223'' ;  M.  W.  =  242. 
CiaHi^OjN  requii-es  M.  W.  =  233. 

The  alcoholic-  solution  gives  a  dark  violet  coloration  with  ferric 
chloride.  The  substance  dissolves  in  warm  aqueous  sodium  carbonate, 
but  the  sodium  salt  separates  on  cooling ;  it  is  soluble  in  hydrochloric 
acid,  but  not  so  i-eadily  in  caustic  alkali.  A  coloured  product  is  not 
obtained  either  by  treatment  with  fuming  sulphuric  acid  or  after  fusion 
with  caustic  potash.  With  phenylhydrazine,  a  light  yellow  product 
is  obtained,  melting,  after  recrystallisation  from  alcohol,  at  160 — 16  P. 

Dieckmann  found  that  ethyl  adipate  condensed  in  pi-esence  of  sodium 
ethoxide  to  ethyl  /?-ketopentamethylenecarboxylate  by  the  loss  of  one 
molecule  of  alcohol.  This  reaction,  if  on  corresponding  lines,  would 
yield  a  substance  having  the  empirical  formula  C^jH^jO^N,  and  both 
the  analysis  and  the  molecular  weight  found  agree  with  this.  The 
colour  reaction  with  ferric  chloride  points  to  an  enolic  form,  as  does 
the  existence  of  salts.  This  copipound  has  thus  in  all  probability  the 
following  constitution  : 

and  is  ethyl  phenylhydroxypyrrolinecarboxylate. 

The  saponification  of  this  ester  is  not  easily  effected  by  alkalis.  The 
ester  was  dissolved  in  alcohol,  an  excess  of  50  percent,  caustic  potash 
added,  and  the  whole  heated  on  the  water- bath.  The  potassium  de- 
rivative separates  out  first,  as  was  shown  by  the  fact  that  on  acidify- 
ing it  yields  the  original  ester  melting  at  68'^.  After  heating  for 
two  hours,  the  solid  disappeared ;  the  filtered  solution  was  acidified 
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with  dilute  sulphuric  acid  and  extracted  12  times  with  ether.  The 
acid  was  obtained  on  evaporation ;  it  crystallised  from  water  and 
melted  at  143—144°. 

0-1116  gave  6-1  c.c.  of  nitrogen  at  16-1°  and  765  mm.     N  =  6-42. 
^11^11^8-^  requires  N  =  6"83  per  cent. 

The  acid  is  soluble  in  cold  aqueous  sodium  carbonate  and  in  acids. 
The  alcoholic  solution  gives  no  coloration  with  ferric  chloride.  When 
the  acid  was  heated  at  170 — 180°  for  15  minutes,  carbon  dioxide 
was  eliminated.  The  oily  product  was  dissolved  in  alcohol  and  warmed 
with  a  little  ferric  chloride,  when  a  greenish-blue  precipitate 
was  formed.  This  was  collected,  washed,  and  dried,  and  treated  with 
pure  concentrated  sulphuric  acid  ;  on  warming,  a  violet  colour  was  pro- 
duced. The  amount  of  substance  obtained  was  so  small  that  further 
investigation  was  not  possible.  This  colour  reaction  is,  however, 
interesting,  because  it  may  be  compared  with  the  behaviour  of  phenyl- 
metliylpyrazolone  (Knorr,  Anyialen,  1887,  238, 172).  On  warming  an 
alcoholic  solution  of  ethyl  ^-phenylglycinopropionate  with  sodium 
ethoxide,  the  ester  is  partially  saponified,  and  the  solid  ester, 
CeH5-N(CH2-C02H)-CH2-CH2-C02Et  (ra.  p.  60—61°),  is  obtained. 

Condensation  of  Ethyl  Phenylglycinoacetate  with  Benzaldehyde. — 
Claisen  {Ber.,  1890,  23,  976)  obtained  ethyl  cinnamate  by  the  action 
of  sodium  on  a  mixture  of  ethyl  acetate  and  benzaldehyde.  Stobbe 
{Ber.,  1894,  27,  2405),  using  ethyl  succinate,  obtained  ethyl  phenyl- 
itaconate.  R.  Fittig  {Aniuihn,  1894,  282,  334)  prepared  benzylidene- 
glutaric  acid  by  acting  on  a  mixtui'e  of  equal  molecules  of  glutaric 
acid  and  benzaldehyde.  In  the  author's  experiments,  26*5  grams  (1 
mol.)  of  ethyl  phenylglycinoacetate  were  dissolved  in  100  grams  of 
anhydrous  benzene  ;  then  2*3  grams  of  sodium  (1  atom)  as  wii*e  were 
introduced  in  the  cold,  and  to  this  were  added  106  grams  (1  mol.)  of 
freshly  distilled  benzaldehyde.  After  some  20  minutes,  the  mixture 
became  brown,  much  heat  was  developed,  and  an  energetic  reaction 
took  place,  which  was  moderated  by  cooling.  After  a  few  hours,  all 
the  sodium  had  disappeared  and  the  mixture  became  very  dark. 
Water  was  now  added  and  the  benzene  separated  from  the  a(juoous 
layer.  The  benzene  portion  was  shaken  with  water  until  the 
aqueous  extract  no  longer  gave  a  precipitate  with  liydrochloric  acid. 
The  aqueous  part  is  then  cleared  by  shaking  with  a  little  ether, 
and  finally  purififul  by  aspiration.  On  passing  a  stream  of  carbon 
dioxide  through  the  solution,  a  light  yellow  substance  was  precipitated, 
and  of  this  12  granis  were  obtained.  A  second  precipitate  was  pro- 
duced on  adding  hydrochloric  acid  to  the  filtrate,  which  proved  to  be 
identical  with  the  first.  The  total  crude  product,  whitOi  weighed  29 
grams,  tended  to  decompose,  and  ufter  two  or  three  days  it  became 
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pasty  and  a  gas  was  evolved.  The  substance  is  soluble  in  alcohol, 
benzene,  and  chloroform,  but  does  not  crystallise  very  readily  from 
any  of  these  solvents  ;  the  alcoholic  solutions  yield  prismatic  plates, 
and  aqueous  alcohol  gives  needles  melting  at  137 — 138°. 

This  substance,  wlien  pure,  is  light  yellow  ;  it  dissolves  with  diffi- 
culty in  cold  aqueous  sodium  carbonate,  but  readily  on  warming,  and 
it  is  reprecipitated  unchanged  oii  the  addition  of  acid.  After  heating 
with  water,  the  solution  acquires  an  acid  reaction,  indicating  the 
possibility  of  the  substance  being  a  lactone.  The  alcoholic  solution 
gives  a  brownish-red  coloration  with  ferric  chloride.  No  coloured 
product  was  obtained  by  fusion  with  caustic  potash  and  subsequent 
treatment  with  water,  hydrochloric  acid,  and  ferric  chloride.  When 
heated  up  to  160°,  the  substance  loses  {•!«»•'»'»>  .i;..vi.le.  anil  a  <lMik 
brown,  viscous  liquid  remains  behind. 

0-2584  gave  06633  CO.,  and  01404  H,0.     0-70-02  ;  H  =  603. 
0-2213     „     0-5720  CO.'    „    01167  h]o.     C  =  70-47  ;  H  =  6-86. 
0-1780     „     6-8  c.c.  nitrogen  at  12^  and  757  mm.     N  =  4-5l. 
Ci^Hi^O^N  requires  C  =  70-15;  H  =  5-85  ;  N-4-31  per  cent. 

The  properties  of  this  substance  are  those  of  a  lactone  and  its  con- 
stitution is  probably  that  shown  on  p.  436.  The  silver  salt  was 
obtained  as  a  bulky,  yellow  precipitate  which  was  collected  and  succes- 
sively washed  with  water,  alcohol,  and  ether,  and  dried  in  an  exhausted 
desiccator.  This  salt  was  prepared  several  times,  but  it  always  con- 
tained too  much  silver,  owing  possibly  to  some  reduction  having  taken 
place. 

0  1697  gave  0-0459  Ag.     Ag-2710. 
01968     „     0-0530  Ag.     Ag  =  26-96. 
CioHooO^NAg   and   Ci^HigO^NAg  require  Ag-24   and   Ag»25   per 

cent,  respectively. 

The  calcium  salt,  obtained  by  heating  an  ammoniacal  solution  of 
the  substance  with  a  20  per  cent,  solution  of  calcium  chloride,  has  a 
yellow  colour. 

0-1912  gave  00162  CaO.     Ca  =  84. 

(CjyHjgO^N)2Ca  requires  Ca  =  8-14  per  cent. 

A  weighed  amount  of  the  pure  substance  was  dissolved  in  chloro- 
form and  a  solution  containing  2-91  grams  of  bi'omine  in  100  grams 
of  this  solvent  added  until  the  colour,  which  disappeared  rapidly  at 
tirst,  became  permanent.  The  amount  added  corresponded  with 
3  molecules  of  bromine,  and  hydrogen  bi-omide  was  evolved.  A  white 
substance  crystallised  in  needles  (m.  p.  175°).  The  filtrate  left  a 
very  slight  residue  on  evaporation. 
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0-1110  gave  0-1152  AgBr.     Br  =  44-15. 

CjgH^^OgNBrg  requires  Br  =  44-11  per  cent. 

No  insoluble  product  was  obtained  by  shaking  up  an  alkaline  solu- 
tion of  the  substance  with  benzoyl  chloride.  The  compound  was 
saponified  by  dissolving  in  alcohol  and  adding  from  2  to  2^  times  the 
theoretical  amount  of  50  per  cent,  caustic  potash.  After  the  solution 
had  been  left  for  a  week,  the  potassium  salt,  which  had  separated  in 
yellow  needles,  was  collected  and  dissolved  in  water.  Carbon  dioxide 
was  passed  through  the  solution  and  acetic  acid  then  added,  but  in 
neither  case  was  a  precipitate  obtained,  although  the  original  substance 
is  easily  thrown  down  by  both  these  reagents.  However,  on  adding 
hydrochloric  acid,  a  straw-coloired  substance  was  deposited. 

This  acid  is  soluble  in  hot  water,  separating  again  on  cooling ;  it  is 
not  easily  recrystallised,  but  separates  best  from  aqueous  methyl 
alcohol.  Boiling  should  be  avoided  as  decomposition  sets  in  ;  the  acid 
melts  and  decomposes  at  91 — 93°. 

0-1239  gave  03102  CO.,  and  0-0584  H^O.     C  =  68-26  ;  H  =  5-23. 
0-1225     „     0-3073  CO2    „    00584  H2O.     C - 68-44 ;  H  =  5-34. 

Ci;Hi504N  requires  C  =  68-68  ;  H  =  5-05  per  cent. 

0-1226  required  11-0  c.c.  baryta  solution  [1  c.c.  =  0-0032  Ba(OHy. 

Found  M.  W.  =  298.     Ci^Hj^O^N  requires  M.  W.  =  297. 

The  acid  is  therefore  monobasic  and  has  the  constitution 

C0<^H%Ph>^^'^^2H. 

Ethyl  o-tolylglycinoacetate  behaves  similarly  and  yields  an  acid 
which  crystallises  from  alcohol  and  melts  at  165°. 

Action  of  Ammonia  on  Ethyl  Phenylglycinoacetate. — On  adding  an 
excess  of  concentrated  ammonia  solution  (0-88)  to  an  alcoholic  solution 
of  this  ester,  there  separated  after  some  time  a  white  substance  which 
melted  at  238°  and  was  insoluble  in  cold  water,  but  readily  soluble 
in  acids.     Ammonia  is  evolved  on  heating  with  caustic  soda, 

0-1852  gave  32-3  c.c.  nitrogen  at  14°  and  7445  mm.     N  =  20-10. 
The  diamide,  C„lLN(GH^'CO-NH,)o,  requires  N  =  20-28  per  cent. 

Ethyl  o-tolylglyciuoacetate  treated  in  the  same  way  is  at  first 
deposited  unchanged  (m.  p.  60°).  When  left  for  several  days  in 
contact  with  its  mother  liquor,  the  ester  disappears,  and  on  evapora- 
tion a  white  substance  crystallises  out  in  needles  (m.  p.  160 — 161°). 
This  was  found  to  have  the  same  properties  as  the  phenyl  derivative. 

0-1840  gave  29-0  c.c.  nitrogen  at  14°  and  764-5  ram.     N  =  18-66. 
The  diamido,  C7H/N(CHj'CO-Nll,,)2,  reijuires  N  =  19-0  per  cent. 
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Condensation  of  Phenylglycinoacetic  Estera  with  Oxalic  Ettera  in 
Presence  of  Alkylojcides. 

Oue  molecular  proportion  of  sodium  in  the  form  of  wire  was  heated 
in  a  reflux  apparatus  with  slightly  more  than  the  theoretical  amount 
of  absolute  alcohol  required  to  convert  it  into  the  ethoxide.  A 
mixture  of  one  molecule  of  each  ester  was  gradually  poured  do>^'n  the 
condenser,  the  liquid  being  gently  heated.  After  an  interval  of  from 
5 — 20  minutes,  depending  on  the  ester  Uhed,  an  energetic  reaction  took 
place  and  the  pasty  mass  became  solid  and  waii  then  heated  on  the  water- 
bath  fur  an  hour.  When  cold,  the  solid  mas8  was  dissolved  in  water, 
a  considerable  amount  of  solvent  being  required  owing  to  Ha  in^olu- 
bility.  Any  unchanged  ester  was  extracted  by  shaking  up  with  a 
little  ether.  On  gradually  adding  dilute  hydrochloric  acid,  the  sodium 
salt  was  decomposed  and  the  condensation  product  precipitated  in  the 
crude  state.  All  the  following  substances  are  conveniently  recrystal- 
lised  from  alcohol. 

The  Condensation  of  Ethyl  PhenylglycinoacetaU,  Ethyl  OxaltUe,  and 
Sodium  Etho.cide. — This  condensation  was  carried  out  many  times  with 
varying  proportions  and  the  product  obtained  was  always  the  same,  but 
only  with  the  following  proportions  was  the  reaction  complete:  2*3  grams 
of  sodium  (1  mol.)  were  heated  with  rather  more  than  46  grams  (1  mol.) 
of  absolute  alcohol.  To  this  was  added  a  mixture  of  13*25  grams 
(1  mol.)  of  ethyl  phenylglycinoacetate  and  7*3  grams  (I  mol.)  of  ethyl 
oxalate.  On  treating  the  product  in  the  manner  describe'!,  13 — 15 
grams  of  substance  were  obtained,  corresponding  with  an  80  per  cent, 
yield.  This  substance  recrystallises  from  alcohol  in  long,  silky  needles 
which  are  quite  white  alter  two  crystallisations;  it  is  very  soluble  in 
chloruform,  but  less  readily  so  in  glacial  acetic  acid,  from  which  solvent 
it  crystallises  very  well.  The  solubility  in  ether  is  slight,  and  from 
this  solution  are  obtained  small,  brilliant  crystals  (m.  p.  137^).  The 
compound  is  insoluble  in  water  or  in  sodium  carbonate  solution ; 
cold  aqueous  caustic  soda  dissolves  it,  forming  a  yellow  solution  ; 
it  is  insoluble  in  concentrated  hydrochloric  acid,  but  dissolves 
readily  in  concentrated  sulphuric  acid.  An  alcoholic  solution  of  ferric 
chloride  develops  a  dai'k  greenish-blue  coloration  ;  silver  nitrate  is  re- 
duced at  once  in  the  cold.  The  barium  salt  is  yellow,  the  copper  salt 
greenish -blue,  and  the  lead  salt  white. 

An  alcoholic  solution  was  heated  with  phenylhydrazine  dissolved  in 
glacial  acetic  acid  ;  in  another  experiment,  the  two  compounds  were 
heated  directly  together  tor  varying  times.  In  no  case  did  condensa- 
tion lake  place,  tiie  substance  crystallising  out  unchanged.  Negative 
results  were  also  obtained  with  hydroxylamine  and  with  the  Schotten- 
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Baumann  reaction.  The  substance  was  distilled  under  the  ordinary 
pressure  ;  it  melted  and  almost  at  once  emitted  fumes  which  solidified 
in  the  receiver  and  in  the  side  tube  of  the  flask.  This  solid,  when 
crystallised  from  alcohol,  melted  at  137°,  and  therefore  consisted  of  the 
unaltered  substance. 

0-2585  gave  0-5734  CO^  and  0-1240  R>0.     0  =  6049  ;  H  =  5-33. 
0-2195     „     0-4823  CO2    „    0-1078  H^O.     C-59-97 ;  H  =  5-45. 
0-1269     „     5-0  c.c.  nitrogen  at  14-5°  and  753  mm. ;  N  =  4-58. 
Cic^iA^  requires  0  =  60-19;  H  =  5-33  ;  and  N  =  4-38  per  cent. 

This  empirical  formula  gives  a  molecular  weight  319.  The  substance 
must  contain  at  least  one  atom  of  nitrogen,  and  the  percentage  of 
nitrogen  found  leads  to  a  molecular  weight  of  306. 

The  substance  was  dissolved  in  100  c.c.  of  alcohol  and  titrated 
against  baryta  [1  c.c.  =  00065  Ba(0H)2]. 

0-2030  gram  of  the  substance  required  17*0  c.c.  for  neutralisation, 
deducting  1  c.c.  required  by  the  alcohol.     Equivalent  weight  =  157-5. 

This  result  shows  the  acid  to  contain  two  hydroxyl  groups  and  to 
have  M.  W.  =  315.  C^eHivOgN  requires  M.  W.  =  319  ;  0-1158  dissolved 
in  18-83  benzene  gave  A<  =  0-098°  M.  W.  =  307*4. 

The  number  of  alkoxyl  groups  present  in  the  molecule  was  deter- 
mined by  Zeisel's  method.  The  substance  used  was  that  which  was 
obtained  from  ethyl  phenyglycinoacetate,  methyl  oxalate,  and  sodium 
methoxide,  melting  at  188°. 

0-1909  gave  0-301  Agl.     OMe  =  208. 

Cj^HjgOgN  requires  OMe  =  21 -3  for  two  methoxyl  groups. 

No  reaction  takes  place  with  phenylcarbimide  in  the  cold  but,  on 
warming  gently,  a  solution  was  obtained  wliich  remained  clear  for 
some  time  and  slowly  deposited  white  crystals  on  cooling.  The  precipi- 
tate was  collected  and  recrystalliped  from  aqueous  alcohol  (m.  p.  169"). 
This  substance  possesses  very  different  properties  from  the  original. 
Ferric  chloride  no  longer  gives  a  coloration,  and  no  yellow  coloration 
is  obtained  with  caustic  soda  in  the  cold  ;  this  only  appears  on  boiling, 
when  decomposition  takes  place  and  the  odour  of  carbimide  is  observed. 
Silver  nitrate  is  no  longer  reduced  in  the  cold. 

0-213  gave  12-1  c.c.  nitrogen  at  16°  and  754  mm.  N  =  6-57. 
CjjHj^OyNj  requires  N  =  6-39  per  cent. 

This  result  corresponds  with  the  addition  of  1  molecule  of  phenyl- 
carbimide, and  cstabliHhcH  the  presence  of  at  least  ono  hydroxyl 
groui>. 

The  presence  of  hydroxyl  groups  is  further  shown  by  the  fact  that 
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if  a  solution  of  the  substance  is  treated  with  a  current  of  dry 
ammonia  it  is  thrown  out  unchanged. 

Some  of  the  substance,  dissolved  in  chloroform,  was  treated  with 
a  solution  of  bromine  in  the  same  solvent.  The  colour  of  the  bromine 
disappeared  rapidly  at  first,  fumes  of  hydrogen  bromide  being  abun- 
dantly evolved.  The  white,  crystalline  powder,  which  separated  out 
slowly,  was  recrystalJiseil  from  aqueous  alcohol,  and  thus  obtained  in 
transparent  needles  melting  at  119 — 120*^.  This  substance,  which  was 
insoluble  in  caustic  soda  and  gave  no  coloration  with  ferric  chloride, 
was  identified  on  analysis  as  ti'ibromoaniline  (m.  p.  119°). 

It  was  thought  at  the  outset  that  the  saponification  of  this  sub- 
stance would  be  readily  brought  about,  but  it  was  never  accomplished. 

The  substance  was  left  for  several  days  in  contact  with  aqueous 
and  alcoholic  caustic  potash.  At  other  times,  the  mixture  was  heated 
for  3  hours.  In  every  case,  the  potassium  salt  obtained  yielded  the 
original  substance  on  acidifying.  Acids  were  then  tried,  065  gram 
of  the  com}X)und  being  heated  for  3  hours  with  ISc.c.  of  coucentratetl 
hydrochloric  acid.  After  cooling,  the  solid  matter  was  collected  and 
found  to  consist  of  the  unaltered  substance.  The  filtrate,  on  extrac- 
tion with  ether,  yielded  only  a  little  tarry  matter. 

The  analogous  substances  enumerated  on  p.  437  were  prepared  in 
the  same  manner  and  showed  no  difference  in  properties.  Analyses 
of  some  of  these  are  now  given,  and  it  will  be  seen  that  they  are 
derived  from  the  substance  CjgHj^OgN  by  the  replacement  of  one  or 
more  ethyl  groups  by  methyl.  Ethyl  phenylglycinoacetate 
( 13*25  grams),  when  condensed  with  1  molecule  of  methyl  oxalate  in 
presence  of  sodium  methoxide,  yielded  a  substance  which,  after  re- 
crystallisation,  melted  at  188", 

0-2006  gave  04225  CO.  and  0-0866  H^O.     C  =  57-44  ;  H  =  4-79. 
0-2249     „     0-4768  CO."    „    0  0919  h!!o.     C- 57*81  ;  H  =  4-54. 
0-1944     „     8-4  c.c.  nitrogen  at  14"  and  740  mm.     N  =  4-94. 
Cj^HiaOgN  requires  C  =  57-73;  H  =  4-47  ;  N  =  4-81  per  cent. 

This  result  corresponds  with  the  replacement  of  two  ethyl  by  two 
methyl  groups. 

By  condensation  of  methyl  phenylglycinoacetate  with  ethyl  oxalate 
in  presence  of  sodium  methoxide,  a  substance  melting  at  188"  is 
obtained,  identical  with  that  just  described. 

0-2133  gave  0-4539  CO^,  and  0-0931  H.O.     C  =  58-03  ;  H  =  4-84. 
0-275  gave  120  c.c.  nitrogen  at  14°  and  769  mm.     K  =4*81  per  cent. 

The  third  type  of  compound  is  illustrated  by  the  condensation  pro« 
duct  melting  at  175",  and  obtained  from  ethyl  phenylglycinoacetate 
and  ethyl  oxalate  in  the  presence  of  sodium  methoxide. 
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0-2276  gave  0-4888  COg  and  0-1033  B.fl.     C  =  58-57  ;  i  =  5-04. 
0-2402     „     0-5202  CO.    „    0-1020  HjO.     C  =  59-06 ;  H  =  4-72. 
0-4970     „      18-2  c.c.  nitrogen  at  16°  and  770  mm.     N=  4-33. 
CisHijOgN  requires  C  =  59-04  ;  H  =  4-91  ;  N  =  4-58  per  cent. 

The  substance  is  derived  from  the  original,  C^gHj^^O^N  by  the  sub- 
stitution of  one  methyl  for  one  ethyl  group. 

Of  the  other  products,  two  are  identical,  melt  at  147 — 148°,  and 
have  the  formula  CisHuOgN.  The  remaining  two  have  the  formula 
Ci4Hi30gN,  one  melting  at  195°  and  the  other  at  159°. 

For  the  sake  of  comparison,  14  grams  of  ethyl  o-tolylglycinoacetate 
were  condensed  with  6*5  grams  of  ethyl  oxalate  in  presence  of  sodium 
ethoxide.     The  recrystallised  product  melted  at  146°, 

0-3477  gave  12-7  c.c.  nitrogen  at  15°  and  765  mm.     N  =  4-30. 
Cj^HigOgN  requires  N  =  4-20  per  cent. 

Part  of  the  expense  of  this  research  was  defrayed  by  a  grant  from 
the  Eoyal  Society.  The  author  wishes  to  express  his  thanks  to  Pro- 
fessor Campbell  Brown  for  material  assistance,  and  to  acknowledge 
the  valuable  help  of  Mr.  G.  D.  Hope,  B.Sc. 
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LVI. — An    Asymmetric    Synthesis    of    Quadrivalent 

Sulphur. 

By  Samuel  Smiles,  D.Sc. 

When  an  asymmetric  atom  is  produced  ia  a  molecule  in  presence  of 
an  optically  active  complex,  two  isomerides  may  be  formed,  and  the 
question  has  arisen  whether  any  preference  is  shown  to  the  formation 
of  either  of  these.  The  problem  has  attracted  much  attotjtion  in  tho 
last  few  years,  but  hitherto  the  reactions  which  have  beeu  examined 
have  dealt  with  asymmetric  caibon  ;  it  therefore  seemed  of  interest  to 
study  the  mutter  in  connection  with  other  elements  which  are  capable 
of  acting  as  centnss  of  optical  activity.  The  present  coinnmnication 
coutaiuH  an  lurcount  of  some  experiments  dealing  with  the  asymmetric 
■ynthesih  of  sulphur  compounds. 

The   HubstancoH   chosen  for  this  investigation  were  thetine    esters, 
a  class  of  compound  which  has  been  but  little  studied.     Indeed,  it 
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seems  that  the  only  repiesentative  known  is  the  ethyl  ester  of 
dimethylthetine  prepared  by  Letts  and  Collie  from  dimethyl  sulphide 
and  ethyl  bromoacetate  {Trans.  Edin.  Roy.  *S'oc.,  1878,  28,  618). 

The  menthyl  ester  of  biomoacetic  acid  unites  with  the  alkyl  sulph> 
ides  at  the  ordinary  temperature,  but  the  reaction  proceeds  very  slowly 
and  even  with  methyl  sulphide  is  scarcely  complete  after  a  week. 
The  product  of  the  reaction  is  the  menthyl  ester  of  a  thetine  bromide, 
R^SBr-CHo-COg-CioH,,,. 

Perhaps  the  only  proi>erty  of  these  menthyl  esters  of  thetine  which 
is  worthy  of  special  mention  is  the  tendency  which  they  show  to 
break  up  into  alkyl  sulphide  and  menthyl  bromoacetate.  The  ease 
with  which  this  decomposition  takes  place  varies  according  to  the 
complexity  of  the  alkyl  groups  united  to  the  sulphur  atom ;  the  more 
complex  the  group,  the  more  readily  does  decomposition  take  place. 
Of  the  three  derivatives  which  have  been  examined,  the  dimethylthetine 
is  by  far  the  most  stable,  for  it  may  be  kept  for  several  weeks  without 
any  change  taking  place  ;  the  diethylthetine,  on  the  other  hand,  begins 
to  decompose  in  a  few  days. 

In  solution,  the  dissociation  into  alkyl  sulphide  and  ethyl  bromo- 
acetate proceeds  even  more  readily,  but  it  is  affected  by  the  nature  of 
the  solvent.  The  ethyl  ester  of  diethylthetine  bromide  dissolves 
readily  in  water,  giving  solutions  which  show  a  characteristic  behaviour. 
Strong  solutions  of  this  salt  are  quite  transparent,  but  when  warmed 
or  dilated  they  become  opaque  owing  to  the  separation  of  the  sulphide 
and  ethyl  bromoacetate.  Solutions  of  the  thetine  esters  in  epichloro- 
hydrin  are  exceedingly  unstable  and  can  only  be  kept  for  a  few  hours 
without  change ;  in  alcohol,  too,  the  diethylihetine  may  be  almost 
completely  resolved  into  its  constituents  by  leaving  the  solution  for 
some  weeks. 

It  can  be  seen  by  comparing  the  behaviour  of  the  dimethyl  and 
diethyl  derivatives  that  an  increase  in  the  size  of  the  alkyl  groups 
from  methyl  to  ethyl  causes  a  marked  decrease  in  the  stability  of  the 
thetine.  This  shows  that  the  instability  of  the  diethylthetine  ester  is 
at  least  partly  due  to  steric  influences,  although  to  what  extent  it  is 
impossible  to  say. 

Wedekiud  ("Zur  Stereochemie  des  Fiinfwertigen  Stickstoffes," 
Leipzig,  1899)  has  pointed  out  a  similar  instability  in  the  case  of 
pheuylbenzylmethylallylammonium  iodide,  the  aqueous  solutions  of 
which  decompose  when  boiled  into  benzyl  iodide  and  tertiary  amine; 
Pope  also  (Trans.,  1901,  79,  828)  has  ascribed  the  autoracemisation  of 
the  dextrorotatory  iodide  to  the  same  cause. 

Such  instability  is  not  shown  by  all  the  salts  of  these  bases,  for 
example,  the  nitrates,  when  boiled  in  aqueous  solution,  are  gradually 
saponitied    into  menthol  and    the   free  thetine    talt ;  the   amount  of 
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sulphide  formed  is  quite  small,  and  with  the  dimethylthetine  ester 
only  amounts  to  a  trace. 

The  hydroxides  of  the  menthyl  esters  of  the  thetines  have  only  been 
obtained  as  oils  which  dissolve  quite  readily  in  water  giving  strongly 
alkaline  solutions.  After  a  s.hort  time,  the  alkalinity  disappears, 
menthol  separates  out,  and  the  free  thetine  remains  in  solution ; 
this  reaction  may  be  expressed  by  the  equation : 

Eo:S(OH)-CH2-C02-C,oH,9  =  R2^S<^^>C0  +  CioH^g-OH. 

The  ^methyl  ester  of  methylethylthetine  bromide  vvas  prepared 
from  methyl  ethyl  sulphide  and  Z-menthyl  bromoacetate.  The  most 
direct  method  of  ascertaining  whether  the  esters  of  dextro-  and  lievo- 
thetines  have  been  produced  in  equal  amount  is  to  isolate  the  thetine, 

p  TT^/^S\prCT^^CO,  from  the  synthetical  product   and  examine  its 

optical  condition.  With  this  object,  the  menthyl  nucleus  was  elimin- 
ated in  two  ways  :  (a)  by  intramolecular  saponification  of  the  hydroxide 
and  (b)  by  saponifying  the  ester  with  concentrated  hydrochloric  acid 
at  the  ordinary  temperature.  Both  these  methods  yielded  an  inactive 
thetine,  hence  it  would  seem  that  the  two  isomerides  are  produced  in 
equal  quantity.  These  experiments,  however,  scarcely  permit  of  a 
definite  conclusion,  for  it  is  quite  conceivable  that  any  optically  active 
thetine  might  be  racemised  during  the  process  of  saponification ;  but 
at  the  same  time  such  a  racemisation  of  optically  quadrivalent  sulphur 
has  never  been  observed,  indeed  it  would  seem  from  Pope's  experi- 
ments (Trans.,  1900,  77,  1074)  that  the  activity  of  methylethylthetine 
is  not  destroyed  by  concentrated  hydrochloric  acid. 

Further  evidence  was  sought  for  by  comparing  the  molecuhxr  rota- 
tions of  the  dimethyl-  and  diethyl-thetine  bromides  with  that  of  the 
methyl  ethyl  derivative.  The  rotatory  powers  of  these  substances 
wore  determined  in  absolute  alcohol,  acetone,  and  in  a  mixture  of 
equal  volumes  of  alcohol  and  water.  The  concentration  of  the  solu- 
tions examined  varied  l)etween  two  and  iivo  per  cent.;  within  those 
limits,  the  rotatory  power  of  the  tlietino  esters  does  not  alter  much. 
The  temperature  at  which  most  of  the  measurements  were  made  was 
23°;  variations  of  a  degree  on  either  side  do  not  affect  the  lotatiou 
Injyond  the  limit  of  experimental  error.  The  values  which  are  given 
in  the  following  table  are  the  molecular  rotations  of  the  three  de- 
rivatives, an<l  in  most  cases  they  are  the  mean  of  several  observations 
with  diiloront  H[)ccimeu8. 
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Molecular  Rotations  of  the  Meiithyl  Ester  qf  Vie  llietine  Bromides. 


Solvent. 

Siil»stauce. 

Calculated 

Dimethyl. 

Diethyl. 

-176-8' 
169-0 
17-2-1 

Methyl  ethyl. 

- 168  y- 

162-7 
166-2 

uiL-au. 

Alcoliol  and  water 

Alcohol    

Acetone  

-ltf2-7' 
157-9 
159-2 

-169-7' 
163  4 

16j1 

The  phitinichluriJes  of  these  bases  are  crystalline  solids,  and  are 
more  easily  purified  than  the  hygroscopic  bromides.  Pope  has  shown 
(Trans.,  1900,  77,  1074)  that  the  activity  of  methylethylthetiue 
still  persists  on  conversion  into  the  platinichloride  ;  hence,  for  purposes 
of  comparison,  the  platini  hlotides  should  serve  equally  well  as  the 
bromides.  The  next  table  shows  the  molecular  rotations  of  the 
three  platinichlorides  dissolved  in  epichlorohydrin. 

MolectUar  notations  qf  tfte  Platinichlorides. 


Dimethyl. 

Diethyl. 

Methyl  ethyl. 

Calculated  mean 

-371-3" 

-331-9" 

-351-0' 

-351-6- 

2x185-6 

2x165-8 

2x175-5 

2x175-8 

In  both  tables,  the  last  column  represents  the  arithmetical  mean 
between  the  experimental  values  for  the  dimethyl  and  diethyl 
derivaitives,  and  it  is  evident  that  this  calculated  value  lies  fairly 
close  to  that  found  for  the  methylethylthetiue. 

So  far  as  the  author  is  aware,  no  homologous  .-:eries  of  this  piir- 
ticular  type  has  been  investigated ;  a  large  number  of  other  series 
have  been  examined,  but  they  consist  for  the  greater  part  of  homo- 
logous esters  and  allied  substances,  and  it  is  only  in  a  few  of  these 
that  a  certain  regularity  of  rotatory  power  occui-s  in  the  lower  mem- 
bers. It  is  therefore  impossible  to  predict  with  certainty  that  the 
rotation  of  the  ^mei.thyl  ester  of  (//-methyletbylthetine  would  lie 
intermediate  between  those  of  the  t«o  adjavent  homologues.  In  spite 
of  this,  the  evidence  points  to  the  conclusion  that  the  two  isomerides 
have  been  produced  in  equal  amount,  for  the  alternative  carries  with 
it  the  improbable  assumption  that  the  excess  of  one  of  the  isomerides 
should  adjust  the  discrepancy  between  the  rotation  of  the  ^-menthyl 
eater  of  (ZAnethylethylthetine  and  the  mean  of  the  rotations  of  the 
dimethyl  and  diethyl  derivtitives. 

Finally,  the  question  was  attacked  in  a  more  direct  manner.     The 
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a-jid  bromide  of  c^^methylethylthetine  bromide  was  prepared  from 
bromoacetyl  bromide  and  methyl  etbyl  sulphide,  and  subsequently  con- 
verted into  the  menthyl  ester  by  treatment  with  menthol.  The  pro- 
duct, the  ^menthyl  ester  of  d'Z-methylethylthetine  bromide,  was  oily 
and  evidently  contained  impurities ;  it  was  therefore  converted  into 
the  insoluble  platiuichloride.  The  molecular  rotation  of  the  /-menthyl 
ester  of  <W-methylethylthetine  platinichloride  prepared  in  this  manner 
was  found  to  be  -  350°,  a  value  almost  identical  with  that  obtained 
for  the  platinichloride,  which  was  made  from  the  product  of  asymmetric 
synthesis. 

The  evidence  afforded  by  these  three  lines  of  research  points  in  one 
direction,  and,  when  considered  all  together,  leads  to  the  conclusion 
that  the  two  isomeric  /-menthyl  esters  of  I-  and  cZ-methylethylthetine 
bromides  are  produced  in  equal  amount  during  their  synthesis  from 
Z-menthyl  bromoacetate  and  methyl  elhyl  sulphide 


Experimental. 

\-Menthyl  Bromoacetate,  CHgBr'COo'CjoHjg  (/). — Foi'ty  grams  of 
bi'omoacetyl  bromide  were  gradually  added  to  a  solution  of  thirty 
grams  of  menthol  in  two  hundred  c.c.  of  chloroform,  and  the  mixture 
heated  on  a  water-bath  until  the  evolution  of  hydrogen  bromide 
ceased.  After  being  washed  with  water  and  dilute  aqueous  sodium 
carbonate,  the  solution  was  dried  over  calcium  chloride  and  then 
fractionated.  Fifty-two  grams  of  the  liquid  distilled  between 
140°  and  145°  under  12  mm,  pressure.  Redistillation  of  this  portion 
yielded  /-menthyl  bromoacetate  as  a  colourless  oil  boiling  at  144 — 145° 
under  12  mm.  pressure. 

0-464  gave  0-3146  AgBr.     Br  =  28-92. 

0-3682  „     0  6948  CO^  and  02531  lif>.     C  =  52i7;  H  =  7-7. 
CijHgiO^Br  requires  0  =  51-98  ;  H  =  7-58;  Br  =  28-88  per  cent. 

A  determination  of  the  density  gave  r/25°/4°-- 1208,  and  when 
examined  in  the  polariscope  it  was  found  that  a„  - 1872°  when 
/-0-25  dem.  and  <-25°,  whence  [a]i,-  6198°  and  [M]^-  171-6°. 

In  alcoliolic  solutions,  o  was  found  to  be  -7-60°  when  /  =  ldcm., 
c~  12-21,  and  t  -  24°,  whence  [a]„  -  62-24°  and  [M]o  -  172-4°.* 

Another  samplo  of  the  ester  prepared  in  the  sime  way  gave 
a,, -7-61°  with  /-I  dcin.,  c-  122,  and  <  =  22°,  whence  [ajo  -  62-3°  and 
[M]„- 172-5°. 

The  menthol  used  in  this  preparation  was  obtained  from  Kahlbaum, 

•  TiwliUKWjJr  (J.  liiuu.  l'hy$.  C/iein.  Soc.,  1002,  84,  006)  has  given  d-2074°  = 
1  -2180,  [a]„  -  60-96",  and  [M]    -  108-8". 
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and  gave  [a]i, -10*05°  at  22°  when  1  =  2  dcm.  and  c  =  100,  whence 
[a]„-50-2°.* 

The  ester,  when  saponified  with  cold  dilute  alcoholic  potash,  gave 
a  menthol  which  showed  [o]u -398°  when/=  Idem.,  c  =  80,  and<  =  21°, 
whence  c  -  49"7°  ;  thus  it  seems  that  the  above  process  of  esteritication 
does  not  appreciably  alter  the  optical  condition  of  the  menthol. 

A  samj)le  of  the  esster  was  also  prepared  from  menthol,  bromoacetic 
acid,  and  concentrated  sulphuric  acid  ;  it  showed  [ojo  -  50*4°,  a  number 
which  is  considerably  below  that  given  by  the  ester  prepared  from  the 
acid  bromide. 


\-Menthyl  EsUr  of  DitmthyUhethie  Bromide,  ^Hj-^^^Hj-COj-CjoH,, 

Ten  grams  of  methyl  sulphide  were  mixed  with  20  grams  of  /-meDthyl 
bromoacetate.  In  the  course  of  24  hours  the  liquid  became  cloudy, 
and  at  the  end  of  a  week  had  completely  solidified  to  a  colourless 
mass  of  crystals.  After  being  washod  with  ether  and  thoroughly 
dried  in  a  desiccator  the  product  weighed  20  grams ;  theory  requiren 
27  grams. 

By  dissolving  in  absolute  alcohol  and  precipitating  the  solution 
with  ether,  the  ^menthyl  ester  of  dimethylthetiue  bromide  is  deposited 
in  the  form  of  colourless  leaflets,  which  decompose  at  87 — 90°,  accord- 
ing to  the  rapidity  of  heating.  The  thetine  ester  is  very  soluble  in 
absolute  alcohol,  moderately  in  acetone,  and  sparingly  so  in  water  ; 
when  any  of  these  solutions  are  warmed  or  allowed  to  remain  at  the 
ordinary  temperature,  decomposition  into  methyl  sulphide  and  menthyl 
bromoacetate  takes  place.  By  allowing  an  alcoholic  solution  to  evaporate 
slowly,  this  substance  may  be  obtained  in  the  form  of  prisms  fully 
1  cm.  in  length. 

0288  gave  01561  AgBr.     Br  =  23-07. 

Cj^Hj^OjBrS  requires  Br=  236  per  cent. 

The  halogen  was  estimated  by  precipitation  with  silver  nitrate  from 
an  aqueous  solution  of  the  bromide,  and  the  deficiency  in  the  per- 
centage of  bromine  is  without  doubt  due  to  dissociation  of  the  dissolved 
substance.  The  same  behaviour  is  shown  by  the  dimethyl  and 
diethyl  derivatives. 

When  examined  in  the  polarisoope,  dimethylthetiue  ^menthyl  ester 
bromide  gave  the  following  results. 

In  a  mixture  of  equal  volumes  of  absolute  alcohol  and  water  : 
au-  i-24"  when  c  =  2*568,  <  =  22°,  and  ^=1  dcm.,  whence  [a]D-48-4° 
and  [M]i,-1G4-U^ 

*  Arth{.-lM7i.  Ckiin.  Phys.,  ISStJ,  [vij,  7,  438)  gives  [a]o  -501°,  c  =  10,  and 
i  =  18°. 

1  1  2 
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aD-M2°  when  c  =  2-352,  <  =  23°,  and  ^=1  dcm.,  whence  [a]„-47-6° 
and  [M]d- 161-3° 

an  -  2-34°  when  c  -  4-838,  t  =  24°,  and  Z  =  1  dcm.,  whence  [a],,  -  48*3° 
and  [M]o- 163-7°. 

an- 1-00°  when  c  =  2-09,  <  =  24°,  and  Z=l  dcm.,  whence  [a]o-47-8° 
and  [Mjn- 162-0°. 

]n  absolute  alcohol : 

aD-l-03°  when  c  =  2-218,  ^  =  23°,  and  ^  =  1  dcm.,  whence  [a]u-46-4° 
and  [M]u- 157-3°. 

ao  -  0-92°  when  c  =  1  -982,  t  =  24°,  and  ^  =  1  dcm.,  whence  [ a  ]o  -  46 -4° 
and  [M]d  -  157-3°. 

ao- 2-51°  when  c  =  5-34,  «  =  23°,  and^=l  dcm.,  whence  [a]u-470° 
and  [M]p  -  159  3°. 

In  acetone : 

ttD-  1-99°  when  c  =  4-156,  <  =  24°,  and  ^  =  1  dcm.,  whence  [a]u-47-3° 
and  [M]„- 160-8°. 

ao  -0-82°  when  c=  1-756,  «  =  23°,  and  1=1  dcm.,  whence  [a]n-46-7° 
and  [M]d- 158-3°. 

A  freshly  prepared  solution  in  epichlorohydrin  gave  a^,  -  1  "65°  when 
c  =  1-808,  t  =  22°  and  ?  =  2  dcm.,  whence  [a]u  -  45-6°  and  [M]„  -  154-6°. 
After  48  hours,  this  solution  smelt  strongly  of  dimethyl  sulphide,  and 
showed  [a]u-37-6°. 

Another  solution  in  the  same  solvent  when  freshly  made  gave 
a„-l-23°  when  c  =  275,  «  =  23°,  and  /=  1  dcm.,  whence  [a]i,- 44-7° 
and  [M]o- 151-7°. 

The  chloride  was  not  isolated ;  it  was  made  by  shaking  a  solution  of 
the  bromide  in  alcohol  and  water  with  excess  of  silver  chloride.  The 
filtrate  showed  the  same  rotation  when  examined  in  a  1-dcm.  tube 
as  the  solution  of  the  bromide  from  which  it  was  prepared,  hence  the 
molecular  rotation  of  the  chloride  is  the  same  as  that  of  the  bromide 
and  lies  at  about  -  1 63°. 

The  aurichlorid%  S(CH3).^01*OH2'CO^'CioHiq,AuCI3,  obtained  as  a 
yellow,  crystalline  precipitate  from  solutions  of  the  chloride,  is  soluble 
in  chloroform,  alcohol,  and  acetone,  but  is  insoluble  in  water  and 
carbon  diHulphido,  and  when  exposed  to  the  air  oxidises  to  a  brown 
Bubstance,  which  is  insoluble  in  chloroform.  Tlie  aurichloride  was 
purified  by  dissolviDg  in  acetone  and  precipitating  with  water;  after 
drying  under  diminished  pressure,  it  melted  at  124 — 125". 

O'lGl!)  gave  0-05:)3  Au.     Au  =  32-92. 

(Jj^ll^yO./JI8,AuCly  requires  Au  =  32-97  per  cent. 

Whuu  diHsolved  in  acetone  and  examined  in  the  polariscopu  it  gave 
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aD-0-89°  when  c  =  2-957,  <  =  22°,  and  /=  1  dcm.,  whence  [a]i,- 30-1° 
and  [M]„- 180  0^. 

The;>;a<mi6'A/oW</e,[S{CH3),CM-CHj-OioHiy]2.PtCI^,isprecipiUte«lfrom 
solutions  of  the  chloride  as  a  pale  yellow,  crystalline  powder,  which  is 
insoluble  in  the  usual  organic  media,  but  ipparingly  toluble  in 
epichlorohydrin.     It  melts  at  177°  with  decomposition. 

0-1143  gave  0-0239  Pt.     Pt  =  20-9. 
0-2057     „     0-1903  AgCl.     CI  =  22-8. 
01557     „     0-0794  BaSO^.     S  =  70. 
(Ci.Ha^OgSCOj.PtCl,,  requires  Pt  =  21  04;  CI  =  230;  S»  6-9  per  cent. 

The  optical  constants  of  the  platinichloride  were  found  to  be  aa 
follows ; 

ao- 0  38°  when  e  =  0-9468,  <-22°,Rnd/=  Idem.,  whence  [o]d- 40-1° 
and  [M]o-371-3° 

ao-  037''  when  c  =  09224,  <  =  2r,  and  /  =  1  dcm.,  whence  [a]u  -  40-r 
and  [M]o- 371-3". 

The  hydroxide  was  prepared  by  the  action  of  silver  oxide  on  an 
alcoholic  solution  of  the  bromide  ;  the  filtrate  from  the  silver  bromide 
was  strongly  alkaline,  and,  when  precipitated  with  ether,  yielded  the 
substance  as  an  oil.  Aqueous  solutions  of  this  base  decompose  gradu- 
ally at  the  ordinary  temperature,  giving  menthol  and  dimethylthetine. 

The  nitrate,  which  crystallises  from  hot  aqueous  solutions  in  the 
form  of  colourless  needles,  is  the  most  stable  of  those  salts  which  have 
been  examined. 


diX'Methyhthylthetine  \-Menthyl  Ester  Bramule, 
CHg^^^H/CO.-CioHio 
CgH-^^^Br  " 

A  mixture  of  10  grams  of  methyl  ethyl  sulphide  and  20  grams  of 
/-menthyl  bromoaeetate  was  allowed  to  remain  for  a  week  ;  the  solid 
product  was  then  broken  up,  and,  after  being  well  washed  with 
dry  ether,  was  dissolved  in  alcohol  and  reprecipitated.  This  treatment 
yielded  15  grams  of  methylothylthetine  /-menthyl  ester  bromide  in 
the  form  of  colourless  needles,  which  melted  at  80 — 82°  with  decom- 
position. In  distinction  from  the  dimethyl  dei-ivative,  the  methyl- 
othylthetine is  hygroscopic,  and  can  only  be  obtained  pm-e  by  using 
carefully  dried  reagents.  When  examined  in  the  polariscope,  it  showed 
the  following  behaviour. 

In  a  mixture  of  equal  volumes  of  alcohol  and  water  : 

ao  -2-14°  when  c  =  4-46,  ^  =  22%  and  /-I  dcm.,  whence  [aj^  -48*0° 
aud[M]B  -169-4°. 
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ap  -2-09°  when  c  =  4-349,  t  =  2S°,  and  1=1  dcm.,  whence  [a]„ 
-  48-0°  and  [M]y  -169-4° 

tto  -2-38°  when  c  =  5-0,  <  =  23°,  and  /=1  dcm.,  whence  [a]n  -  47-6° 
and[M]D  -168-0° 

In  absolute  alcohol : 

an  -  1-29°  when  c  =  2-784,  «  =  23°,  and  /=  1  dcm.,  whence  [a]^  -  46-3° 
and[M]D  -163-4°. 

od  -2-37°  when  c  =  5-135,  ^  =  23°,  and  l=\  dcm.,  whence  [a]n 
-46-1°  and  [M]d  -162-7°. 

tti,  -  2-29°  when  c  =  4-989,  t  =  23°,  and  I  =  1  dcm.,  whence  [a]u  -  45-8° 
and  [M]o  -162'0°. 

In  acetone : 

ao- 1-93°  when  c  =  4-095,  «  =  22°,and  ?  =  1  dcm.,  whence  [a]D--47-l° 
and  [M]d- 166-2°. 

A  freshly  prepared  solution  in  epichlorohydrin  gave  an- 1-61° 
when  c  =  3-829,  <  =  22°,  and  1=1  dcm.,  whence  [a]D-420°  and 
[M]o- 148-2°. 

Another  solution  gave  aD-l-57°  when  c  =  3-661,  t  =  2l°,  and 
;=1  dcm.,  whence  [a]i,- 42-8°  and  [M]d-150-8°. 

Saponification  of  AX-Methylethyltliethie  \-Menthyl  Ester  Bromide. 

(a)  With  concentrated  hydrochloric  acid  : 

The  bromide  was  dissolved  in  strong  hydrochloric  acid  and  set  aside 
for  6  days  at  the  ordinary  temperature  ;  water  was  then  added  and 
the  mixture  repeatedly  extracted  with  ether.  After  several  extrac- 
tions, the  aqueous  portion  was  examined  in  the  polarisco})e  and  found 
to  be  inactive.  It  was  evaporated  to  dryness  under  diminished  pres- 
sure, and  then,  after  being  redissolved  in  alcohol,  was  treated  with 
excess  of  silver  chloride.  The  filtrate  from  the  silver  halido  was 
acidified  with  hydrochloric  acid  and  precipitated  with  platinic  cliloride. 
When  dry,  the  precipitate  was  analysed  : 

0-3506  gave  0-1009  Pt.     Pt  =  2877. 

(C„H„O^SCl)2,PtCl4  requires  Pt- 28-74  per  cent. 

The  platinum  salt  is  evidently  that  of  methylethylthotino  ;  when 
cxainiriod  in  the  jtolariscopo  it  was  found  to  bo  inactive. 

(b)  With  silver  oxide  : 

An  aqueous  solution  of  the  above  methylethylthotino  monthyl  ester 
wan  mixed  with  excess  of  silver  o.xido  and  loft  for  3  days  at  the 
ordinary  temperature.  The  solution,  aft(^r  l)oin;,'  fillonMl  and  re- 
jjc'Atodly  extracted  with  ether,  was  inactive;  the  platinic  chloride  of 
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metliylethylthetine,  prepared  from  the  solution  in  the  usual  way,  was 
also  without  action  on  polarised  light. 

(c)  A  third  saj>onification  was  carried  out  with  thionyl  chloride ; 
tlie  result  was  as  before,  an  inactive  methylethylthetine  being  pro- 
duced. 

The platinichloride,  (^^  >S<^,j^2'^^2*^'io^i9V,  PtCl^,  obtained  as 

an  orange-buff  precipitate  by  adding  platinic  chloride  to  aqueous  solu- 
tions of  the  chloride,  melts  at  173 — 174^  and  may  be  crystallise«l  from 
hot  acetone,  in  which  it  is  sparingly  soluble ;  it  is  also  soluble  in  epi- 
chlorohydrin,  but  is  insoluble  in  alcohol,  water,  and  other  common 
solvents.  The  specimens  used  for  examination  in  the  polariscope  were 
not  recrystallised,  but  purified  by  thoroughly  washing  the  original 
precipitate  with  cold  acetone. 

0-3987  substance  gave  0  0817  Pt.     Pt  =  20-49. 
01300         „  „     0  1188AgCl.     Ci  =  22  5. 

015iy         „  „     00752  BaSO^.     8-6-8. 

(C,5H2(,O.^SCl)2,PtCl,  requires  Pt  =  20-4;  CI  =  22-3;  8  =  6-7  percent. 

When  dissolved  in  epichlorohydrin,  the  double  salt  gave 
a„-117''  when  c  =  3158,  i  =  22°,  and  /=  1  dcm.,  whence  |o]o-370'' 
and  [M]„-352  9°;  oo-0-85^  whenc  =  2-323,  <  =  21°,  and/=l  dcm., 
whence  [a]„  -  36-6^  and  [M]„-  349-1°. 

As  already  mentioned  in  the  introduction,  this  platinichloride  was 
prepared  in  a  different  way.  Bi-omoacetyl  bromide  was  mixed  with 
excess  of  methyl  ethyl  sulphide  and  set  aside  during  four  days  in  a 
ilask  protecteil  from  moisture.  An  oily  layer  was  deposited,  presum- 
ably the  acid  bromide  of  methylethylthetine ;  it  was  separated  fi-om 
excess  of  sulphide,  washed  with  dry  ether,  and  mixed  with  rather  less 
than  the  calculated  amount  of  menthol.  After  being  kept  for  several 
days  in  a  dry  atmosphere,  the  oily  thetine  ester  was  washed  with  ether, 
dissolved  in  a  small  quantity  of  water,  and  again  extracted  with  ether 
to  remove  menthol  and  any  remaining  sulphide.  The  aqueous  solu- 
tion, which  now  contained  the  men  thy  1  ester  of  the  thetine  and 
probably  a  considerable  quantity  of  methylethylthetine  bromide,  was 
treated  with  silver  chloride  and  precipitated  with  platinic  chloride. 
The  precipitate  was  collected  and  after  purification  was  analysed  : 

0-4532  gave  0-093H  Pt.     Pt  =  20-65. 

(Ci5Fr.30jSCl)2,PtCl4  requires  Pt  =  20-44  per  cent. 

When  dissolved  in  epichlorohydrin  and  examined  in  the  polariscope 
it  gave  : 

aj>-0-90°  when  c-2-45,  /  =  23\  and  l=^\  dcm..  whence  [a]u-36-7^ 
and  [M]d  -  350-0'^. 
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l-Menthyl  ester  of  diethylthetine  bromide,  ^{Q^^.^vOHc^'CO^'f^^^^^^, 
was  obtained  by  a  similar  method  to  that  employed  in  the  preparation 
of  the  dimethyl  and  methyl  derivatives.  In  one  experiment,  fifteen 
grams  of  Z-me^fithyl  bromoacetate  and  ten  grams  of  ethyl  sulphide 
yielded  twelve  grams  of  crude  thetine  bromide.  The  pure  substance 
forms  long,  colourless  needles  which  melt  at  73 — 74°  if  rapidly  heated 
and  which  are  very  soluble  in  water  and  alcohol.  Owing  to  the 
instability  of  this  substance,  it  was  found  necessary  to  employ  freshly 
prepared  specimens  for  analysis  and  determination  of  rotatory  power. 
When  the  halogen  was  estimated  in  solutions  by  precipitation  with 
silver  nitrate,  the  results  were  always  about  0'5 — 08  per  cent,  less 
than  the  calculated  value;  a  determination  of  halogen  by  Carius' 
method  gave  the  following  result  : 

0-4779  gave  0-248  AgBr.     Br  =  22-0. 

CjjHgjOgBrS  requires  Br  =  21-8  per  cent. 

"When  dissolved  in  a  mixture  of  alcohol  and  water  in  equal  volumes, 
the  diethylthetine  ester  gave  ai,-l-38°  when  c  =  2-88,  <  =  22°,  and 
I  =  1  dcm.,  whence  [a\  -  47*8°  and  [M]d  -  175-4°. 

au-2-47°  when  c  =  5-08,  <  =  23°,  and  ^=1  dcm.,  whence  [a]„-48-5° 
and  [M]p- 177-9°. 

tto- 1-16°  when  c  =  2-39,  «  =  23°,  and  /  =  1  dcm.,  whence  [aj^- 485° 
and  [M]d- 177-9°. 

qd  -  2-1 1°  when  c  =  4*393,  t  =  23°,  and  Z=  1  dcm.,  whence  [aj^  -  480° 
and  [M]„- 176-1°. 

In  absolute  alcohol : 

a„  -  2-34°  when  c  =  5-057,  t  =  22%  and  Z=  1  dcm.,  whence  [a]o  -  46-2° 
and  [M]j,- 169-5°. 

a„-107"  when  c  =  2-33,  <  =  22°,  andZ  =  l  dcm.,  whence  [a]„  45  9° 
and  [M]y- 168-4". 

od- M 2°  when  c  =  2-426,  <  =  22°,  Z=l  dcm.,  whence  [a]i,- 46-1°  and 
[M]„- 164-2°. 

Id  acetone : 

Op  -  2-1 1°  when  c  =  4-497,  t  -■=  22°,  and  Z=  1  dcm.,  whence  [a]„  -  46-9° 
and  [M]„- 172-1°. 

A  fresh  Holution  in  epichlorohydrin  gave  ai,  -  1-25°  when  c  =  3043, 
<-21°,  and  /=!  dcm.,  whence  [a]„-41-0^  and  [M]o-i50-4°;  after 
four  dayH,  [o],,  had  sunk  to  -  38-4°. 

The  platinichloride,  (J]8J{'i>S<^*J'^2'^^a*^i«^^jA,,PtCl^,  forms  buff- 

colourod  noedloH  which  melt  at  148 — 149°  with  decomposition;  it  is 
very  Holuble  in  acetone  and  in  epichlorohydrin,  sparingly  so  in  cold 
ethyl  acetate,  and  inRolublo  in  water.  Analysis  gave  the  following 
diita  : 
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00974  gave  00193  Pt.     Pi  =19-8. 
01156     „     01000  AgCl.     Cl  =  21-4. 
0115<)     „      00494  BaSO^.     S-(i-5. 
(C,aH3i02ClS)2,PtCI^  requires  Pt=  1984 ;  Cl  =  2l  6;  8  =  6-5  percent. 

It  was  found  that  when  dissolved  in  epichlorohydrin  : 

a„    -0  70      when    c  =  2  093,     <  =  24°,     and     /=!     dcin.,      whence 

[a]„  -  33-9°  and  [Mju  -  332-9°. 

a,,  -  0*46°  when  c=  1-363,  t  =  24',  and  /  =  1  dem.,  whence  [o]y  -  33'7 

and  [M]y  -  330-9°. 

1  n  acetone : 

a„  -  0-61°  when  c  =  1-709,  t  =  22°,  and  /=  1  dcm.,  whence  [a]u  -  357^ 
and  [M]u  -  350-4° 

At  present,  the  investigation  is  being  extended  to  other  substances 
of  a  typo  similar  to  those  descril>ed  in  this  jjaper. 

In  conclusion,  the  author  desires  to  thank  Professor  Collie  for  much 
valuable  help  and  suggestion  given  while  carrying  out  these  experi- 
ments. 

The  expenses  of  this  research  have  been  defrayed  by  a  grant  from 
the  Research  Fund  Committee  of  the  Chemical  Society,  to  whom  also 
the  author's  best  thanks  are  due. 

U.NIVEKSITY    COLI.EliK, 

London. 


LVll. — Tlii'     Combination    of    Mercaptans    with     /  / 
saturated   Ketonic    Compounds. 

By  Siegfried  Ruhemann. 

Lately  (Trans.,  1905,  87,  17)  I  have  shown  that,  under  the  influence 
of  sodium  ethoxide  or  piperidine,  oletinic  ketonic  compounds  combine 
with  mercaptans  to  yield  additive  products.  The  further  study  of 
this  reaction  seemed  to  bo  advisjible,  because  Posner,  on  using  as 
catalytic  agent  hydrogen  chloride  either  alone  or  in  conjunction  with 
zinc  chloride,  frec^uently  obtained  mixtui-es,  since  the  mercaptans, 
besides  acting  additively  at  the  ethylenic  linking,  partly  condensed 
also  with  the  ketonic  group  of  the  olefinic  ketones.  Thus  Posner 
{Jier.,  1902,  36,  809)  found  that  tsoamyl  mei-captan  on  treatment  with 
benzylideneacetophenone  yielded  an  oil  which,  from  a  sulphur  determina- 
tion, he    concluded    was   a    mixture,  and    which   on    oxidation   with 
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potassium  permanganate  furnished  a  small  quantity  of  the  sulphone, 
C6H^-CH(SO./C.Hi^)-CH2-CO-C,jIT..  As  shown  in  this  paper,  on 
employing  piperidine  as  catalytic  agent,  there  is  thus  formed  the 
additive  compound,  isoamylthiolbenzylacetophenone, 
CeH5-CH(S-C,Hi.J-CH,-CO-C6H„ 
which  melts  at  49 — 50°.  In  my  former  communication  {loc.  cit.),  the 
action    of   mercaptans   on    various  mono-olefinic    ketonic   compounds 

containing  the  grouping  -CHICH'CO-  has  been  described  ;  I  have 
since  applied  this  reaction  to  several  other  members  of  this  type  of 
ketones,  namely,  benzylidenedeoxybenzoin  and  ethyl  benzylidene- 
benzoylacetate.  The  behaviour,  also,  of  piperidine  towards  a 
mixture  of  phenyl  mercaptan  and  bromobonzylideneacetophenone, 
CgHj'CBrlCH'CO'CcHj,  has  been  studied,  with  the  unexpected  result 
that  phenylthiolbenzylacetophenone  is  formed,  identical  with  the  sub- 
stance which  is  produced  by  the  union  of  phenyl  mercaptan  with 
benzylideneacetophenone. 

I  have  previously  {loc.  cit.)  shown  that  cinnamylideneacetophenone, 

I'll 
the   diolefinic  ketone  of  the  type  -CIC*C!C-CO-,    unites    with    one 

molecule  only  of  a  mercaptan,  and  that  this  result  differs  from 
Posnei-'s  statement  (Ber.,  1904,  37,  509),  according  to  which  this 
ketone  forms  additive  products  with  two  molecules  of  mercaptans. 
Prof.  Posner  has  since,  by  letter,  recognised  the  error  and  confirmed 
my  result  that  the  compound  which  is  formed  from  cinnamylidene- 
acetophenone and  phenyl  mercaptan  has  the  formula 

C«H,-CH:CHCH(S-C\,H.)-CH2-C0-CfiH^. 

After  having  established  the  behaviour  of  mercaptans  towards  this 
diolefinic  ketone,  it  seemed  probable  that  Posner's  statement  as  to  the 
action  of  mercaptans  on  cinnamylideneacotone  was  also  not  correct. 
In  his  paper  (loc.  cit.),  he  records  the  experimental  results  of  one  of 
his  pupils  who  thus  has  obtained  oils  which  he  has  been  able  to 
transform  into  disulphones,  whilst  he  has  failed  in  producing  a 
Hulphone  on  oxidising  the  additive  compound  of  benzylideneaceto- 
phenone with  phenyl  mercaptan.  I  have  found,  indeed,  that  my  view 
is  correct,  for  cinnamylideneacotone  unites  with  one  molecule  only  of 
phenyl  mercji{)tan  to  yiehl  the  substance 

C,jH,-CH:CH-Ull(S-Cfliy-CH2'CO'CH3, 
which  is  iioL  an  oil,  but  a  solid  melting  at  53 — 54°. 

In  tlio  liglit  of  those  results,  it  may  bo  expected  that  cinnamylidene- 
bonzylidoMoacetone,  (J„Fr;,-CH:(Ml'CH:CH-CO-Cli:0H'C,.ir,,  will  form 
additive  products  with  two  molecules  of  mercaptans  only. 

I  have  found  that  this  tri-olofinic  ketone  readily  takes  up  one 
molecule  of  oitlier  phenyl  merca|itivn  or  jVoamyl  mercaptnii,  and  that, 
on  luing  uu  excess  of  pliunyl  mercaptan,  a  mixture  of  compuunds  con- 
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taining  one  and  two  molecules  of  the  mercaptiin  is  produce*!.  Various 
attempts  to  separate  this  mixture  have  been  unsuccessful. 

Like  the  olefinic  ketones,  so  do  the  ketones  of  the  acetylene  series 
form  additive  compounds  with  mercaptans.  These  are  similar  to  the 
substances  which  are  produced  from  phenylpropioUc  and  acetylenedi- 
carboxylic  esters  (see  Ruhemann  and  Stapleton,  Ti-ans.,  1900,  77, 
1181).  As  yet  I  have  studied  in  this  connection  methoxybenzoyl- 
phenylacetylene,  CgHj'CtC'CO'C^H^'O-CHj,  which  unites  with  one 
molecule  of  phenyl  mercaptan.  This  additive  compound  differs  from 
the  substances  which  are  formed  by  the  union  of  mercaptans  with 
olefinic  ketones  inasmuch  as  it  is  deep  yellow,  whilst  the  latter  are 
almost  all  colourless. 

Analogous  to  the  action  of  mercaptans  on  olefinic  ketones  with  the 
ketonic  group  in  open  chains  is  the  behaviour  of  the  mercaptans 
towards  olefinic  cyclic  ketones.      For  example,  I  have   used   benzyl- 

idenephenylmethylpyrazolone,  CjH5*N<^        nTn/n  u  '  ^^^  *^®  P*"*^ 

duct  of  the  condensation  of  benzaldehyde  with  hippuric  acid.     The 

latter    substance   has  lately  been  recognised  by  Ei-leni!'"    ••  '  ' ''■"■. 

1904,  337,  268)  as  benzylidonephenylazlactone. 

Both  these  compounds  readily  react  with  phenyl  mei-captan,  especially, 
however,  the  azlactone,  Which  unites  with  the  mercaptan  even  without 
the  use  of  a  catalytic  agent.  Whilst  benzylidenephenylmethylpyrazolone 
takes  up  one  molecule  only  of  the  mercaptan,  the  derivative  of 
azlactone  unites  with  two  molecules  of  the  mercaptan.  This  circum- 
stance, together  with  the  fact  that  the  azlactone  ring  readily  opens, 
loads  to  the  view  that  the  additive  compound  of  phenyl  mercaptan 
with  bonzylidenephenylazlactone  is  probaV)ly  to  be  i-epresented  thus  : 


f'.H  -CH  /Rfiy-C-NH-CO-C^H. 
COS-C'H, 


Experimental. 


isoAmylthiolbenzylacetophenone, 
C,H5-CH(S-C,H„)-CH,-C0-CeH-. 

The  union  of  benzylideneacetophenone  with  i«oamyI  mercaptan  has 
been  effected  by  mixing  the  ketone  (2  grams),  dissolved  in  a  little 
benzene,  with  the  mercaptan  (1  gram),  and  adding  3 — 4  drops  of  piperi- 
dine.  After  standing  overnight,  light  petroleum  is  added,  when  a 
white  solid  is  pi'ecipitated  ;  this  is  washed  with  dilute  alcohol  and 
crystallised  from  boiling  alcohol,  in  which  it  is  readily  soluble.     Thus 
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colourless  prisms  are  obtained,  which  melt  at  49 — 50°  and  dissolve 
in  cold  concentrated  sulphuric  acid,  yielding  a  yellow  solution. 

0-2019  gave  0-5680  CO,  and  0-1407  H,0.     0  =  76-72;  H  =  7-74. 
C^-oH^^OS  requires  0  =  76-92  ;  H  =  7-69  per  cent. 

Posner  {Ber.,  1902,  36,  809),  on  using  hydrogen  chloride  as 
catalytic  agent,  obtained  from  the  ketone  and  i«oamyl  mercaptan  an 
oily  product  which  he  found  to  be  a  mixture. 

rhenylthiolbenzylacetophenone, 
0,H5-CH(S-C,H,)-CH2-CO-C,H5. 

Benzylideneacetophenone  (2  grams),  dissolved  in  cold  benzene, 
interacts  with  phenyl  mercaptan  (1-2  grams)  on  adding  a  few  drops 
of  piperidine,  and  the  reaction  is  accompanied  by  development  of  heat. 
After  a  short  time,  the  whole  sets  to  a  semi-solid,  which  dissolves  in 
boiling  alcohol  with  difficulty,  and,  on  cooling,  crystallises  in  colourless 
needles.  These  melt  at  120 — 121°  and  dissolve  in  cold  concentrated 
sulphuric  acid,  forming  a  yellowish-red  solution. 

0-2010  gave  0-5825  CO2  and  0-1025  H2O.     0  =  7903;  H  =  5-66. 
OgiH^s^^S  requires  0  =  79-24 ;  H  =  5-66  per  cent. 

This  substance  is  identical  with  that  which  Posner  (loc.  cit)  prepared 
by  the  action  of  hydrogen  chloride  on  a  mixture  of  benzylideneaceto- 
phenone and  phenyl  mercaptan.  It  is  formed,  also,  by  the  action  of 
phenyl  mercaptan  on  bromobenzylideneacetophenone. 

On  adding  piperidine  (3  grams)  to  the  mixture  of  phenyl  mercaptan 
(2  grams)  and  bromobenzylideneacetophenone  (5  grams),  dissolved  in 
alcohol,  heat  is  developed  and  a  solid  is  formed  which  crystallises 
from  alcohol  in  colourless  needles.  The  identity  of  this  compound 
with  phenylthiolbenzylacetophenone  has  been  ascertained  by  the 
melting  point  (121")  and  the  following  analysis: 

0-2015  gave  0-5845  CO2  and  0-1040  HjO.     0  =  79-1 1 ;  II  =  573. 
OajHigOS  requires  0  =  79-24 ;  H  =  566  per  cent 

J'heni/Uhiolbenzyldeoxybenzoiu, 
OoH,-Cll(S-0,H,)-OH(C„H,)-00'C„H,. 

Posner  {Ber.,  1904,  37,  505)  previously  studied  the  action  of 
mercaptaDB  on  bonzylidcneduoxybon/.oin,  and  found  that  additive 
products  only  wore  formed  when  the  mixture  of  the  ketone  and  the 
mercaptan  wu.s  dissolved  in  glacial  acetic  acid  and  the  solutions 
saturated  witli  hydrogen  chloride,  the  reaction  taking  place  either  in 
the  oold  or  at  40 — 60^  1  liiul  that  the  union  of  morraptiins  with 
the  oloflnic  ketone  in  readily  ulVcctuJ  by  using  piperidine  as  catalytic 
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agent,  and  I  have  examined,  especially,  the  additive  product  with 
phenyl  mereaptan.  This  is  fonued  by  adding  a  few  drops  of  piperi- 
dine  to  a  mixture  of  the  ketone  (2-5  grams),  dissolved  in  warm 
benzene,  and  the  mereaptan  (I  gram).  The  solution,  when  cold, 
deposits  a  solid  which  is  almost  insoluble  in  alcohol,  but  dissolves  in 
boiling  glacial  acetic  acid,  and,  on  cooling,  crystallises  in  colourless 
needles  which  melt  at  204—205°. 

0-2000  gave  06022  CO.,  and  01005  U.p.     C  =  821 2  ;  H - 558. 
C27H2.PS  requires  C  =  82-23  ;  11  =  5  58  per  cent. 

The  solution  of  this  substance  in  concentrated  sulphuric  acid  is 
yellowish-red. 

Ethyl  Pheni/lthiolbenzi/lbettzoi/lacetate, 
C«H,-CH(S-Cyi,)-Cll(C0-C^H5)-C0/C.^Hj,. 

Heat  is  develoj>ed  on  adding  3 — 4  drops  of  piperidine  to  a  mixture 
of  ethyl  benzoylacetate  (2  5  grams),  dissolved  in  benzene,  and  phenyl 
mereaptan  (1  gram).  The  solution,  which  remains  clear  after  being 
left  overnight,  is  treated  with  light  petroleum,  when  a  white  solid 
is  precipitated.  This  crystallises  from  alcohol  in  bunches  of  colourless 
needles,  which  melt  at  100 — 101**  and  dissolve  in  cold  concentrated 
sulp}iuric  aciil,  forming  a  yellowish-red  solution. 

0-2013  gave  05439  COj  and  0-1020  H3O.     C  =  73-68  ;  H-5-65. 
C24H22O3S  requires  C  =  7384 ;  H  =  5-64  per  cent. 

Methyl  j3-2^henylthiol-y-benzylidenepropyl  Ketone, 
CeH5-CH:CH-CH(S-CaHi)-CH./C0-CHs. 

Posner  (Ber.,  1904,  37,  509),  in  recording  the  experiments  of  his 
{•upil,  S.  Werner,  stated  that  under  the  influence  of  hydrogen  chloride 
mercaptans  reacted  with  cinnamylideneacetone  to  form  oils,  which,  on 
t)xidation,  yielded  disiilphones.  I  have  not  studied  the  action  of 
potassium  })enimugauate  on  the  substances  which  are  produced  by  the 
union  of  mercaptans  with  this  di-olefinic  ketone,  because  Professor 
Posner  proposes  to  re-examine  the  results  at  which  his  pupil  arrived. 
I  have  only  ascertained  that  the  behaviour  of  phenyl  mereaptan 
towards  cinnamylideneacetone  is  analogous  to  the  reaction  of  mercap- 
tans with  cinnamylideneivcetophenone,  and  under  the  influence  of 
piperidine  takes  up  1  molecule  only  of  the  mereaptan.  The  ketone 
(3  grams)  dissolves  in  phenyl  mereaptan  (2  grams)  on  slightly  warm- 
ing ;  the  solution,  when  tieated  with  a  few  drops  of  piperidine,  turns 
red  and  solidifies  after  a  short  time.  The  solid  dissolves  in  hot  light 
petroleum,  and,  on  cooling,  gradually  crystallises  in  colourless  prisms, 
which  are  readily  soluble  in  alcohol  and  melt  at  53 — 54"^. 
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0-2009  gave  0-5637  COg  and  0-1153  H2O.     0  =  7652;  H  =  6-40. 

0-2015     „     0-5646  CO2    „     0-1162  H2O.     0  =  76-41  ;  H  =  640. 

CjgHjgOS  requires  0  =  76-60  ;  H  =  6-38  per  cent., 

whilst   the   additive    compound    with    2    mols.    of    the    mercaptan, 
C2iH2^0S2,  requires  0  =  73-46  ;  H  =  6-12  per  cent. 

The  compound  dissolves  in  concentrated  sulphuric  acid,  yielding  a 
deep  red  solution,  as  do  the  additive  products  of  cinnamylideneaceto- 
phenone  with  mercaptans. 


Tlie  Union  of  Mercajitans  loith  Ginnamylidenebenzylideneacetone. 

The triolefinic  ketone,  0,jH.-CH:CH-OH:OH-CO-OH:OH-O^Hj„  pre- 
pared after  Scholtz's  directions  {Ber.,  1896,  29,  614),  readily  unites 
with  1  mol.  of  phenyl  mercaptan,  as  well  as  tsoamyl  mercaptan,  to 
form  additive  products,  which  may  be  represented  either  by  the 
formula  CeH--OH:OH-OH(SR)-OH2-CO-Cn:OH-0,iH5  or 
0(iH5-CH:CH-OH:CH-CO-OH,-OH(C6H^)-SR 
(R  denoting  OgH^  or  O^Hj^). 

The  additive  compound  with  n'soamyl  mercaptan  is  best  obtained  by 
adding  a  few  drops  of  an  alcoholic  solution  of  sodium  ethoxide  to  the 
mixture  of  the  tri-olefinic  ketone  (2-5  grams)  dissolved  in  alcohol  and 
the  mercaptan  (1  gram).  The  solid  which  separates  after  a  short 
time  is  very  soluble  in  benzene  or  chloroform,  less  so  in  alcohol,  and 
ci-yhtallises  from  light  petroleum  in  faintly  yellow  needles  which  melt 
at  69—70°. 

01654  gave  0-4808  CO2  and  01151  HgO.     0  =  79-22;  H  =  7-73. 
C24H28OS  requires  0  =  79-12  ;  H  =  7-69  per  cent. 

The  solution  of  this  substance  in  cold  concentrated  sulphuric  acid  is 
magenta-coloured. 

The  union  of  phenyl  mercaptan  with  cinnamylidenebenzylidene- 
acetono  has  been  effected  by  mixing  the  ketone  (2  3  grams),  dissolved 
in  benzene,  with  tlio  mercaptan  (1  gram)  and  adding  4 — 5  drops  of 
diethylamine.  After  a  few  minutes,  a  solid  separates,  and  in  the  course 
of  2  hours  the  whole  mixture  sots  to  a  semi-solid.  The  additive  com- 
pound is  very  sohiblo  iu  chloroform,  with  difficulty,  however,  in  cold 
alcohol  or  benzene,  and  crystallises  from  the  latter  solvent  in  nearly 
colourletis  needles  which  melt  at  133 — 134°. 

0-2030  gave  06020  COj  and  01088  H3O.     C«  80-88  ;  11  =  5-95. 
0,^Ilg^08  requires  0  =  81  OH  j  11  =  5-94  per  cent. 

The  solution  of  this  comi)ouud   in   concentrated  sulphuric  acid  is 
duop  purple. 
Ou  using  au  exuosa  of  phenyl  mor^-aplaii,  1   h.ivu  obtaiuod  a  product 
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which  melts  indefinitely  at  1 27°,  and  which  is  a  mixture  of  the  ketone 
with  1  and  2  molecules  of  the  mercaptan.  I  have  tried  in  vain  to 
separate  it  by  fractional  crystallisation,  different  fractions  yielding,  on 
analysis,  numbers  intermediate  between  those  required  for  the  additive 
substances  with  1  and  2  mols.  of  the  mercaptan. 

a-Phenylthiol-(i-methoxyheiizoyhtijrene, 

C6Hj-C(S-o^h,,):gh-co-c«ii^-o-c;H3. 

Methoxybenzoylphenylacetylene,  CgHj-CiC'CO'CgH^'O'CHg,  which 
Stockhausen  and  Gattermano  {Ber.,  1892,  25,' 3538)  prepai-ed  by  the 
fiction  of  aluminium  chloride  on  a  mixture  of  phenylpropiolyl  chloride 
and  anisole,  has  since  been  studied  by  E.  R.  Watson  (Tmns.,  1904,  86, 
1324),  who  showed  that  it  formed  additive  compoundti  with  various 
organic  bases.  Mercaptans  also  readily  unit«  with  the  acetylenic 
ketone,  but  as  yet  I  have  examined  only  the  additive  product  with 
phenyl  mercaptan.  This  is  formed  by  mixing  the  ketone  (2  grams), 
dii^solved  in  benzene,  with  the  mercaptan  (1  gram)  and  adding  a  few 
drops  of  piperidine.  Heat  is  developed,  and  the  yellow  solution,  which 
remains  almost  clear  on  mixing  with  light  petroleum,  yields  a  solid,  which 
crystallises  from  alcohol  in  yellow  plates.  Thase  melt  at  121  — 122°  and 
lissolve  in  concentrated  sulphuric  acid,  forming  a  deep  red  solution. 

0-2005  gave  05600  CO.^  and  00944  H.,0.     C  =  7617  ;  H  =  5-23. 
C.^^jHjgO^S  requires  C  =  76  30  ;  H  =  5*20  per  cent. 

4  -Phenylthiolbenzyl- 1  ■j)henyl-3-metfiylpyrazol-6-one, 

W    5^^Co-CH(C,H5)-S-CeH/ 

Benzylidenephenylmethylpyi-azolone  (2 '2  grams),  when  dissolved  in 
benzene,  readily  reacts  with  phenyl  mercaptan  (1  gram)  even  without 
the  use  of  a  ca.talytie  agent  (see  Knorr,  Annalen,  1887,  238,  179). 
The  deep  red  colour  of  the  solution  i-apidly  fades,  and  in  the  course  of 
a  day  deposits  a  white  solid ;  this  increases  in  quantity  on  adding 
light  petroleum,  but  at  the  same  time  an  oil  is  precipitated  which 
converts  the  solid  into  a  pasty  pro<luct.  Its  solution  in  hot  dilute 
alcohol,  on  cooling,  yields  colourless  needles  which  melt  at  140^  to  a 
red  liquid. 

02019  give  0-5490  CX)^  and  00993  UjO.     0  =  7415  ;  H=5-46. 
0-2168     „     14-3  c.c.  moist  nitrogen  at  19°  and  764  mm.     N  =  7  62. 
C^glL^oONgS  requires  C  -  7415  ;  H  =  546  ;  N  =  752  per  cent. 

The  solution  of  this  substance  in  boiling  alcohol  is  red,  but  on 
cooling  it  becomes  light  yellow ;  cold  concentrated  sulphuric  acid 
dissolves  the  compouud,  yielding  a  dee]'  red  solution. 


468  DIXON   AND   HAWTHORNE 


Action  of  Phenyl  Mercaptan  on  Benzylidenejyhenylazlactone. 

The  condensation  of  aldehydes  with  hippuric  acid  has  been  carefully 
studied  by  E.  Erlenmeyer,  jun.  For  the  preparation  of  the  compound 
which  is  formed  from  benzaldehyde  and  hippuric  acid,  1  have  followed 
his  directions  [Annalen,  1893,  275,  3),  and  in  examining  its  behaviour 
towards  phenyl  mercaptan  I  have  ascertained  that  it  forms  an  additive 
product  with  2  mols.  of  the  mercaptan.  As  has  been  stated  in  the 
introduction  to  this  paper,  the  compound  is  probably  to  be  represented 
thus :  C^jH^-  CH2(S-C,iH5)-0(CO-S-C6H5)-NH-0O-C6H..  This  substance 
is  obtained  by  adding  a  few  drops  of  diethylamine  to  the  mixture  of 
equal  weights  of  benzylidenephenylazlactone  and  phenyl  mercaptan, 
dissolved  in  benzene,  when  after  about  half  an  hour  the  whole  sets  to 
a  semi-solid  mass  of  crystals.  These  are  sparingly  soluble  in  boiling 
alcohol,  more  readily  in  hot  benzene,  and  on  cooling  crystallise  from 
the  latter  solvent  in  colourless  needles  which  melt  at  156 — 157°. 

0-2012  gave  0-5292  COg  and  0-0908  H^.     C-71-73;  H  =  6-01. 
0-1965     „     5-2  c.c.  moist  nitrogen  at  15°  and  774  mm.     N  =  3-15. 
CgsHjgOjNSg  requires  0  =  71-64;  H  =  4-90  ;  N  =  2-99  per  cent. 

The  additive  compound  dissolves  in  cold  concentrated  sulphuric  acid, 
yielding  a  yellow  solution  which  gradually  darkens  and  finally  becomes 
deep  red. 

GONVILLE  AND   CaIUS  COLLEGE, 

Cambkidoe. 


LVIII. — The    2'autome7'ism  of  Acetyl  Thiocyanate. 

By  Augustus  Edward  Dixon  and  John  Hawthorne. 

It  is  now  fairly  well  established  that,  among  the  products  result- 
ing from  the  interaction  of  metallic  thiocyanates  with  various 
organic  acid  chlorides,  there  is  so  far  not  one  which,  if  placed  under 
suitable  conditions,  cannot  behave  as  thiocarbiniide. 

On  the  other  hand,  it  is  doubtful  if  any  acid  thiocarbimide  has 
yet  been  produced  from  which  it  is  impossible  to  obtain  indications 
of  tliiocyaiiic  character  (soo  Trans.,  1904,  85,  807).  In  a  few  cases, 
no  doul)t,  for  example,  that  of  benzoylthiocarljiniide,  PhCO-NOS, 
the  characters  are,  for  all  practical  purposes,  entirely  thiocarbimidic, 
the  substance,  which  is  moderately  easily  decomposed  by  contact 
witli  water,  yichling  therel)y  ikj  thiocyanic  acid  (Miquel,  Ann.  Chitn. 
I'ltijH..  1877,  [vj,   11,  302),  but  carb(jn  o.xysulphidu  instead.     Never- 
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theless,  even  from  this  well-defined  compound,  Wheeler  (Amer. 
Chein.  J.,  1901,  26,  349),  by  treating  the  alcoholic  solution  with 
sodium,  has  succeeded  in  obtaining  the  reaction  for  a  thiocyanato, 
and  he  records  experiments  by  T.  B.  Johnson,  from  which  it  appears 
that,  when  caused  to  interact  with  ethyl  sodiomalonate,  sodium 
formanilide,  and  other  sodium  derivatives,  the  NCS  group  is  with- 
drawn as  sodium  thiocyanate.  That  treatment  so  severe  as  this  is 
necessary  to  develop  its  thiocyanic  character  is  evidence  showing 
how  feebly  the  latter  is  retained :  it  may  be  added  that,  so  far  as 
is  known  at  present,  this  pronounced  tendency  to  exert  thio- 
carbimidic  functions  is  mainly,  if  not  entirely,  confined  among 
derivatives  of  the  form  K-CO'NC'S,  to  those  in  w;hich  the  hydro- 
carbon radicle,  R,  is  beuzenoid  in  nature.  If  R  is  aliphatic,  the 
ability  of  the  combined  NCS  group  to  unite  directly  with  various 
kinds  of  other  molecules  to  form  additive  compounds  is  often 
greatly  weakened,  and  in  certain  interactions  is  practically  lost, 
the  sulphuretted  group  now  entering  into  double  decompositions 
whereby  thiocyanic  acid  is  formed,  together  with  a  substituted 
amide. 

In  some  cases,  the  behaviour  of  the  CNS  group  appears  to  depend 
almost  entirely  on  what  material  is  allowed  to  interact  with  it : 
thus,  stearyl  thiocyanate  gave  with  benzylaniline  (Trans.,  1896, 
69,  1602)  more  than  95  per  cent,  of  the  theoretical  yield  of  stearyl- 
phenylbenzylthiourea  (supposing  it  to  be  purely  thiocarbimidic), 
and  with  other  bases  yields  of  90  per  cent,  and  upwards;  but  with 
ammonia  it  gave  practically  nothing  save  thiocyanic  acid  and 
stearamide. 

For  want  of  a  better  term  the  power  whereby  these  acidic  deriv- 
atives yield  such  variable  products  has  been  called  "  tautomeric  " 
in  earlier  papers,  but  it  may  be  doubted  whether  the  word  "  tauto- 
merism,"  even  if  taken  in  a  wide  sense,  can  properly  be  made  to 
include  the  phenomena  mentioned  above.  As  used  by  van  Laar 
{Ber.,  1885,  18,  648),  it  implied  the  migration,  or  rapid  oscillation, 
of  a  relatively  light  atom  in  the  molecule,  the  configuration  of 
which  thus  became  temporarily  modified ;  such  a  movement  about 
the  SCN  nucleus,  however,  can  scarcely  be  postulated,  consistently 
with  stable  equilibrium,  for  a  group  like  stearyl,  considering  that 
the  former  is  nearly  five  times  as  heavy  as  the  latter. 

But  if  the  radicle  of  the  acid  cannot  be  supposed  to  move  round 
the  CNS  group,  it  is  difficult  to  understand  how  this  may  exhibit 
alternative  behaviour  as  -NCS  or  as  -SCN,  unless  on  the  hypothesis 
that  this  whole  atomic  complex  itself  can  oscillate  in  such  a  way 
as  to  present  either  the  nitrogen  or  the  sulphur  to  the  carbon  of 
the  carbonyl   group.     And   if   such   an   oscillation   is  suggested  to 
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explain  the  observed  results,  the  process  may  perhaps  be  designated 
"  tautomeric "  in  so  far  as  it  implies  a  temporary  displacement  of 
parts  within  a  molecule,  otherwise  unchanged,  but  it  no  longer 
includes  the  notion  of  something  very  light  as  compared  with  the 
whole  mass,  the  mobility  of  which  from  point  to  point,  without 
disturbing  or  destroying  the  general  equilibrium,  is  dependent  on 
that  relative  lightness. 

Before  proceeding  to  account  for  the  phenomena  referred  to  by 
inventing  still  another  kind  of  intramolecular  movement,  it  is 
reasonable  to  inquire  whether  the  results,  as  well  as  others  whicli 
have  recently  been  observed,  cannot  be  explained  in  terms  of  hypo- 
theses already  existing. 

Two  forms  of  isomerism  are  well  known  which  seem,  at  first 
sight,  to  present  more  or  less  similarity  to  that  now  under  considera- 
tion; they  are  (i)  that  of  the  nitrites  with  the  nitro-compounds, 
and  (ii)  that  subsisting  between  the  isocyanides  and  the  uitriles. 
Beyond  the  fact,  however,  that  in  class  (i)  a  given  metallic  nitrite 
is  able  to  produce  both  forms  simultaneously,  there  appears  to  be 
little  in  common  between  this  isomerism  and  that  of  the  thio- 
carbimides  and  thiocyanates,  and  it  is  not  further  considered  here. 

On  the  other  hand,  the  isomerism  of  the  cyanides  and  isocyanides 
presents,  superficially  at  least,  a  good  deal  of  resemblance  to  that 
of  the  thiocyanates  and  isothiocyanates ;  the  nature  of  this  analogy 
is  indicated  below. 

(i)  Metallic  cyanides,  by  interaction  with  organic  haloids,  yield 
sometimes  nitriles,  sometimes  *socyanides,  and  frequently  both 
together;  metallic  thiocyanates  give  rise  to  thiocarbimides  or  to 
thiocyanates,  and  occasionally,  it  would  seem,  to  mixtures  of  both. 

(ii)  ?«oCyanides  show  some  tendency  to  pass,  at  high  tempera- 
ture, into  the  isomeric  normal  cyanides;  in  like  manner,  the  hydro- 
carbon thiocyanates  are  sometimes  convertible  into  thiocarbimides. 

(iii)  The  above  change  (ii),  when  once  definitely  effected,  appears 
to  be  permanent. 

(iv)  The  tendency  of  nitriles  is  to  change  principally  through 
the  addition  of  molecules,  whereas  the  jsocyanides  tend  during 
interaction  to  decompose;  with  thiocarbimides  and  thiocyanates, 
respectively,  the  like  is  true,  as  a  general  rule. 

(v)  Pure  nitriles  are  reputed  to  have  a  not  unpleasant  odour, 
whilst  the  taocyanides  arc  very  foul-smelling;  the  odour  of  thio- 
carbimides is  sharp,  but  not  disagreeable,  whilst  the  isomeric  thio- 
cyanates have  often  a  very  offensive,  garlic-like  smell. 

There  are  a  good  many  other  points  of  rcscml)lancc,  besides  those 
•et  forth  in  the  foregoing  list,  but  the  analogy  is  not  perfect  in 
every  doiail,  and  must  not  bo  pressed  too  far;  the  boiling  points. 
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for  instance,  of  the  nitriles  lie  above  those  of  the  f«ocyanides, 
whereas  the  thiocarbimides  boil  at  lower  temperatures  than  the 
isomeric  thiocyanates. 

Our  knowledge  of  the  relations  subsisting  between  the  normal 
and  iso  cyanogen  compounds  has  been  summed  up  by  J.  Wade  in 
a  paper  on  the  constitution  of  the  metallic  cyanides  (Trans.,  1902, 
81,  1596),  wherein  he  shows  that  the  production  of  nitrile,  as  well 
as  isocyanide,  during  the  interaction  between  metallic  cyanides  and 
organic  haloids  cannot  adequately  be  explained,  either  by  the 
hypothesis  of  isomeric  conversion  (of  initially  formed  laocyanide 
into  nitrile)  or  by  the  hypothesis  of  tautomerism,  in  van  Laar's 
sense,  of  the  metallic  cyanide  used,  but  is  intelligible  on  the  suppo- 
sition that  additive  compounds  are  first  formed  from  a  metallic 
?socyanide,  and  are  subsequently  decomposed.  In  this  way,  the 
production  of  propionitrile  from  potassium  wocyanide  can  be  ex- 
plained : 

(i)  K-N:C   -I-    EtI    =    K-NICIEt. 
(ii)  K-N:CIEt   =    KI    +   NiCEt. 

In  this  paper  he  conjectures  also  that  the  additive  hypothesis 
might  sei*ve  to  explain  the  production  of  methyl  wocyanate  from 
silver  cyanate  without  its  being  necessary  to  suppose  that  the  silver 
is  in  direct  union  with  the  nitrogen : 

AgO-CN   +   Mel   =   AgO-Ci:NMe  =   Agl   -i-  0:c:NMe. 

However  this  may  be  as  regards  oxygen  compounds,  it  can 
scarcely  explain  the  formation  of  the  corresponding  sulphur  deriva- 
tives, for  amongst  saturated  hydrocarbon  haloids  it  is  very  rarely 
that  a  thiocarblmide  is  produced  by  interaction  with  a  metallic 
thiocyanate,  and  in  the  case  of  unsaturated  alkylogens  the  change 
from  a  thiocyanate,  first  formed,  into  a  thiocarbimide  can  easily 
be  followed.  Wheeler,  in  fact,  has  gone  so  far  as  to  lay  down  the 
principle,  that  in  no  case  is  a  true  thiocarbimide  initially  produced 
by  interaction  with  a  metallic  thiocyanate,  but  that,  when  one  does 
appear,  it  originates  indirectly  through  the  isomeric  rearrangement 
of  the  corresponding  thiocyanate. 

In  the  case  of  acidic  derivatives,  namely,  those  containing  the 
group  R'CO,  or  the  group  R*0'CO,  it  is  different,  because,  as 
mentioned  earlier,  the  product  of  the  interaction  invariably  has 
the  power  to  behave  as  thiocarbimide.  This  power,  it  may  here  be 
noted,  is  not  one  which  grows  on  keeping,  or  is  developed  by  heat ; 
it  is  manifested  at  once,  as  soon  as  any  interaction  has  taken  place, 
and  can  occasionally  be  observed  in  solutions  which  have  never  been 
warmed,  or  allowed  to  become  warm  through  interaction  (compare 
Doran,  Trans.,   1901,  79,  907).     So  far  as  concerns  the  products 
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derivable  from  aliphatic  acids,  the  additive  hypothesis  will  not 
cover  all  the  facts  necessary  for  CNS  combinations,  because  it  does 
not  explain  why  a  given  compound  of  this  class,  when  already  pre- 
pared, may  act  with  one  base  as  R'CO'NCS,  and  with  another  as 
R- CO- SON. 

From  the  fact  just  mentioned,  it  seems  reasonable  to  conclude 
that  the  diiferences  in  behaviour  of  such  acidic  "  thiocarbimides  " 
or  "  thiocyanates  "  are  conditioned  neither  by  isomeric  conversion 
of  a  substance  initially  formed  nor  by  ordinary  tautomerism  (even 
if  such  were  admissible)  of  the  parent  metallic  salt;  neither  can 
the  additive  hypothesis  explain  variability  of  function  in  its  own 
product.  There  seems,  in  fact,  to  be  no  escape  from  the  view, 
already  propounded  definitely  by  one  of  us  (Trans.,  1901,  79,  541), 
that  there  may  exist  in  the  so-called  "  thiocyanates  "  of  certain 
electro-negative  radicles  the  capacity  to  behave  either  as  such  or 
as  thiocarbimides,  according  to  the  conditions  under  which  they 
are  caused  to  interact. 

Whether  this  alternative  behaviour  of  the  CNS  group  is  potential 
in  the  group  itself,  or  whether  the  power  to  assume  one  or  other 
form  is  somehow  conditioned  by  the  chemical  nature  of  the  other 
substance  presented  for  interaction,  was  still  uncertain,  when  a 
chance  observation,  made  in  this  laboratory  by  the  late  R.  E.  Doran, 
led  to  the  discovery  that,  in  one  interaction  at  least,  the  power 
of  the  sulphuretted  acidic  compoiind  to  act  as  thiocarbimide  or  as 
thiocyanate  is,  for  all  practical  purposes,  dependent  neither  on 
the  contained  sulphur  radicle  nor  on  the  chemical  nature  of  the 
molecule  presented  to  it,  but  is  simply  a  function  of  the  temperature 
at  which  interaction  is  caused  to  occur.  The  particular  case  referred 
to  is  that  where  Miquel's  "acetyl  thiocyanate"  and  aniline  are  ' 
mixed  together  in  presence  of  dry  benzene :  if  the  mixture  is  made 
at  the  boiling  point  of  the  solutions,  the  constituents  unite,  in  the 
main,  to  form  acetylphenylthiocarbamide, 

CHg-CO-NCS   +   C^H^-NHj  =   CHj-CO-NH-CS-NH-C^Hj, 

whereas,  if  they  are  brought  into  contact  near  the  freezing  point 
of  water  but  little  thiocarbamide  is  formed,  the  materials  under- 
going instead  a  double  decomposition,  thus : 

CHa'CO-SCN   +   Cyr.-NHj  -   CIVCO-NU-C^H,   +   II-SCN. 

A  paper  setting  forth  those  results,  and  describing  briefly  the 
methods  whereby  tlicy  wore  attained,  has  recently  boon  ])ublished 
(Trans.,  1905,  87,  ',VM).  Unhappily,  the  work  had  scarcely  passed 
the  stage  of  mere  preliminary  cxpciiiiiL-iit,  when  it  was  terminated 
by  Doran's  early  death. 

As  tho  oxporimcntal  mctliods  adopted  in  Ihcbc  preliminary  trials  . 
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were  capable  of  affording  only  very  rough  approximations  to  the 
actual  values,  we  have  undertaken  to  pursue  the  study  further, 
with  especial  reference  to  the  more  precise  determination  of  the 
weights  of  thiocarbamide  and  of  thiocyanic  acid  produced,  and  to 
the  maintenance  of  more  uniform  temperatures  during  the  inter- 
actions. So  far,  we  have  examined  only  the  aniline-acetyl-"  thio- 
cyanate  "  system. 

K.\l'tKl  MENTAL. 

The  acetyl  thiocyanate  was  usually  prepared  by  warming  on  the 
water-bath,  in  a  reflux  apparatus,  a  mixture  of  pure  acetyl  chloride, 
excess  of  lead  thiocyanate,  and  benzene,  toluene,  or  xylene,  carefully 
dried  over  sodium;  when  interaction  was  complete,  the  liquor  was 
filtered  off  at  the  pump  and  used  without  delay,  because  the  pro- 
duct soon  changes,  becoming  reddish-brown,  and,  later  on,  dark  and 
turbid.  In  some  cases,  the  thiocyanate  itself  was  first  isolated 
according  to  Miquels  directions  (Joe.  eit.),  further  purified  by  one 
or  more  rectifications,  and  then  diluted  with  one  of  the  above- 
mentioned  solvents:  no  difference  of  any  account  was  observed  in 
the  results  when  using  such  material,  except  that  somewhat  larger 
total  yields  were  obtained  than  where  the  first  process  was  em- 
ployed, the  deficiency,  when  starting  from  acetyl  chloride,  arising 
probably  through  a  slight  loss  of  this  substance  by  volatilisation. 
Incidentally,  it  may  be  noted  that  the  boiling  point  of  acetyl  thio- 
cyanate lies  slightly  above  the  temperature  (132 — 133°)  given  by 
Miquel,  a  sample  thrice  distilled  boiling  at  about  134  5°. 

The  aniline  used  was  prepared  from  the  sulphate,  and  when  freed 
from  water  and  redistilled,  the  boiling  point  of  a  litre  varied  by 
less  than  1°  throughout  the  distillation. 

In  each  experiment,  whether  ready-formed  acetyl  thiocyanate 
was  employed  or  that  prepared  in  solution  from  the  chloride,  the 
amount  taken  was  always  about  5  05  grams,  and  the  volume  of 
solvent  was  kept  approximately  constant,  being  about  50  to  80  c.c, 
except  in  a  few  cases  at  low  temperature,  where  the  bulk  was  in- 
creased. When  operating  at  medium  temperatures,  the  process  was 
conducted  by  charging  a  stoppered  burette  with  a  mixture  of  9  3 
grams  (2  mols.)  of  aniline  with  10  c.c.  of  solvent,  and  dropping  the 
liquid  slowly  into  the  solution  of  the  thiocyanate,  contained  in  a 
flask,  surrounded  by  water  at  the  required  temperature,  and  kept 
constantly  in  motion,  with  a  view  to  preclude  local  accumulation 
of  the  base.  A  thermometer  with  small  bulb  was  immersed  in  the 
contents  of  the  flask,  and  the  rate  of  introduction  of  the  aniline 
was  so  regulated  that  the  variation  of  temperature  of  the  reagents 
rarely  exceeded  1°.  Any  considerable  excess  of  aniline  was  found 
to  render  the  products  oily  and  difficult  to  handle;  therefore  its 
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admission  was  stopped  when  the  free  base  could  be  detected  in  the 
solution. 

At  low  temperatures,  the  water-bath  is  replaced  by  a  suitable 
cooling  mixture,  and  the  aniline  solution  is  run  in  from  a  pipette, 
the  bulb  of  which  is  immersed  in  ice  and  salt.  Combination 
occurs  vigorously,  with  development  of  much  heat,  so  that  caution 
is  necessary  in  mixing :  forty-five  minutes  is  little  enough  to  allow 
for  the  saturation  of  5  grams  of  thiocyanate,  and  the  base  must 
be  added  uniformly,  as  well  as  slowly,  for  otherwise  the  heat  evolved 
locally  may  bring  about  very  inaccurate  results — in  fact,  a  number 
of  our  earlier  experiments,  made  before  the  necessity  for  slowness 
in  working  had  been  appreciated,  were  so  discordant  as  to  be 
■worthless. 

At  the  higher  temperatures,  from  70°  upwards,  the  danger 
from  local  overheating  becomes  less  marked,  since  the  products  tend 
to  remain  dissolved  in  the  hot  liquid,  instead  of  separating  out  as 
a  paste;  but  other  difficulties  now  arise.  In  the  first  place,  the 
rate  of  change  of  function  of  acetyl  thiocyanate  becomes  much  more 
rapid,  so  that  a  comparatively  small  error  in  the  maintenance  of 
the  temperature  of  interaction  exerts  a  relatively  great  influence  on 
the  proportions  of  the  products :  in  the  second  place,  hydrogen 
sulphide  is  evolved,  thereby  withdrawing  a  portion  of  the  sulphur 
from  the  system;  and  thirdly,  aniline  thiocyanate  tends  at  high 
temperatures  to  undergo  isomeric  change  into  phenylthiourea.  Of 
these  difficulties  the  first  can  obviously  be  met  by  precision  in  the 
establishment  of  the  temperature,  but  unfortunately  this  cannot 
well  be  secured  in  most  cases,  save  by  compelling  gradual  inter- 
action, and  slowness  is  a  condition  incompatible  with  the  avoidance 
of  the  other  troubles.  As  it  seemed  most  important  to  avoid  the 
loss  of  essential  material,  or  the  conversion  of  one  of  the  two  sub- 
stances, the  proportions  of  which  were  under  measurement,  into  the 
other  (thiocyanate  into  thiocarbamide),  we  have  worked  as  quickly 
as  possible  at  the  highest  temperatures,  rapidly  cooling  the  pro- 
ducts as  soon  as  the  mixture  was  completed ;  in  these  circumstances, 
no  considerable  loss  of  hydrogen  sulphide  occurs,  and  the  amount 
of  isomeric  change  undergone  by  aniline  thiocyanate  in  the  course 
of  a  few  seconds  (or  even  of  minutes)  is  probably  of  small  account. 
But  in  such  cases,  the  measurement  of  temperature  was  not  exact  to 
within  a  few  degrees. 

At  the  highest  tcnij)ora<uros,  a  clear  liquid  results,  from  which, 
as  it  cools,  a  cry.siallino  iiiush  is  dopositod;  at  low  temperatures,  a 
precipitate  forms  at  once,  which  either  is  solid,  or  else  solidifies 
dtiring  tlic  slow  course  of  the  interaction.  When  working  at  inter- 
mediate temperatures— say  from  10°  to  70° — an  oil  separates,  even 
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although  all  the  materials  are  very  carefully  dried;  but  in  such 
cases,  if  the  mixture  is  cooled  and  shakeu  for  a  while,  the  oil 
presently  granulates,  and  then  can  be  dealt  with  easily.  An  equal 
volume  (but  not  more)  of  light  petroleum  is  slowly  added,  and  the 
mixture  allowed  to  remain,  preferably  for  not  less  than  an  hour, 
without  access  of  moisture;  then  the  liquor  ia  drawn  off  at  the 
pump,  the  residue  washed  with  a  mixture  of  benzene  and  light 
petroleum  in  equal  volumes,  and  finally  with  light  petroleum  alone. 
The  main  residue  is  powdered,  dried  for  many  hours  at  a  gentfo 
heat,  and  weighed :  the  liquor,  when  evaporated  at  the  atmospheric 
temperature,  leaves  a  trilling  amount  of  solid,  together,  perhaps, 
with  a  little  aniline;  the  latter  can  be  removed  by  treatment  with 
a  few  c.c.  of  the  benzeue-ligroiu  mixture  and  subsequent  washing 
with  ligroin.  Tiie  weight  of  solid  thus  obtained  is  generally  in- 
significant, amounting  to  one-  or  two-tenths  of  a  gram  in  100  c.c. 
of  liquor. 

A  nail/ sis  of  the  Products. — By  the  method  just  described  the 
products  were  resolved  into  two  parts,  (i)  the  material  which 
separated,  and  (ii)  the  soluble  portion  recovered  from  the  mixture 
of  hydrocarbon  solvents.  Of  the  total  weight  obtained,  the  former 
constituted,  on  the  average,  about  97  per  cent.,  and  consisted  of 
acetylphenylthiocarbamide,  together  with  aniline  thiocyanate  and 
acetanilide;  the  latter  contained  thiocarbamide  and  anilide,  but  no 
measurable  amount  of  thiocyanate. 

After  drying  the  main  crop  to  a  constant  weight,  the  whole  was 
ground  up  with  water  and  washed  on  a  filter  with  successive 
quantities  of  cold  water,  until  the  washings  ceased  to  give  any  red 
coloration  with  ferric  chloride;  the  filtrate  was  then  made  up  to 
250  c.c,  further  diluted,  if  necessary,  to  one-eighth  of  the  original 
strengtli,  and  the  contained  thiocyanic  acid  determined  by  Barnes 
and  Liddle's  method,  using  sodium  hydrogen  sulphite  and  standard 
copper  sulphate,  with  potassium  ferrocyanide  as  indicator.  The 
weight  of  aniline  thiocyanate  was  calculated  as  a  percentage  of  the 
joint  total  yield,  and,  since  the  amount  of  acetanilide  formed  i« 
conditioned  by  that  of  the  aniline  salt,  the  sum  of  the  two  was 
calculated  also  as  a  percentage  of  the  total  product. 

In  well  conducted  experiments,  the  residue  after  extraction  by 
water  was  pure  white,  or  nearly  so ;  it  was  collected,  dried  by  pro- 
longed gentle  heating,  and  weighed :  it  could  consist  either  of 
acetanilide  alone,  of  acetylphenylthiocarbamide,  or  of  a  mixture  of 
both. 

As  a  means  of  determining  the  proportion  of  thiocarbamide 
present,  a  weighed  quantity  of  this  residue  in  alcoholic  solution 
was    boiled    with    excess    of   iV/10    silver    nitrate    in    presence    of 
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ammonia,  the  precii^itated  sulphide  filtered  off,  and  the  amount  of 
residual  silver  measured  by  Volhardt's  method,  using  standard 
ammonium  thiocyanate.  Test  experiments,  made  with  j^ure  acetyl- 
phenylthiocarbamide,  gave  sharply  quantitative  numbers,  and  on 
repeating  with  a  mixture  of  this  substance  with  its  own  weight  of 
pure  acetanilide,  the  method  proved  equally  satisfactory,  and  was 
therefore  adopted. 

Acetylphenylthiocarbamide  is  not  quite  insoluble  in  water,  and 
hence  a  little  passed  into  solution  in  the  water  used  for  extracting 
the  aniline  thiocyanate ;  its  amount  was  determined  by  precipitating 
a  known  bulk  of  the  solution,  heated  previously  to  boiling,  with 
ammonia  and  silver  nitrate,  and  treating  the  precipitate  alternately 
with  boiling  water  and  warm  ammonia  until' silver  sulphide  alone 
was  left;  the  residue  was  then  dried,  weighed,  and  calculated  as 
acetyljohenylthiocarbamide.  Another  method,  adopted  in  cases 
where  the  quantity  of  thiocyanate  was  small,  consisted  in  treating 
the  solution  with  excess  of  standard  silver  nitrate  in  presence  of 
ammonia,  acidifying  with  dilute  nitric  acid,  filtering,  and  deter- 
mining the  residual  silver  nitrate ;  by  deducting  from  the  total  silver 
absorbed,  that  required  to  form  thiocyanate,  the  difference  indicated 
the  thiocarbamide.  Naturally,  the  quantity  of  dissolved  thio- 
carbamide  varied  somewhat  in  different  extracts,  the  highest  and 
the  lowest  of  half  a  dozen  determinations  being  0-2  and  008  re- 
spectively, and  the  average  about  014  gram :  the  number  being  so 
small,  compared  with  the  total  amount  of  products,  it  was  not  con- 
sidered necessary  to  measure  it  in  every  case. 

From  the  hydrocarbon  solvents,  after  eva2:)oratiou  and  removal  of 
the  surplus  aniline,  little  was  obtained,  the  precipitation,  if  the 
time  of  standing  with  light  petroleum  was  not  too  short,  being 
nearly  complete.  On  the  average,  less  than  0-4  gram  was  recovered 
from  the  solvents,  and  of  this  residue,  one-fourth,  or  thereabouts, 
consisted  of  thiourea,  the  amount  of  which  was  determined  either 
by  the  production  of  silver  sulphide  or  else  by  the  direct  volu- 
motric  method  described  above.  Practically,  it  may  be  reckoned 
that  nearly  01  gram  of  acetylphenylthiocarbamide  remains  dissolved 
in  each  100  c.c.  of  solvents :  in  most  of  our  experiments,  this  would 
represent  less  than  one  per  cent,  of  the  total  weight  of  products 
obtained. 

Since  the  preparations  were  conducted  under  nearly  uniform 
conditions,  save,  of  course,  as  regards  temperature  (and  occasionally, 
the  degree  of  dilution),  and  the  method  of  working  has  already 
been  set  forth  in  general  terms,  it  is  unnecessary  to  describe  the 
cxpcrinieiitH  in  detail.  Tlio  results  are  summarised  in  the  following 
tabic,  wliicji  hhowH,  for  each  temperature: 
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(i)  The  total  quantity  of  acetylphenylthiocarbamide  found  by 
analysis,  namely,  that  in  the  main  product  after  removal,  by  treat- 
ment with  water,  of  the  admixed  aniline  thiocyanate;  that  in  the 
aqueous  extract;  and  that  obtained  from  the  hydrocarbon  solvent*. 

(ii)  The  weight  of  aniline  thiocyanate,  determined  by  the  process 
of  Barnes  and  Ijiddle,  contained  in  the  aqueous  extract. 

(iii)  The  weight  of  acetanilide  calculated  from  (ii),  on  the  prin- 
ciple that,  for  each  mol.  of  thiocyanic  acid  found,  one  mol.  of 
acetanilide  is  present : 

Ac-SCN   +   PhNH^   =   K&CS   +   Ac-NIIPh. 

(iv)  The  sum  of  the  above  weights,  and 
(v)  The  total  weight  of  mixed  products  actually  obtained. 
Nos.  (vi),  (vii),  (viii)  show  the  relative  amounts  of  acetylphenyl- 
thiocarbamide, aniline  thiocyanate,  and  aniline  thiocyanate  +  acet- 
anilide respectively;  these  numbers  are  calculated,  each  as  a  per- 
centage of  (v),  that  is,  of  the  total  quantity  of  mixed  products 
determined  by  direct  weighing. 

AboTe 
Temi>cratiire  ...     -12°,      10'.     30°.      50\      72'.      87'.     102.     1 1 »'.    114". 
(i)  Weiglit  of 

CSNjHjAcPh  ...     0-58    070    092     1  57    364    iSO    704     720    801 
(ii)  Weight  of 

rhNH.i,HSCN...     6-38     .^-27     r.  •"      "--      '"-     •• '-o     1C2     OT.l     O'll 
(iii)  Weight  of 

AcNHPh    calcu- 
lated from  (ii)  ...     f.-66     4-6S     4  oti     4-33     3  63     2-30     1-44     0-45     010 
(iv)  Sum   of  the  above 

weights 12-62  10-65  1082  10-77  11-14  1020  lO'lO    8  16     8-22 

(v)  Total   products  by 

direct  weighing..  1281  1081  10  88  1082  11-03  1000  1021     8  32     848 
(vi)  CSNalL^AcPh     per 

cent 4-5      65      85     14-5    33-0     53  0    690    865     945 

(vii)  PhN„,HSCN      per 

cent 49-8     488     482     450    360    260     150      6-1       IS 

(viii)  PhNH.^,HSCN  + 

AcNHPh jKMceut.  94-0    920     910     850     68-0    49-0    30-0     11-5       2-5 

Considering  the  rather  small  scale  on  which  these  experiments 
were  conducted,  no  very  great  precision  could  be  looked  for  in  the 
results,  which,  in  fact,  sometimes  differed  from  one  another  in 
duplicate  experime^its  at  a  given  temperature  by  several  units  per 
cent.;  where  any  material  discrepancy  arose,  the  process  was  re- 
peated (occasionally  three  or  four  times),  and  the  mean  taken  of  the 
most  concordant  numbers.  By  increasing  the  weight  of  thiocyanate 
employed  for  each  measurement  to  15  or  20  giams,  results  could 
probably  be  obtained  which  were  accurate  to  within  one  per  cent., 
provided  that  the  duration  of  mixing  was  proportionately  extended — 
say,  to  four  or  five  hours  at  any  temperature  below  50".  At  low 
temperatures  the  process  is  very  sensitive,  and  if  the  rate  of  mixing 
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is  hurried  or  irregular,  the  proportion  of  thiocarbamide  formed  at 
about  0°  may  increase  to  10  per  cent,  or  even  higher,  with,  of 
course,  a  corresponding  diminution  in  the  proportion  of  thiocyanate. 
Sometimes,  although  rarely,  notwithstanding  that  every  care  seems 
to  have  been  used,  perplexing  irregtilarities  occur;  for  example,  in 
one  experiment,  conducted  with  a  pure  sample  of  acetyl  thiocyanate 
at  —12°,  a  thermometer  immersed  in  the  pasty  mixture  showed 
a  variation  of  2°  at  most,  yet  the  yield  of  aniline  thiocyanate  + 
acetanilide  reached  only  87-5  per  cent. — that  is,  some  seven  .or 
eight  units  below  the  normal  amount. 


Curve  showing  the  influence  of  temperature  on  the  interaction  hctivecn  acetyl 
thiocyanate  and  aniline. 
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According  to  our  experience,  the  method  employed  for  the  deter- 
mination of  thiocyanic  acid  is  not  quite  accurate;  whatever  error 
arises  in  the  measurement  of  the  thiocyanic  acid  is  increased  by 
nearly  five  times  when  this  is  calculated  to  aniline  thiocyanate  +  acet- 
anilide: the  sum  could  amount  to  fully  2  per  cent.  We  always 
made  two  or  more  determinations  so  as  to  reduce  this  error. 

In  the  accompanying  curve,  against  the  temperature  (abscisste)  are 
plotted  as  ordinatcs  the  yields,  reckoned  as  percentages  of  the  total 
product,  of  (i)  acctylphonylthiocarbamide,  (ii)  the  aniline  thio- 
cyanate, (iii)  the  latter,  together  with  the  corresponding  (calculated) 
nrnount  of  acetanilide.  Curves  (i)  and  (iii)  are  praci  icully  identical 
in  wliape,  and  cut  one  anr)tlicr  at  about  87",  at  which  temperature 
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the  amounts  of  both  thiocarbamide  and  of  acetanilide  +  thiocyanate 
are  the  same,  namely,  50  per  cent.  It  should  be  added  that  in  the 
case  where  the  percentage  yields  are  plotted  against  120°  on  the 
curve,  the  temperature  was  not  measured :  these  numbers  represent 
the  results  of  a  single  experiment  made  with  a  specimen  of  pure 
distilled  acetyl  thiocyanate  in  commercial  xylene  at  a  temperature 
near  the  boiling  point  of  the  mixture.  Although  the  sum  of  the 
acetanilide  and  aniline  thiocyanate  was  only  2^  per  cent,  of  the 
total,  the  acetylphenylthiocarbamide  found  did  not  reach  the  ex- 
pected amount,  namely,  97 h  per  cent.,  the  number  obtained  being 
only  94^  per  cent. 

It  will  be  noticed  that  at  the  highest  temperatures  the  total 
amount  of  the  three  products,  as  determined  by  analysis  and 
referred  to  the  total  weight  of  material  actually  collected,  falls 
somewhat  short  of  100  per  cent.;  this  may  be  explained  partly  by 
the  fact  that  a  little  hydrogen  sulphide  escapes,  and  partly  through 
the  production  of  a  small  quantity  of  phenylthiourea ;  the  bitter 
taste  of  this  substance  could  be  detected  in  the  residues,  after  ex- 
traction by  water,  of  preparations  made  at  100°  and  upwards. 

The  maximum  amount  of  aniline  thiocyanate  obtained  in  any 
experiment  was  50  per  cent. ;  if  no  thiocarbamide  whatever  were 
formed,  but  the  SCN  group  produced  aniline  thiocyanate  quantita- 
tively, the  corresponding  number  would  be  53  per  cent.  In  some 
of  our  experiments,  the  residue  after  extraction  by  water  contained 
no  measurable  amount  of  acetylphenylthiocarbamide,  the  traces 
foi*med  being  distributed  between  the  aqueous  extract  and  the 
hydrocarbon  solvents,  but  in  no  case  was  it  entirely  absent. 

One  experiment,  made  to  test  a  special  point,  requires  individual 
mention.  Acetyl  thiocyanate,  while  undergoing  distillation  under 
the  ordinary  pressure,  is  subjected  to  a  somewhat  high  temperature 
(134 — 135°),  a  condition  which  might  dispose  it  towards  isomeric 
rearrangement  into  the  corresponding  thiocarbimide.  That  such 
change  does  not  occur,  at  least  to  any  material  extent,  is  evident 
from  the  facts  that  the  boiling  point  undergoes  no  change  by  re- 
peated distillation  of  the  substance,  and  that  the  distillate,  if  treated 
with  well-cooled  aniline,  yields  a  product  containing  less  than  one- 
twentieth  of  its  weight  of  acetylphenylthiocarbamide.  It  seemed 
possible,  however,  that  the  rate  of  conversion  of  thiocyanate  into 
thiocarbimide  might  be  so  slow  that  little  of  this  would  be  formed 
during  the  short  time  occupied  by  a  distillation;  whilst,  on  the 
other  hand,  the  prolonged  operation  of  mixing  with  aniline  might 
afford  sufficient  time  for  the  isomeride  to  be  produced.  If  so,  aniline 
thiocyanate  would  be  formed  at  first  and  the  acetylphenylthio- 
carbamide later  on,  and  if  the  rate  of  isomeric  change  increased 
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with  the  temperature,  the  observed  phenomena  would  be  explained. 
Such  a  hypothesis  does  not  harmonise  very  well  with  the  fact  that 
acetylphenylthiocarbamide  is  produced  abundantly  at  high  tem- 
peratures, even  when  the  time  of  interaction  is  reduced  to  a  few 
seconds;  but  these  quickly  conducted  experiments  (in  boiling 
toluene,  &c.)  were  not  performed  until  near  the  end  of  the  series, 
and  meanwhile  the  validity  of  the  above  conjecture  was  tested 
directly,  as  follows. 

One  preparation  was  effected  in  the  usual  way  at  50°,  the  j^roducts 
being  carefully  measured ;  another  experiment  was  now  carried  out, 
using  a  portion  of  the  same  sample  of  acetyl  thiocyanate,  and 
parallel  in  every  respect,  save  that,  before  treatment  with  aniline, 
the  acetyl  compound  was  kept  for  two  hours  at  the  temperature  of 
interaction,  namely,  50°.  Since  the  process  of  mixing  occupied 
nearly  three-quarters  of  an  hour  in  each  case,  the  entire  duration 
of  heating  in  the  latter  was,  roughly,  four  times  that  of  the  former, 
and  consequently,  if  isomeric  change  were  occurring  gradually  x;nder 
the  influence  of  heat,  the  total  yields  must  be  different,  and  the 
like  must  hold  for  the  relative  proportions  of  thiocyanate  and  of 
thiocarbamide. 

This,  however,  was  not  the  case :  the  total  yields  in  both  cases 
were  practically  the  same  (10-85  and  10-87  grams,  respectively) ; 
the  percentages  of  contained  thiocyanate  were  identical  (44),  whilst 
the  percentage  of  acetylphenylthiocarbamide  in  the  second  experi- 
ment, instead  of  being  increased,  was  somewhat  less  than  in  the 
first.  From  these  and  the  other  experiments  mentioned,  we  con- 
clude that  the  change  of  function  conditioned  by  change  of  tempera- 
ture in  acetyl  thiocyanate  when  this  interacts  with  aniline 
is  not  of  that  permanent  character  which  is  implied  by  the  term 
"  isomeric,"  but  is  purely  temporary,  varying  from  degree  to  degree 
according  to  the  temperature.  At  each  given  temperature 
within  wide  limits,  the  interaction  runs  a  definite  course,  which 
appears  to  be  determined  solely  by  the  existing  temperature,  and 
independent  of  previous  heating  or  cooling  of  the  thiocyanate. 

It  would  be  premature  at  this  early  stage  to  advance  a  definite 
opinion  as  to  the  cause  of  this  phenomenon :  in  one  way,  it  presents 
a  certain  analogy  to  dissociation,  save  that  here,  instead  of  a  com- 
pound breaking  to  a  greater  or  less  extent,  for  the  time  being,  into 
separate  groups,  a  kind  of  polarisation  may  be  conceived  to  occur, 
in  wliich,  with  rising  temperature,  the  sulphur  atom  of  the  SCN 
nucleus  tends  to  move  away  from  the  acetyl  residue,  and  the 
nitrogen  simultaneously  to  swing  round  towards  it,  but  without 
becoming  permanently  associated,  as  in  the  case  of  the  hydrocarbon 
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thiocarbimides,  and  other  members  of  the  true  thiocarbimidic 
class. 

The  outcome  of  the  present  investigation,  in  so  far  as  it  goes  to 
prove  that  Miquel's  acetyl  thiocyanate,  when  interacting  with 
aniline,  behaves  at  low  temperatures  mainly  as  thiocyanate  and  at 
high  temperatures  principally  as  thiocarbimide,  serves  to  confirm 
the  work  of  Doran,  already  mentioned.  But  as  regards  the  experi- 
mental data  on  which  the  general  conclusion  is  based  in  each  case, 
there  is  little  similarity;  neither,  indeed,  do  the  results  admit  of 
comparison,  since  the  methods  of  measurement  differed  essentially. 
It  seems  probable  that  the  discrepancies  between  his  numbers  and 
our  own  were  due,  to  some  extent,  to  his  having  relied  exclusively, 
for  the  quantitative  separation  of  the  products,  on  the  solvent  power 
of  water  and  of  diluted  alcohol,  a  method  which  we  found  unsuitable 
for  the  purpose.  Moreover,  in  his  experiments,  great  variations  of 
temperature  were  permitted  to  occur,  whilst,  as  already  stated,  we 
were  unable  to  obtain  concordant  data,  save  by  most  rigid  control 
of  the  temperature  and  by  checking  our  results  by  duplicate  experi- 
ments. 

There  is  reason  to  believe  that  the  variability  of  function  of 
acetyl  thiocyanate  and  of  certain  other  thiocyanates  with  respect 
to  their  interaction  with  bases  is  not  limited  to  the  case  where 
aniline  is  employed,  and  it  is  proposed  to  extend  the  present  inquiry, 
in  the  hope  that  further  examples  of  this  variety  of  tautomerism 
may  be  forthcoming,  and  with  a  view  to  learn  more  about  its  nature. 

Queen's  Collegk, 

COUK, 


LIX. — The  Chemical  Dynamics  of  the  Reactions  heticeen 
Sodium  ThiosuJphate  and  Organic  Halogen  Com- 
pounds.    Part  11.     Halogen-substituted  Acetates. 

By  AaxuuK  Slatob,  Ph,D. 

In  a  previous  publication  (Trans.,  1904,  85,  1286)  it  has  been  shown 
that  sodium  thiosulphate  reacts  readily  with  certain  organic  halogen 
compounds,  and  that  the  reactions  proceed  with  a  measurable  velocity. 
The  action  of  sodium  thiosulphate  on  the  methyl,  ethyl,  and 
ethylene  haloids  is  in  most  cases  a  bimolecular  change,  the  velocity  of 
the  reaction  being  proportional  to  the  concoutration  of  the  halogen 
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compound  and  to  that  of  the  thiosnlphate.  The  investigation  of  such 
changes  has  been  extended,  and  in  the  present  communication  an 
account  is  given  of  the  reactions  between  sodium  thiosulphate  and  the 
following  substituted  acetates  : 

CH^I-COg-CgH,  Cir^Br-COg-C^Hj  CHaCl-COa'CsH, 

CHoBr-CO./CHg  CH.Ci-CO./CHg 

CH^Br-CO^.Na  CH/Jl-COgNa. 

These  acetates  react,  forming  the  compound  where  the  halogen  i-? 
replaced  by  the  group  NaS^Og,  thus  : 

CH2Br-C02-a,H,  +  Na^S^  =  NaSsOg-CH-a'COa-C^H,  +  NaBr. 

The  derivatives  can  easily  be  isolated,  and  have  already  been  inves- 
tigated by  Purgotti  {Gazzetta,  1892,  22,  416). 

The  velocity  of  these  reactions  has  been  measured  by  the  method 
described  in  the  previous  paper  (loc.  cit.).  The  remarkable  reactivity  of 
these  compounds  renders  it  possible  to  make  the  measurements  in  very 
dilute  solution  and  at  a  low  temperature.  Tlie  evaporation  of  the 
esters  from  these  aqueous  solutions  is  negligible,  and  the  reaction  can 
therefore  be  carried  out  in  flasks.  Such  measurements  show  the 
changes  to  be  in  all  cases  bimolecular,  and  undisturbed  by  subsidiary 
reactions. 

The  velocities  of  the  reactions  between  ethyl  bromoacetate  and  the 
following  thiosulphates  have  also  been  measured  : 

K2S2O3  BaS^Oa         Na3A-g(S203)2         Na2Pb(So03), 

(NH^)2S203         SrS.p8  P1S0O3. 

The  results  obtained  show  that  the  reaction-velocity  is  probably 
strictly  proportional  to  the  S.^Og"  ion,  and  that  the  undissociated  and 
partially  dissociated  NaS.^Og'  ions  have  no  direct  action. 

The  velocities  of  other  reactions  in  which  the  halogen-substituted 
acetates  take  part  have  been  measured  by  other  investigators,  but 
only  two  of  them  in»^olve  the  replacement  of  the  halogen. 

Schwab  has  investigated  the  hydrolysis  of  sodium  chloroacetato  to 
sodium  plycollato  by  tlio  action  of  caustic  soda  (van't  Hoif,  "  Studies  in 
Chemical  Dynamics,"  p.  15),  and  Buchanan  has  measured  the  rate  of 
transformation  of  chloroacotic  acid  into  glycollic  acid  by  the  action 
of  water  (van't  Hoff,  ibid.,  p.  14).  Those  reactions  were  measured  at 
a  temperature  of  100'^  and  proceed  much  more  slowly  than  those 
described  in  this  paper. 
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Experimental. 

Ethyl  iodoacetate,  ethyl  bromoacetate,  and  methyl  bromoacetate 
interact  at  25°  with  one  equivalent  of  sodium  thiosulphate  : 

00982  gram  O^H-Ogl  required  465  c.c.  N,  100  'Sa..^^fi^  = 

C^H^O^Iil-Ol  Na._,S20,. 
0  0680  gram  C^HyOJ  required  31-9  c.c.  NjlOO  Na.^8,03  = 

C4H7O,I:100NajS.Ps. 
01066  gram  C^HyO^Br  inquired  628  c.c.  iV/100  Na,K.A== 

C.HyO.Br :  0-98  Na^S.^,. 
01040  gram  C^U^O.^\ir  required  60-8  c.c.  iVJOO  ^..     ,  ^  - 

C^HyOgBr  :  098  Na^S.Oj. 
01052  gram  CgHjOjBr  required  696  c.'c.  iV/100  Na^.,Os- 

CsHj^O.BrilOl  NajSjO,. 

01 206  gram  CsH^O.,Br "required  786  c.c.  iV/100  Na,S.^Oj- 

CsHjOoBr  :  100  Na.^S.p,. 

'J'he  velocities  of  these  reactions  are  very  great,  and  measurements 
were  therefore  carried  out  in  very  dilute  solution  {N  200 — ^V,  100)  and 
large  quantities  (25 — 50  c.c.)  of  the  reaction-mixture  were  titrated. 
The  reactions  are  bimolecular,  and  the  temperature  quotient  is  in  each 
case  about  2*8.  In  the  following  tables  the  notation  is  the  ^ame  as 
that  employed  in  the  previous  paper  (Trans.,  1904,  85,  1291). 


Table  I. — Ethyl  Iodoacetate. 

Temperature  25°.  i  Temperatui-e  15°. 

50  c.c.  titrated.    I  =  0  01 1 1  X.  25  c.c.  titrated.     I  =  001 1 1  X. 


Time.    (Na.^.A)-  (C^HvOgl).      ATxCo 


0 
5 
10 
20 
35 
50 


22-8 
10  Hi 
131 
9-4 
6-8 
5-3 
1-8 


21  0 
1-1 -s 
11-3 
7-6 
5  0 
3-5 
0-0 


0  00282 
0  00285 
0  00283 
0-00279 
0-00288 


Mean 0-00283 

K=1\ 

Other  expts.  gave    ^=^6-9 

A'=7  0 


Time. 

0 

5 
15 
30 
50 


(Na^O,).  (C^H-OjI).    KxC^ 


19-6 

16  2 

12-2 

9-05 

6-96 

2-9 


16-7 
13-3 
9-3 
6-15 
4  05 
0-0 


0  00320 
0  00322 
0  00327 
0-00330 


Mean . 


0  003->r. 


Mean 70 

Tempei-ature  quotient  =  2-75. 


Other  expts.  gare     K=  2  -52 
A:=2-61 

Mean..  255 
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Table  II. — Ethyl  Bromoacetate. 


Temperatuie  25°. 

Temperature  15°. 

50  c.c.  titrated.     I  =  0  0 1 10  iV. 

25 

c.c.  titrated. 

1  =  00110  iV^. 

Time.    (NaaSgOj).  (C^H-OoBr). 

KxCoo. 

Time 

{Na.,S.p3).  (C,H,0,Br). 

KxC'^ 

0             37-25           3*2-85 

— • 

0 

20-45 

25-45 

— 

5             24-7              20-3 

0-0061 

5 

15-6 

20  6 

0-0052 

10            18-75           14-35 

0-0062 

10 

12-45 

17-45 

0  0052 

15            15-3             10-9 

0-0062 

20 

8-6 

13  6 

0  0052 

25            11 -fi               7-2 

0-0061 

35 

5-6 

10-6 

0-00.52 

40               8-85              4-45 

0  0061 

58 

3  4 

8-4 

0-0051 

00                4-4                0-0 

— 

00 

00 

5  0 

— 

Mean 

0-0061 

Mean 

0-0052 

K= 

=  6-3 

Other  exnts.  gave     K= 

6-2 

A'=2-36 

K  = 

:6-6 

Euplicale  exjit. 

^  =  2-36 

Mean 

6-4 

Mean... 

2-36 

Teniieiature  quotient  =  2-75. 


Table  III. — Methyl  Bromoacetate. 


Temperature  25°. 
50  c.c.  titrated.     1  =  0-0110  N. 


Time 

.    (Na^A)-  (CsHsO^Br). 

KxC^. 

Time 

.    (Na,S.p3).  (C3HAB1:). 

KxC^. 

0 

30-3 

24-45 

— 

0 

23  3 

22  3 

— 

5 

22-5 

16-65 

0-0075 

5 

18-9 

17-9 

0  00091 

10 

18-15 

123 

0  0076 

10 

15-9 

14-9 

0  00092 

'  20 

13-6 

7-75 

0  0076 

20 

12-15 

11  15 

0-00091 

30 

11-25 

5-4 

00075 

30 

9-9 

8-9 

0  00090 

50 

8-9 

3  05 

0  0074 

40 

8-35 

7  35 

0-00091 

00 

5-85 

0-0 

— 

60 

00 

6-5 
1-0 

5-5 

00 

0-00089 

Mean 

0  0075 

JS:=6-85 

Mcai 

0  00091 



K= 

2-09 

Duplicate  exi 

.t.     K  =  b-S 

Duplicate  exph 

K= 

2-08 

Mean. 

5-85 

Mean . . . 

2-09 

Temperature  15°. 
25  c.c.  titrated.     I  =  00]  10  N. 


Tcnipoiaturc  quotient  =  2-8. 

Experiments  in  which  pure  brou.oacetic  acid  was  -weighed  out, 
rioutralisod  with  Hodiuni  hydroxide,  and  allowed  to  interact  at  25"  with 
excoKH  of  8odiuni  thiosulphato  sliow  that  these  sails  react  in 
oijuivalent  proportiouH. 

0011)0  gram  Cjlf/Xlir  rc<iiiircd  13-7  c.c.  iV/lOO  Ka^^S^O^  -■ 

CV'l,O.,lir:l'00Nn,,8,jO3. 
0*0493  gram  CJIjOJir 'required  34-8  J.c.  A'/ 100  NnoS^Og^ 

('j\()j,I]r :  0-1)8  Na,S,/),. 
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This  reaction  proceeds  much  more  slowly  than  those  just  described. 
The  temperature  quotient  is  smaller. 


Table  IV. — Sodium  BronioacetaU. 
Temperature  25°,  Temperatui-e  35°. 


5  c.c.  titrated. 

I  =  000985  iV. 

10 

B.C.  titrated.     1  =  000955  X 

Time.  (NajSjOs).  (CalLPjBrNa 

O.ATxCoo. 

Time 

(Ni4S,0,).(C,H,0sBrNa).  /Tx  6'go 

0          22-8 

12-7 

— 

0 

31-7              211 

— 

5           20-95 

10-85 

0  0063 

5 

27-7              171 

0-0065 

15           18-4 

8-3 

0  0061 

15 

2-2-35            11-75 

0  0068 

33           15-6 

5-5 

0-0060 

25 

19-35              8-75 

0-0067 

50           14  0 

3-9 

0  0060 

40 

16-45              5-85 

0-0068 

75           12-5 

2-4 

0  0062 

70 

13-6                3-0 

0  0069 

00            10-1 

0  0 

— 

CO 

10-6                00 

— 

Mean 

.     0-0061 
)5 

Me&u 
ir=0-67 

K=0-6{ 

Another  expt.  gave 

ir=0-315 

Temperature. 

K. 

Tempeiature  quotient 

25° 
35 

0-310 
0-67 

KJKn       =     2-15 
(KJKl'fi*  =     215 

40 

0-96 

KJKy^       =     205 

50 

1-95 

Meau 2-1 


The  chlorine-substituted  acetates  react  similarly  to  the  bromine  and 
iodine  derivatives,  but  much  more  slowly.     In  the  case  of  the  reaction 
\    with  sodium  chloroacetate,  velocity  measurements  had  to  be  made  at  a 
J    higher  temperature  (50 — 60^). 


00700  gram  C^H-OjCl  required  57-3  c.c.  ^V'/lOO 

C^H^OaCl :  1  -00  Na^jOg. 
0  0688  gram  C^H^OjCl  required  54-7  c.c.  .N'/lOO 

C^H70.,C1 : 0-98  Na.^jSjO^. 
0  0360  gram  C3H5O2CI  required  32-2  c.c.  iV/lOO 

CaHsC^Cl  :0-97  NugS^Og 
00765  gram  C3H5O2CI  required  69  0  c.c.  .V/lOO 

CjHsOjCi :  0-98  ^&.^f>y 
00748  gram  C2H3O2CI  required  73  0  c.c.  ^V/lOO 

(J0H3O2CI :  0-92  NajSjOj. 


Na^S^O,^ 
Na^SjOa 

Na,S,03  = 
Na^SaOg. 
Na2SA 


The  reaction  with  sodium  chloroacetate  is  probably  accompanied  by 
some  side  reaction  which  uses  up  about  8  per  cent,  of  the  chloroacetate, 
but  this  small  disturbance  would  only  slightly  iuHueuce  the  velocity 
constants. 
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Table  V. — Ethyl  Ckloroacetate. 


Temperature  25°. 

3  c.c.  titrated.     I  =  0-00905  K 

Time.  (NaaSaOg).  (C^HACl)-    KxCoo 


Temperature  35°. 
5  c.c.  titrated.     I -0-00965  N. 

Time.  (NajSjOs).  (C4HVO2CI).    KxCao 


0             24-5 

15  0 

— 

0 

23-7 

28-1 

— 

10            23-1 

13-6 

0-00171 

5 

21-35 

25-75 

0-00148 

31             20-6 

11-1 

0  00179 

15 

17-85 

22-25 

0-00145 

60            18-35 

8-85 

000173 

30 

14-0 

18-4 

0  00149 

134            14-9 

5-4 

0-00170 

50 

10-8 

152 

0-00149 

215         .    12-8 

3-3 

000175 

121 

5-65 

10-05 

0-00146 

9-5 

0-0 

— 

00 

0-0 

4-4 

— 

Mean 



Z=0061 

000174 

Meai 

I 

Z=017C 

0-00147 

i 

Other  expts.  gave 

^=0-060 

,  0-058 

Meau 

....     0-060 

Temperature  quotient  =2-9. 


Table  VI. — Methyl  Chloroacetate. 


Temperature  25°. 

3  c.c.  titrated.     I  =  0-00975  N. 

Time.  (NajSjOj).  (CgHBOjCl).    KxC^o 


0 

19-8 

16-8 

— 

0 

21-1 

28-5 



10 

18-5 

15-5 

0  00055 

15 

15-8 

23-2 

0-00242 

25 

16-8 

13-8 

000056 

26 

13-35 

20-75 

0  00235 

40 

15-5 

12-5 

0-00055 

40 

11-0 

18-4 

0-00232 

70 

13-35 

10-35 

0-00066 

61 

•     8-5 

15-9 

0-00232 

100 

11-7 

8-7 

0-00057 

100 

5-7 

13-1 

0-00231 

810 

6-9 
3-0 

3-9 
0-0 

0-00057 

00 

0-0 

7-4 

— 

Moai 

i:=0-067 

0-00056 

Meac 

I 

0-00234 

Another 

oxpt.  gavo 

K=00(iO 

Otlior 

oxpts.  gave 

K=0-160 

,  0-165 

Meau...  . 

....     0-069 

Mean  ... 

0-165 

Temperature  35°. 
5  c.c.  titrated.     I  =  0-00965  N. 
Time.  (NagS^Os).  (OjHsOaCI).    KxC^ 


Tcm])erature  quotiout  =2*8. 
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Tablk  VII. — Sodium  Cldoroacelale. 


Temperature  50°. 
2-98  c.c.  titrated.     I  =  00094  N. 
Time.  (NaaSgOj).  (CjHaOjClNa).  ATx  C^ . 


0 

30-6 

24-2 

— 

20 

26-85 

20-45 

0-00081 

50 

23-2 

16-8 

0-00077 

100 

18-(j 

12-2 

0  00081 

170 

15-0 

8-6 

0  00082 

280 

11-95 

5-55 

0-00088 

510 

9  0 

2-6 

0-00086 

00 

6-4 

0-0 

— 

Mean 

0  00082 

K= 

0-0405 

other 

expts.  gave 

K= 

0-039,  0-0895,  0  0395 

Meau.. 

0-039 

5 

Temperature  60^. 
2-98  C.C.  titrated.     I  =00094  N. 
Time.  (NaAO,).  (C,H,0,C1N»).  IT x  C„ . 


0 

33-5 

8-5 

— 

10 

31-8 

6-8 

0-0074 

25 

29-8 

4-8 

00079 

45 

28-55 

3  55 

0-0069 

95 

26-3 

1-3 

0-0074 

25-0 

00 

— 

Meau. 


ir=0-094 
Another  «xpt  g»ve    JTsQ-lOO 

Meau 0-097 


0-0074 


Temjierature  quotient  =2*45. 
Calculated  velocity  at  25°=  .JjJ^^|,  =0  0042 

The  following  table  is  a  summary  of  the  velocity  constants  of  the 
seven  reactions  just  described  : 


Table  YIU.— Velocity  Constants  at  25°. 

lodoacetate.  Bromoacetate.  Chloroacetate. 

Ethyl. 70(2-75)  6-4      (2-75)  0-060    (2-9) 

Methyl    —  5  85    (2  8)  0*059    (28) 

Sodium    —  0-315(2-1)  0*0042(2-45) 

Methyl  iodide    0  90  (3-0) 

The  iodo-  and  bromo-esters  are  several  times  more  reactive  than 
methyl  iodide,  and  the  reactivity  of  the  iodine,  bromine,  and  chlorine 
derivatives  is  roughly  in  the  ratio  1:1: 1/100,  compared  to  1  : 1  :  1/40 
in  the  case  of  the  methyl  haloids.  It  is  noteworthy  that  the  bromo- 
acetic  and  chloroacetic  ions  are  conisiderably  less  active  than  the 
corx-espouding  undissociated  esters.  The  temperature  quotients  (given 
in  brackets)  for  the  reactions  with  the  five  esters  are  within  experi- 
mental limits  equal  to  2  8.  In  the  case  of  the  sodium  salts,  this  value 
is  appreciably  smaller. 

The  great  reactivity  of  these  substituted  acetic  esters  renders  it 
possible  to  carry  out  velocity  measurements  i^i  very  dilute  solutions, 
thus  adding  considerably  to  the  ease  of  the  investigation.  It  was 
therefore  found  convenient  at  this  point  to  investigate  the  action  of 
other  metallic  thiosulphates,  and  decide  whether  these  reactions  are 
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primarily  connected  with  the  SgOg"  ion,  or  whether  the  NaS203'  ion 
or  undissociated  Na2S203  also  takes  part  in  the  reaction. 

Ethyl  bromoacetate  was  the  haloid  selected  for  this  purpose.  Ex- 
periments were  first  carried  out  with  metallic  thiosulphates,  which  show 
no  tendency  to  form  complex  salts,  and  which  probably  are  for  the 
main  part  dissociated  in  dilute  solution. 

The  following  table  shows  that  the  velocity  constants  obtained  by 
the  use  of  such  salts  approximate  to  that  found  for  sodium  thio- 
sulphate. 

Table  IX.— Temperature  25°. 


Potassium.  IViiosulphate. 

50  c.c.  titrated.     I  =  0-00945  N. 

Time.     (K^SA)- {C4H702Br).    KxC^ 


0            21-65 

15-75              — 

0 

26-4 

14-8 

— 

5            17-9 

12-0             0-0071 

5 

22-2 

10-6 

0-0140 

10            15-5 

9-6             0-0070 

15 

17-9 

6-3 

0-0135 

20            12-5 

6-6             0  0070 

25 

15-65 

4-05 

0-0134 

30            10-7 

4-8             0-0070 

40 

14-05 

2-45 

0-0127 

45              9-] 

3-2             0-0070 

55 

13-0 

1-4 

0-0130 

00               5-9 

0-0                 — 

00 

11-6 

0-0 

— 

Mean 00070 

Mean 

00133 

Ar=6-3 

K= 

6-1 

Another  0X1)1 

.  gave    ^=6-3 

Barium  ThiosulpluUe. 

50  c.c.  titrated.     I  -  0-0109  N. 

Time.    (BaSjOj).  (C4H70.^Br).    KxG^ 


Ammonium  Thiosvlphate. 

50  c.c.  titrated.     1  =  0-00945  N. 

Time.[(NH4)2S203].  {Oi\l^Ci.,Bv).K^  C^ . 


Strontium  Thiosidphate. 
50  c.c.  titrated.     I  =  0-00945  N. 
Time.     (SrSjOg).  (CJIrOaBr).     KxC^ 


0 

23-0 

21-3 

— 

0 

16-6 

14-6 

— 

5 

17-7 

16-0 

0  00212 

5 

13-95 

11-95 

0-00220 

10-5 

14  0 

12-3 

0-00218 

10 

12-1 

10-1 

0-00228 

15 

12-0 

10-3 

0-00221 

20 

9-7 

7-7 

0-00223 

25 

9-2 

7-5 

0  00222 

30 

8-1 

6-1 

0  00225 

35 

7-55 

5-85 

0-00221 

50 

6-4 

4-4 

0-00214 

00 

1-7 

0-0 

.— 

00 

2-0 

0-0 

— 

I 

[can 

0-00219 

Mean 

K= 

:5-9 

0  00222 

K= 

.5-9 

Another  cx[)t. 

gave    K= 

:5-6 

Another  expt. 

gave    K= 

:6'5 

£zperimeuts  were  then  carried  out  with  some  complex  thiosulphates. 
The  effect  of  the  addition  of  silver  nitrate  on  the  velocity  of  reaction 
between  sodium  thiosulphato  and  ethyl  bromoacetate  was  first  in- 
vestigated. The  prcHoncoof  (silver  nitrate  has  no  inlluenco  on  the  oud- 
point  of  the  titration  of  sodium  thiosulphate  by  an  iodine  solution,  and 
the  reaction  could,  therefore,  be  followed  by  tliLs  titration. 

'J'ht!  ruHultH  obtained  by  such  measuremeutu  are  given  in  the  follow- 
ing tableti. 
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Table  X  shows  that  (he  addition  of  small  quantities  of  silver 
nitrate  decreases  the  activity  of  the  thiosulphate  in  sucli  a  way  as  to 
render  inactive  a  portion  of  the  thiosulphate,  corresponding  with  the 
formation  of  the  compound  NajAg(S203),.  The  values  of  K  are 
calculated  not  from  the  iodine  titre,  but  from  the  litre  of  the  un- 
corabined  sodium  thiosulphate,  that  is,  the  difference  between  the  iodine 
titre  and  that  corresponding  to  the  concentration  of  the  salt 
Na,Ag(S,03),. 

The  values  of  K  so  obtained  approximate  to  6"4,  the  value  found  for 
pure  sodium  thiosulphate. 

The  concentration  of  the  ester  in  these  experiments  is  found  by  a 
further  addition  of  sodium  thiosulphate,  or  by  adding  potassium  iodide 
and  decomposing  the  complex  salt  with  precipitation  of  silver  iodide. 

Table  X— 7V<«  Effect  of  ths  Addition  qf  Small  Quantitiea  of  Silver 

NitraU. 


50  c.e.  titrated. 

I  =  0011KV.     Temperaui.^- 

==J.b\ 

AgNO,.          Tiiue. 

I.  titits. 

(Xj^SjO,).      (Ester). 

KxC^. 

0  00100              0 

31  8 

22-8 

25  1 

— 

5 

25-4 

16-4 

18-7 

0  0032 

10 

21-6 

126 

14-9 

0  0031 

15 

19-35 

10-35 

12-65 

OOOSO 

25 

16  4 

7-4 

9-7 

0  0030 

35 

147 

5-7 

8-0 

0  0030 

Na,Ag(S,0,),      = 

9  0 

0  0 

2  3 

— 

00 

67 

00 

Mean 

.     0  0031,   A'  =  6l 

0  00100              0 

24-3 

153 

18  0 



5 

20-8 

118 

14  5 

0  0038 

10 

18-5 

95 

12-2 

0  0038 

20 

15-9 

6  9 

9-6 

00036 

30 

14-3 

5-3 

8  0 

0  0036 

Na,Ag(S,0,),      = 

9  0 

00 

27 

— 

00 

6-3 

0  0 
Mean 

.     0  0037,   A'=6-2 

0  00250              0 

37-2 

14-7 

24-7 



5 

32  8 

10-3 

20-3 

00139 

10 

3015 

7-65 

17-65 

00138 

20 

27  0 

4  5 

14  5 

0-0141 

Na,Ag(S.A^3      - 

22-5 

00 

100 

^ 

X! 

125 

0  0 
Mean 

0-001-39,A'=6-8 

This  result  shows  that  the  reactivity  of  trisodium  silver  thiosulphate 
is  small  compared  with  that  of  sodium  thiosulphate  and  negligible  in 
the  presence  of  moderate  excess  of  the  latter  salt. 

Sodium  thiosulphate  and  silver  nitrate  were  then  mixed  in  such 
proportions  that  excess  of  silver  nitrate  was  present  after  the  forma- 
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tion  of  the  complex  salt  Na3Ag(S203)2.  The  initial  velocity  of  the 
reaction  of  this  mixture  on  ethyl  bromoacetate  was  measured  and 
shown  to  be  comparatively  small. 

Table  XI. — The  Effect  of  the  Addition  of  a  Large  Quantity  of  Silver 

Nitrate. 

Temperature  =25°,  AgNOg^  0-0040  gram  (AgNOg)  per  litre. 
25  c.c.  titrated .     I  =  0-0 11 0  A^. 


ime. 

I.  litre. 

(Ester). 

JTxCoo. 

0 

15-35 

14-4 

— 

10 

14-55 

13-6 

[0-00017] 

20 

13-95 

13  0 

[0-00015] 

40 

12-95 

12  0 

0  000135  K=0-2,2 

00 

0-95 

0-0 

— 

Mean,  I  litre  =1415  c.c.  =0-0062  gram  (NaoSjOs)  per  litre. 

0-32  X 100 

Percentage  of  thiosulphate  present  as  8203"= — - —  =5-0  per  cent. 

6-4 

This  table  shows  that  a  mixture  of  the  two  salts  in  the  proportion 
0-0040  AgNOg  :  0-0062  NajSgOg  has  only  one-twentieth  the  activity  of 
sodium  thiosulphate.  It  is  probable  that  the  complex  salt  is  partially 
dissociated  according  to  the  equation  Nag Ag(S203)2  ^  NaoSgOg + 
NaAgSgOg,  and  that  the  reaction  depends  on  the  presence  of  a  small 
quantity  of  uncombined  sodium  thiosulphate.  As  the  salts  are  in 
dilute  aqueous  solution,  the  equilibrium  is  better  indicated  by 
Ag(S203)2"' ^  AgSgOg' +  SjOg",  the  uncombined  thiosulphate  being  re- 
presented by  the  SjOg"  ion.  The  fact  that  the  addition  of  silver  nitrate 
lowers  the  activity  so  considerably  is  strong  evidence  in  support  of 
the  view  that  the  reaction  is  primarily  connected  with  the  S2O3"  ion. 

The  ions  Ag(S203)2"',  AgSoOg'  and  the  corresponding  undissociated 
salts  either  do  not  react,  or  react  with  a  relatively  much  smaller 
velocity.  This  view  is  also  supported  by  experiments  made  with  the 
complex  lead  thiosulphates  where  similar  results  are  obtained. 

A  consideration  of  these  results  with  those  obtained  with  sodium, 
potassium,  ammonium,  barium,  and  strontium  thiosulphates  (Table  IX) 
renders  probable  the  assumption  that  the  velocity  of  these  reactions  is 
strictly  proportional  to  the  concentration  of  the  S2O3"  ion.  If  this 
pro|)ortionality  holds,  wo  havo  a  dynamic  method  of  measuring  concen- 
trations of  H2O3"  ions  similar  to  that  by  which  concentrations  of  Oil' 
ion  can  be  moasurod  by  the  velocity  of  saponification  of  ethyl  acetate. 
This  method  may  prove  of  value  in  a  study  of  the  stability  of  the 
complex  thio.sulphatos,  and  gives  a  means  of  amplifying  the  results 
obtained  by  solubility  and  electromotive  force  measurements  (G. 
UodlJioder,  Her.,  lOO.'J,  36,  '{933  ;  11.   Kuler,  Her.,  1904,  37,  1704). 
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.Solutions  of  sodium  thiosulpiiate  witli  excess  of  silver  nitrate  soon 
turn  brown,  and  are  therefore  not  convenient  for  investigation,  but 
lead  thiosulpbate  solutions  are  quite  stable  at  25°,  and  it  was  hoped 
by  an  investigation  of  the  activity  of  sodium  thiosulpbate  in  the  pre- 
sence of  varying  quantities  of  lead  nitrate  to  calculate  the  dissocia- 
tion constants  of  lead  and  sodium  lead  thiosulpbateti, 

PbSgOg  zi  Pb-'  +  SgOa",  Pb(S,03)2"  Zl  PhS^O,  +  SjO,". 

By  adding  a  large  excess  of  lead  nitrate  to  sodium  thiosulpbate,  and 
by  measuring  the  concentration  of  the  S^Oj"  ion  by  velocity  experi- 
ments, the  value  of  the  first  equilibrium  constant  was  found  to  be 
Ki  =  [Pb"]LS,03"]/[PbS,03]=  1-5  X  10-*  (Table  XII).  By  adding  a  rela- 
tively small  quantity  of  lead  nitrate,  the  complex  salt  Na3Pb(8.j03)j 
is  formed  quantitatively  (Table  XIII).  With  conoemrations  of  lead 
nitrate  intermediate  between  those  employed  in  these  two  experiments, 
both  dissociations  come  into  consideration.  If  /Tj  is  assumed  to  have 
the  value  l'5xl0~^  the  value  of  the  second  eijuilibrium  coostant, 
[PbS203][S.p3"]/[Pb(S.,03).;'],  was  found  to  be  of  the  order  10-«. 
J)etails  of  these  measurements  are  not  given,  as  the  method  affords 
only  approximate  values  of  the  constant. 

The  method  of  investigation  was  the  same  as  that  employed  in  find- 
ing the  effect  of  the  addition  of  silver  nitrate  (Tables  X,  XI).  Thio- 
sulphates  can  be  estimated  in  the  presence  of  lead  salts  by  titration 
with  iodine  solution,  and  the  concentration  of  the  ester  can  be  found 
by  decomposing  the  complex  salt  with  potassium  iodide  and  by  further 
addition  of  sodium  thiosulph'ite. 

In  making  up  the  solutions,  different  amounts  of  a  lead  nitrate 
solution  containing  Pb(NO3).2/20  grams  per  litre  were  used.  In  the 
experiment  given  in  Table  XII,  50  c.c.  of  lead  nitrate  solution,  sufficient 
sodium  thiosulpbate  to  give  an  appi-oximately  ^V/'IOOO  solution,  and  a 
little  more  than  the  equivalent  of  ethyl  bromoacetite  were  mixed  and 
made  up  to  one  litre,  and  the  initial  rate  of  the  reaction  measured 
at  25°. 

The  concentration  of  the  S.jOg"  was  calculated  from  the  value  of  the 
velocity  constant  A'  by  comparing  it  to  6'4,  the  value  found  for  sodium 
thiosulpbate. 

If  a,  b,  and  c  are  respectively  the  concentrations  of  PbS203,Sj03" 

and  Pb",  then 

a -t-i  =  concentration  of  thiosulpbate  found  by  titration, 

(i  +  c=         „         „          lead  nitrate, 

K{a  +  b)         ,         ,^.     , 
6=    — ^77 —    ,  where  K  is  the  velocity  constant. 

From  these  three  equations,  a,  b,  and  c  can  be  calculated  and  the 
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value  of  the  equilibrium  constant  {K-^  =  hcja)  found.     A  summary  of 
four  such  experiments,  is  also  given  in  the  following  table  : 

Table  XU.—  The  Equilibrium  PbS.Og  :^  Ph'^+SgOg". 

50  c.c.  Pb(N03)2  solution  in  1  litre,  a +  c  =  0-00250.     100  c.c.  titrated. 
1  =  0  C094  K     Temperature  25°. 

Time.  I.  titre.  (Ester).  KxCa^. 

0                            13-95  18-1                                — 

210                              9-75  13-9  0-00195 

00                              0-0  4-15                             — 

T^       000195x100       „  ^„ 
4-15x0-0094 

Mean,  I.  titre   =   11-85, 

•    a  +  h  =   11-«5>^Q-QQ94  ^  0-001115.  b   =   Q-^Q(^  +  ^)   =   0-000087. 

100  6-4 

a  +  c  =  0-00250.  .:  a  =   0-00103,  c  =  0-00147. 

K^  =  bc/a  =   1-24x10-^. 

Summari/. 


a  +  c. 

a  +  b. 

b. 

a. 

c. 

iSTi  =  bc/a. 

0-00250 

0001115 

0-000087 

0-00103 

0-00147 

1-24x10-* 

0-00250 

0-001161 

0-000090 

0-00107 

0-00143 

l-20xl0-'» 

000300 

0-00100 

0-000060 

0  00094 

0-00206 

1-32x10-* 

0-00300 

0  001 025 

0-000064 

0-00096 

0-00204 

l-36xl0-» 

Corrected  vahie  of  K^  =  1-5  x  10"*. 

In  the  calculation  of  iTj  no  account  is  taken  of  the  formation  of  the 
Pb(S.20g)2"  ion,  which  is  present  in  small  concentration  in  the  solu- 
tions. From  other  experiments,  the  value  of  the  equilibrium  constant, 
[PbS203][S203"J/[Pb(S.p3)2"],  was  found  to  be  of  the  order  10"^  In 
the  four  experiments  summarised  ia  Table  XII,  the  value  a  =  [PbS202] 
is  about  10~-',  and  therefore  the  concentration  of  tho  Pb(S203)2"  ion  is 
approximately  equal  to  that  of  the  S.,0.j"  ion.  Applying  the  small 
correction,  the  mean  value  of  /T^  was  found  to  be  1*5  x  10~*. 

When  small  quantities  of  lead  nitrate  are  added  to  a  sodium 
thioHulphato  solution,  part  of  tho  thiosulphato  is  rendered  inactive, 
this  amount  corresponding  with  tho  formation  of  the  complex;  disodium 
lead  thiosulphato,  Na2Pb(.SoOy)2.  Jf  tho  titre  of  this  salt  is  sub- 
tracted from  tho  iodino  titre  to  obtain  tho  concentration  of  free  sodium 
thioHulpliato,  and  tho  calculation  of  tho  velocity  constant  nmdo  as  in 
table  X,  the  value  of  K  approaches  to  that  found  for  pure  sodium 
thioKulpbate  (6*4).  The  sodium  lead  thiosulphate  is,  hov^ever,  appre- 
ciably diiBOciated  into  lead  and  sodium  thiosulphatos,  for  tiven  with 
moderate  excels  of  sodium  thiosulphato  higher  values  of  K  are 
obtained. 
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I 


Table 

xiir. 

50  c.c.  titrated. 

1  =  0-01065  iV.     Temperature 

=  25°. 

b(N03)2.         Time. 

litre. 

iNajSjO,).         (Ester). 

ATxC'ao 

0-0010                0 

28-05 

18  65                 15-05 

— 

5 

24-4 

15-0                  11-4 

0  0052 

10 

22-0 

12-6                    90 

0-0053 

20 

19-1 

97                    61 

0  0054 

30 

17-5 

8-1                    4-5 

0  0054 

00 

13-0 

3-6                    0  0 

— 

Na,Pl){SA)2       = 

9-4 

0  0 

Meaii 

0  0053 

K=69 

The  velocity  of  the  reaction  between  lead  thiosulpbate  and  ethyl 
bromoacetate  has  also  been  measured.  This  salt  is  soluble  to  about 
1/1000  ^Y,  and  the  solution  contains  probably  appreciable  quantities 
of  Ph*-.  PoSjOy,  Pb(S^03)2",  ao^  ^A"- 

Table  XIY. —Lettd  Thiosulp/taU. 

Temperature  25°. 

100  c.c.  titrated.     I  =  00 1065  y. 

Time.  (PbSoO,).  (Ester).  K^C^.       Time.  (PbS,0,).  (Ester).  KxC^. 

0  11-95  1775                  —               0            9-95  1675                  — 

60  9-95  1575  000046          60            835  1515  000054 

00  00              5-8                    —  i     00             00              6-8                    — 

^■=075  I  iir=075 

Besides  lead  thiosulphate,  salts  of  the  anion,  Pb(Sj03)",  undoubtedly 
exiht,  tetra.sodium  laid  thiosulphate,  Na^Pb(S.^03).3,  ^*^  ^en  isolated, 
and  iutlications  of  higher  complex  salts  have  been  obtained. 

According  to  measurements  described  in  this  paper,  the  values  of 
the  equilibrium  constants  are  found  to  be 

[Pb-][Sj03"]/[PbS.p3]  =  1-5  X  10-4, 
[PbS,03][S,03"]/[Pb(S203),"]  - 10-»  (approximately). 

More  complex  salts  could  not  be  detected,  and  probably  do  not  exist 
in  dilute  solution.  H.  Euler  {loc.  cit.),  by  estimating  the  concentra- 
tion of  Pb"  ion  in  presence  of  large  quantities  of  sodium  thiosulphate, 
gives  the  value  of  the  constant, 

[Pb"][S203'?[NaS20;]2/[PbNa2(S.A)4""]  =  5  X  lO"'- 
This  value  is  not   far   removed    from   the    product  of   the   above 
constants,  and  is  therefore  in  agreement  with  the  supposition  that  the 
higher  complex  salts  easily  dissociate  into  the  more  stable  lead  and 
disodium  lead  thiosulphates. 
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The  velocity  constants  of  the  reaction  between  ethyl  bromoacetate 
and  different  thiosulphates  may  with  advantage  be  summarised,  for  it 
is  from  these  numbers  the  conclusion  is  drawn  that  the  reaction 
velocities  are  proportional  to  the  concentration  of  the  S.^Og"  ion.  In 
the  following  table  K  is  independent  of  concentration  in  the  first  five 
cases  ;  in  the  last  three,  concentrations  are  given  in  grams  x  formula 
weight  /  per  litre. 

Table  XV. — Velocity  Constants  at  25°. 


Thiosulphate.  K. 

NaoSgOa     6-4 

K2S2O3' 6-3 

(NHJaSjOo   6-1 

BaSjOs  ...". 5-7 


Thiosulphate.  K. 

SrS.,0, 57 

0  -0062      NaaSgOs  +  0-0040  AgNO 0-32 

0-001115  NaaSA  +  O  0025  Pb(N63)2  ...  0-50 

0-001        PbS.,0, 0-75 


The  author  desires  to  express  his  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  partly  defrayed 
the  cost  of  this  investigation. 
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TiX. — The  Kinetics  of  Chemical  Changes  luhich  are 
Reversible.  The  Decomposition  of  tis- Dimethyl- 
carbamide. 

By  Charles  Edward  Favvsitt. 

When  a  chemical  reaction  is  not  completely  unidirectional  but  reaches 
a  state  of  equilibrium  at  some  intermediate  point,  then,  writing  the 
equation  of  the  reaction  : 

the  velocity  of  reaction  is  represented  by 

"''*!  .   /ca,'"ia2"'2rtg"'     ....    -/5;7y,''i/,„"      (2), 

whore  -'Ij.^^.j  ■  •  ■   ■   l^\Ji,i  ....  aio  tl>o  substances  involved, 

a,«„     ....   /*,/>.,      ....  the  concentrations  of   these 

Hub8tancos, 
'' I"  tlio  iimo,  mj,m,j .  .   .  .  n^,ii^    ....  the  number  of  molecules  of 
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the  different  substances,  and  k^k'  the  velocity  constants  of  the  two 
opposing  reactions. 

In  some  simple  examples,  it  is  possible  to  integrate  equation  (2)  and 
to  apply  the  formulae  to  experimental  cases.  The  integration  gives  an 
equation  containing  both  k  and  k' ,  and  this  can  only  be  solved  for  one 
or  other  if  the  equilibrium  constant  kjk'  is  known.  The  ecjuilibrium 
constant  is  obtained  by  a  determination  of  the  relative  amounts  of 
substance  present  after  the  attainment  of  equilibrium.  As,  however, 
this  attainment  of  equilibrium  is  a  somewhat  slow  process,  and  as 
there  may  be  some  side-reaction  or  secondary  change  accompanying 
the  main  reaction,  the  determination  of  the  equilibrium  constant  is 
sometimes  a  difficult  matter. 

Another  method  of  attacking  such  problems  of  chemical  kinetics  is 
to  arrange  .^o  that  the  inverse  reaction  shall  not  be  allowed  to  take 
effect.  If  one  can  arrange  to  destroy  or  remove  from  the  sphere  of 
action  the  reaction  products  as  soon  as  they  are  formed,  then  the 
effect  of  the  inverse  reaction  is  completely  eliminated. 

Reactions  to  which  this  method  can  be  applied  are  somewhat  limited 
in  number,  but  the  author  has  already  shown  that  the  decompositions 
of  carbamide  {Zeit.  physikal.  Chem.,  1902,41,  601)  and  methylcarb- 
amide  (Trans.,  1904,  86,  1581)  with  acids  are  reactions  which  approxi- 
mate to  the  case  where  the  right-hand  term  of  equation  (2)  may  be 
neglected  in  the  integration,  and  it  was  expected  that  rt«-dimethyl- 
carbamide  would  probably  behave  in  a  similar  fashion.  The  decom- 
position of  this  class  of  amides  in  aqueous  solution  may  be  repn  - 
sen  ted  by 

^   =   k(A-x)~k'x^ (3), 

the  decomposition  product  being  a  cyanate,  and  x,  A  -x,  being  the 
concentration  of  decomposed  and  undecomposed  substance  at  time  "  t." 
Whilst  acids  appear  to  have  no  direct  action  on  these  amida*,  the 
cyanate  which  is  formed  from  the  amide  decomposes  very  quickly 
under  the  action  of  acid,  and  the  equation  (3)  approximates  to  the  case 

dx 


=^k{A-x). 
at 


The  integi-al  of  this  is  : 


^  =  t'^'^'A^x 

Constants  were  calculated  in  the  case  of  carbamide  and  methyl- 
carbamide,  and  also  in  the  present  instance  of  as-dimethylcarbamide 
according .  to  the  above  formula,  and  the  constant  value  of  the 
numbers  obtained  was  unquestionable. 
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The  value  of  "  k  "  has  ah'eady  been  calculated  from  tho  data  ob- 
tained by  a  determination  of  k'  and /^  the  equilibrium  constant  (Walker 
and  Hambly,  Trans.,  1895,  67,  746  ;  Walker  and  Appleyard,  Trans., 
1896,  69,  193).  Whilst  the  value  of  k  deduced  by  the  latter  method 
and  the  number  obtained  experimentally  by  the  author  agree  well  in 
the  case  of  carbamide,  the  agreement  is  not  quite  so  good  in  the  cases 
of  methylcarbamide  and  as-dimethylcarbamide,  although  the  numbers 
obtained  are  of  the  same  order. 

Experimental. 

The  method  of  experiment  adopted  was  the  same  as  that  used  for 
methylcarbamide,  and  the  temperature  at  which  the  decompositions 
were  carried  out  was  97*8°  unless  otherwise  stated. 

The  «s-dimethylcarbamide  was  obtained  from  Kahlbaum,  and,  as  it 
seemed  very  pure  (m.  p.  182°),  it  was  used  for  the  decomposition 
experiments  without  recrystallisation.  The  results  of  the  experiments 
were  calculated  on  the  assumption  that  the  reaction  was  one  of  the 
first  order. 

The  Reaction  between  Dwiethylcarhamide  and  Acids. — As  in  the 
previous  work  hydrochloric  acid  was  found  to  be  as  suitable  as  any 
other  acid,  it  was  used  in  this  case  exclusively.  The  reaction  with 
hydrochloric  acid  might  be  expected  to  go  according  to  the  following 
equation  : 

CO(NH2)-N(CH3)2  +  2HCi  +  H20  =  CO^  +  NH^Cl  +  NH2(CH3).,C1. 

To  test  this,  a  few  grams  of  «.9-dimethylcarbamide  were  heated  with 
hydrochloric  acid  solution  for  3  days  at  978'^  in  a  tube  covered  with 
melted  paraffin  to  prevent  evaporation.  The  paraffin  was  afterwards 
removed  and  the  solution  evaporated  to  dryness  on  the  water-bath, 
and  further  dried  in  a  vacuum  desiccator.  The  residting  mass 
was  then  treated  with  warm  chloroform  and  filtered.  The  residue 
was  recrystallised  from  a  mixture  of  water  and  alcohol. 

0-1484  of  this  product  required  0-470  AgNO.,  (VoUiard's  method). 
01484  NH^Cl  should  require  0471  AgNOg. 

The  filtrato  (after  extracting  with  chloroform)  was  evaporated  to 
dryness  on  the  wator-bath  and  dried  in  a  vacuum  desiccator  over 
sulphuric  acid  until  the  weight  was  constant. 

0-341  required  0-706  AgNOj. 

0-341  Nn.^(CH,)2Cl  8hould  require  0-7105  AgNOj. 

The  additional  fact  that  the  a/j-dinicthylcarhamido,  when  heated  for 
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a  sufliciently  long  time,  neutralises  hydrochloric  acid  in  the  ratio  of 
CO(Nn2)*N(CH3)2  to  2HC1,  leads  to  the  belief  that  the  reaction  does 
proceed  according  to  the  above  equation. 

The  velocity  determinations  are  given  below,  the  time  is  expressed 
in  minutes,  A  is  the  initial  concentration  of  cw-dimethylcarbamide,  x  is 

the  concentration  of  decomposed  substance,  and  k  is  =  -  logj^  ; 

t  A  —X 

A  -  ct'ij,  and  A  -  x,,2)  are  two  experiments,  A  -  a;  ,„,  being  the  mean. 

Table  1. 
NjlQ-Diniethylcarbainide  +  iV/16-HCl. 


Time. 

J-je. 

txl 

0 

10-69 

— 

16  5 

870 

54 

23 -6 

7-94 

55 

32-5 

7-21 

53 

59 

6-22 

53 

84 

3-79 

54 

Table  II. 
Sjid-Utniethylcarbamide  +  .V/S-HCl. 


Time. 

A-x. 

ibxK 

0 

10-62 

— 

31-5 

7-33 

51 

47-6 

612 

50 

120 

2-51 

52 

167 

1-37 

53 

Table  III. 
Nlia-Dinuithylaubamide  +  374-HCi. 
Time.  A  -  i'd).  A  -  X{^.  A  -  x^^.  k  x  10*. 


0 

10-69 

10-69 

10-69 

— 

20-5 

8-57 

8-70 

8-64 

45 

38-5 

7  12 

7-18 

7  16 

45 

59 

5-77 

5-79 

5-78 

45 

110 

3-41 

3-51 

3-46 

45 

Table  IV. 
Njl^-Dimethylcarbaimde  +  JV72-HC1. 


Time. 

A-x. 

*xl( 

0 

10-69 

— 

31-5 

8-20 

36 

47 

7-27 

36 

96 

4-86 

36 

161 

2-85 

36 
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Whilst  the  constants  in  the  different  tables  show  that  the  reaction 
is  undoubtedly  one  of  the  first  order,  it  will  be  noticed  that  the  velocity 
constant  decreases  with  increasing  concenti-ation  of  acid.  In  this 
respect,  the  behaviour  of  dimethylcarbamide  is  identical  with  that  of 
carbamide  and  methylcarbamide.  The  increasing  concentration  of 
acid  depresses  the  concentration  of  free  dimethylcarbamide,  and  thus 
apparently  diminishes  the  reaction  velocity  coefficient. 

A  determination  of  the  velocity  constant  at  59*6°  was  made  so  as 
to  compare  the  value  obtained  with  that  found  by  Walker  and  Apple- 
yard  (Trans.,  1896,  69,  193). 

Table  Y. 
I^/16-Dimethylcarbamide  +  i\716-HCl. 

Time.  A-x.  kx  10^ 

0  9-53  — 

1576  8-10  44 

4061  6-63  39 

6768  5-56  41 

7120  4-86  41 

9900  3-83  40 

Taking  the  average  value  as  41,  the  real*  value  of  A;  is  equal  to 

41  X 10~6 

*K*'>"_  =  0-000094. 
0-4343 

This  is  considerably  less  than  the  value  obtained  by  Walker  and 
Appleyard,  which  was  0-00073,  so  that  there  is  no  doubt  that  the 
velocity  with  which  the  cyanate  is  destroyed  by  the  acid  in  the  above 
experiments  is  quite  comparable  with  the  velocity  at  which  the 
cyanate  is  formed  from  the  dimethylcarbamide,  and  is  not  instan- 
taneous, as  would  be  necessary  if  the  time  value  of  the  constant 
were  to  be  obtained.  The  results  of  the  decomposition  with  acids 
show  in  every  respect  a  strong  similarity  to  those  obtained  for  carb- 
amide and  methylcarbamide,  and  there  can  be  no  doubt  that  all  the 
alkyl  derivatives  of  carbamide  decompose  in  a  similar  manner  to  those 
examples  already  studied,  and  that  tlie  general  Oijuation  representing 
the  decomposition  of  the  carbamides  by  water  is  dx/dt  =  k{A  -x)-  k'x^. 


T/ie  JJecomj)oaition   qf  OA-Dimethylcarhamide  by  Alkalis. 

Tho  dooomposition  of  cyanates  by  alkali  is  a  much  slower  process 
than  the  decomposition  by  acid,  and  a  solution  of  dimethylcarbamide 

*  No  correction  is  made  for  salt  formation  ;  hy  this  corrootion,  k  would  be  raised 
probably  by  about  10  (wr  oeut. 
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which  has  been  heated  for  some  time  with  sodium  or  potassium 
hydroxide  shows  the  presence  of  a  large  quantity  of  undecomposed 
cyanate.  The  reaction  might  therefore  be  supposed  to  take  phvce  witli 
a  considerably  smaller  velocity  than  when  acids  are  used,  but  just  as 
in  the  case  of  the  other  carbamides  we  must  assume  that,  in  addition 
to  the  decomposition  of  the  amide  by  way  of  cyanate,  there  is  also  a 
direct  action  of  the  alkali  on  the  amide  (saponification).  This  direct 
saponification  increases  with  the  coqcontration  of  alkali  employed. 

The  following  results  were  obtained  by  heating  the  solutions  in 
platinum  tubes  enclosed  iu  glass  tubing.  With  such  experiments,  it 
is  more  ditlicult  to  get  two  parallel  experiments  to  agree  than  iu  the 
previous  experiments. 

This  is  due  to  the  fact  that  the  velocity  depends  somewhat  on  the 
"gas"  space,  that  is,  the  space  not  occupied  by  the  liquid.  It  is 
somewhat  difficult  to  render  this  space  constant  when  one  tube  is 
thus  enclosed  in  another. 

Table  VI. 
N/2-Dimethi/lcarbamid«  +  N/ 2- Potassium  UydroxitU. 

iTxlO*. 

36 
29 

22 


Table   VII. 
A/'I-JJimet/tylcarbainide  +  3X/2-2*otas»ium  Hydroxide. 


rime. 

J  -  r,i). 

A  -x^3h 

-^-'Kmh 

0 

10  00 

1000 

1000 

35 

7-48 

— 

7-48 

85 

5-66 

— 

5-66 

225 

270 

3-54 

312 

Time. 

A-Xiiy 

A  -  Xi.^. 

-4 -'««>• 

ifxl 

0 

10  00 

10  00 

1000 



45 

5-65 

5-42 

5-52 

57 

203 

1-84 

1-70 

1-77 

37 

Table  VIII. 

N/2-Dimetht/lcarbajHide  +  3N/2-Sodium  Hydroxide. 

iTxlO*. 

42 
42 

38 


Time. 

^-a:,iH 

A-Xi^ 

A-Xi^y 

0 

10  00 

1000 

10  00 

55 

5-96 

5-80 

5-88 

167 

2  02 



2-02 

218 

1-60 



1-50 

1408 

0-22 

— 

0-22 

oOO      KINETICS  OF  CHEMICAL  CHANGES  WHICH  ARE  REVERSIBLE. 

The  velocity  increases  a  little  with  increased  concentration  of 
alkali,  but  the  increase  of  velocity  is  by  no  means  proportional  to  the 
increase  of  concentration,  and  it  must  be  concluded,  as  in  the  case  of 
the  carbamides  hitherto  studied,  that  even  concentrated  alkali  effects 
a  direct  hydrolysis  only  with  great  diflBculty. 

Summary  of  Results. 

The  decomposition  of  the  substances  of  the  carbamide  group  by 
acids  is  due  to  a  transformation  into  cyanate,  which  is  then  decom- 
posed by  the  acid.  The  transformation  into  cyanate  is  proportional 
to  the  concentration  of  the  amide. 

Whilst  a  small  increase  of  the  acid  concentration,  starting  from  a 
dilute  solution,  does  not  affect  the  velocity  of  decomposition  of  these 
amides,  the  effect  of  a  large  increase  of  concentration  is  to  retard 
the  velocity.  This  retardation  is  due  to  the  removal  of  some  amide 
from  the  active  amount  of  decomposing  substance  owing  to  salt 
formation. 

as-Dimethylcarbamide  decomposes  with  acids  at  about  six  to  seven 
times  the  rate  at  which  carbamide  decomposes.  The  velocity  of  de- 
composition of  as-dimethylcarbamide  with  alkalis  is  of  the  same  order 
as  that  with  acids. 

I  desire  to  express  my  thanks  to  the  Executive  Committee  of  the 
Carnegie  Trust  for  the  Universities  of  Scotland  for  a  grant  to  defray 
the  expenses  of  this  research. 

University  of  Glasgow. 
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WISLICBNUS  MEMORIA.L  LECTURE.i 

By  W.  H.  Perkix,  jun. 

When  Johannes  WisHcenus  passed  away,  two  years  ago,  an  acute 
sense  of  loss  was  felt,  not  only  in  the  world  of  Science,  where  his 
name  had  long  been  placed  among  those  of  the  great  organic 
chemists,  but  also  in  other  fields  where  men  of  science  have  but 
seldom  left  deep  impressions  of  their  personal  influence. 

Innate  qualities,  obscured  as  they  so  often  may  be  by  others 
adventitious  or  assumed,  are  not  Always  easy  to  trace  unless  history 
gives  the  clues.  But  the  character  of  Wislicenus  was  even  higher 
than  his  scientific  work,  and  I  am  tempted  to  dwell  upon  it,  rather 
than  on  the  achievements  which  are  familiar  to  chemists,  because 
the  simplicity  and  personal  force  of  the  man  were  known  to  com- 
paratively few,  while  his  chemical  fame  was,  of  course,  world-wide. 

During  the  seventeenth  century,  a  family  of  Poles,  victims  of  the 
intolerant  spirit  and  religious  persecution  of  the  time,  wandered 
homeless  into  Germany,  and  finding  at  last  congenial  surroundings 
in  Schouburg,  where  for  many  generations  afterwards  the  family  made 
their  home,  they  took  up  priestly  duties  and  devoted  their  lives  to  the 
welfare  of  their  fellow-men.  Among  their  descendants  was  Gustav 
Adolf  Wislicenus,  a  man  who  sustained  the  family  traditions  and 
shone  with  all  the  fine  qualities  of  his  race.  The  story  of  his  life 
reveals  the  fearlessness  of  his  character,  and  aids  us  in  forming  a  true 
conception  of  the  forces  in  the  composition  of  his  son  Johannes,  for 
between  the  two  men  there  was  more  in  common  than  is  usual  between 
father  and  son. 

Gustav  Adolf  Wislicenus  felt  the  weight  of  religious  oppression  at 
an  early  age,  for  whilst  jet  a  student  he  was  condemned  to  imprison- 
ment on  account  of  his  connection  with  certain  sectarian  societies. 
This  was  in  1824,  and  it  was  not  until  1829,  five  years  later,  that  his 
friends  were  able  to  obtain  for  him  a  formal  pardon  and  the  remission 
of  the  remainder  of  his  sentence.  After  his  release  he  chose  the 
vocation  of  a  Lutheran  priest,  and  from  1834  pursued  this  calling  at 
the  little  village  of  Klein- Eichstadt,  near  Querfurt,  until  he  was 
preferred  to  the  Neumarkt-Kirche  at  Halle  in  the  year  1841. 

This  period  in  Prussia  was  marked  by  the  rapid  growth  of  popular 
antagonism  to  the  efforts  made  by  the  more  powerful  of  the  clergy  to 
regulate  the  form  of  religious  worship  throughout  the  country,  and 

^  The   author  wishes   to  acknowledge   the   very  valuable  assistance   which   he 
received  from  Dr.  A.  Lapworth  while  compiling  ihis  Memorial  Lecture. 
VOL.   LXXXVIL  M   M 
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this  feeling  first  reached  its  climax  in  Saxony,  and  in  particular  among 
the  rationalistic  clergy.  With  these  pastor  Wislicenus  threw  in  his 
lot.  At  the  great  meeting  of  "  Lichtfreunde  "  at  Cothen  in  1844,  he 
gave  full  expression  to  his  revolutionary  views  on  the  foundations  of 
faith,  the  result  being  that  the  suppoi-t^rs  of  the  new  ideas  found 
themselves  denounced  as  traitors  and  their  meetings  proscribed, 
Wislicenus  himself  being  expelled  from  his  ofiice  two  yeai's  later. 

The  growth  of  the  spirit  of  independence  had  led  to  the  formation  in 
different  parts  of  the  country  of  a  number  of  '  free  congregations,' 
and  the  foundation  of  one  of  these  at  Halle  was  the  first  object  which 
Wislicenus  set  himself  to  attain  after  his  loss  of  position.  Political 
movement  culminated  in  the  revolution  of  1848  and  the  Frankfort 
Parliament.  In  the  latter,  which  was  a  Parliament  without  states- 
men, we  find  Gustav  Wislicenus  and  many  other  leaders  in  the  free 
religious  movement  occupying  positions  of  prominence  and  playing 
active  parts. 

At  this  time  Johannes  Wislicenus  was  about  fifteen  years  of 
age.  He  was  born  at  Klein-Eichstadt  on  June  24,  1835,  the  year 
following  his  father's  appointment  at  that  place,  and,  when  Halle 
became  the  home  of  the  family,  was  sent  to  the  Realschule  der 
Frankeschen  Stiftungen,  where  his  marked  zeal  was  followed  by  well 
deserved  success.  He  was  one  of  a  numerous  family  whom  the 
expulsion  of  the  father  from  office  threw  into  dire  distress,  and  tho 
boy's  experience  of  some  of  the  bitter  hardships  of  life  helped  to  steel 
liis  youthful  frame.  Even  in  these  early  days  he  took  first  place  among 
his  comrades  and  excelled  in  swimming  and  gymnastics,  but  above  all 
in  his  favourite  study,  the  German  language. 

Science  early  attracted  his  special  regard,  and  on  passing  from  school 
to  the  university  he  soon  found  himself  able  to  pay  her  the  single- 
hearted  devotion  slie  claims.  With  his  appointment  as  assistant 
to  Professor  Heiiitz  in  1853,  he  finally  dedicated  himself  to 
chemistry. 

His  absorbing  choinical  studies,  so  auspiciously  begun,  wore  nob 
long  to  be  continued  without  interruption.  The  family  j)i"ospoct3 
were  clouding  over,  and  in  this  same  year  the  father  was  condemned 
to  two  years'  imprisonment  as  a  consequence  of  tho  publication  of 
his  work  "  J^ie  lJil)el  im  liichto  der  IJildung  unsorer  Zeit."  This 
now  disaster  left  fliglit  the  only  chance,  and,  with  tho  help  of 
trusty  friouds,  (Justav  succeeded  in  making  his  escape,  while  the 
family,  under  tho  charge  of  the  young  Johannes,  followed  him. 

Proceeding  first  to  Kngland,  thoy  (unbarkud  for  the  United  States. 
Ill  fortune  again  overtook  them,  for  tho  vessel  in  which  they  sot  sail 
was  soon  dittcovcred  to  Ih)  cholera- stricken.  Tho  ship's  doctor  found 
his  tiuo  and  energies  fully  occupied  in  attending  to  the  first-class 
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passengers,  and,  in  characteristic  manner,  it  was  young  WisHcenus  who, 
in  this  emergency,  acted  as  physician  and  nurse  to  tlie  forsaken 
occupants  of  the  steerage.  When  all  hope  of  stamping  out  the  scourge 
at  last  disappeared,  the  ship  put  back  to  England,  where  the  family 
lived  in  straitened  circumstances  until  they  were  again  able  to  set  out 
for  the  New  World. 

The  sojourn  in  America  Was  not  of  long  duration,  for  at  the  end  of 
two  years  they  found  it  possible  to  return  to  Europa  During  this 
time  the  scientific  knowledge  of  Johannes  was  the  mt-^ns  of  support 
on  which  the  family  relied,  and  he  was  fortunate  enough  to 
obtain  an  appointment  as  an  assistant  to  Professor  Horsford,  of 
Harvard,  and  afterwards  he  conducteil  an  analytical  laboratory  of  his 
own  in  New  York. 

Zurich  became  the  headquarters  of  the  family  on  their  return  to 
Europe.  The  son  was  able  to  resume  his  interrupted  scientitic  career 
at  Halle,  under  Heintz,  whom  he  rejoined  in  1857,  and  with  whom  he 
remained  until  the  autumn  of   1859. 

The  friendship  which  sprung  up  between  the  two  chemists  lasted 
until  the  death  of  Heintz,  twenty  years  later.  Their  association  was 
marked  by  the  puV>lication  of  several  joint  researches.  One  of  these 
dealt  with  a  base  they  isolatetl  from  the  proilucts  obtainetl  by  heating 
aldehyde-ammonia  on  the  water-bath,  to  which,  in  the  symbols  then  in 
use,  they  assigned  the  formula  Cj^HijNOj.^  The  compound  is  that 
now  known  as  ♦'  oxytetraldin,"  CgHjjNO. 

A  second  communication  dealt  with  experiments  on  goose-gall 
and  the  nature  of  some  of  its  complicated  acidic  constituents.-  A 
third  one,  of  more  general  interest,  resulted  in  the  disappeai-ance  from 
litei-ature  of  the  "  aldehydic  acid  "  which  Liebig  considereil  was  an 
intermediate  step  in  the  oxidation  of  acetaldehyde  to  acetic  acid.  The 
paper  by  Heintz  and  Wislicenus '  exposed  the  slender  character  of 
Liebig's  evidence,  and  indicated  that  acetic  acid  is  the  only  definite 
product  obtained  when  acetaldehyde  is  treated  with  silver  oxide  in 
accordance  with  Liebig's  directions. 

It  was  at  this  time  also  that  the  first  papers  by  Wislicenus  himself 
appeared.*  These  dealt  with  his  own  views  as  to  the  relationship  of 
glycol  and  glycerine  in  the  light  of  the  type  theory  which  was  then 
the  guiding  principle  of  classification. 

In  1859  Wislicenus  left  Halle  for  Zurich.  This  step  was  his  reply 
to  the  action  of  the  governing  body  of  the  Halle  Hochschule,  who, 
before  allowing  him  the  title  of  '  Privutdoc-ent,'  required  him  to  offer 

1  Poggendorff's  Annalen,  1S58,  105,  577.  »  /j^_^  i859,  108,  517. 

3  Ibid.,  101. 

^  Halle,  Zeit.  Gcsamint.  Katurw.,  1859,  13,  270,  442;  14s  9";  J-  pr.  C/usm., 
1859,  77,  149. 
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guarantees  that  be  would  in  future  refrain  from  all  public  expression 
of  his  political  opinions.  Such  an  attempt  to  bring  pressure  on  him 
was  foredoomed  to  failure.  His  principles,  absorbed  first  from  his 
father  and  afterwards  from  his  friends  in  freedom-loving  America, 
were  already  firmly  fixed ;  he  had  come  to  regard  the  enunciation  of 
his  political  and  religious  principles  as  part  of  his  life's  work,  and 
throughout  his  career  he  was  ever  active  in  their  furtherance. 

At  Ziirich  his  progress  was  rapid.  He  was  appointed  Professor  of 
Chemistry  and  Mineralogy,  under  the  Council  of  the  Canton,  at  the 
School  of  Industries,  in  1861.  Three  years  later  he  was  made  Extra- 
ordinary Professor  and  Director  of  the  Laboratories  in  the  University, 
and  in  1867  Ordinary  Professor.  In  1870  the  Education  Council 
conferred  on  him  the  Chair  of  Chemistry  in  the  Polytechnic,  and  a  year 
later  he  was  made  Director. 

In  Ziirich  the  problems  connected  with  his  investigation  of  the  lactic 
acids  absorbed  his  special  interest.  The  question  of  the  most  suitable 
formula  for  the  acid,  which  Scheele  had  discovered  in  the  eighteenth 
century,  was  engaging  much  attention  among  chemists  and  provoking 
interesting  controversy.  On  some  points  a  preliminary  agreement 
seems  to  have  been  attained,  but  it  was  generally  recognised  that 
searching  experimental  study  was  necessary  if  a  final  verdict  was  to 
be  pronounced.  The  natural  development  of  his  earlier  research  work 
led  Wislicenus  to  examine  the  points  at  issue,  and  he  soon  perceived 
that,  to  a  certain  extent,  the  facts  as  then  known  were  in  harmony 
with  prevailing  theories  of  structure,  but  that  much  was  left  without 
explanation,  and  appeared  to  call  for  some  modification  or  extension  of 
the  existing  views. 

According  to  the  conception.s  of  structure  in  use  at  that  time,  two, 
and  only  two,  isomeric  lactic  acids  should  be  capable  of  existence,  and 
these  Jshould  be  characterised  by  complete  disparity  in  properties. 
Wislicenus  had  isolated  from  meat-extract  a  lactic  acid  which  was  not 
identical  with  Scheele's  well-known  substance,  but  the  difference  was 
not  so  marked  as  was  to  be  anticipated  in  the  case  of  an  isomeride 
such  as  the  theory  predicted.  The  effort  to  ascertain,  by  synthetic 
methods,  the  constitution  of  the  two  acids  proved  exceedingly  difficult, 
the  products  being  mixtures  of  several  substances  of  which  ordinary 
lactic  acid  certainly  aj)pcarod  to  be  the  main  constituent.  Finally, 
a  third  distinct  compound  having  the  composition  of  a  lactic  acid 
was  discovered  by  Boilstcin ;  in  regard  to  this  latter  substance, 
however,  its  rccognitioD  as  a  third  isomeride  was  greatly  delayed  by 
an  unfortunate  mistake  on  the  part  of  its  discoveier.  Tho  discovery, 
in  fact,  incrouKed  instead  of  simplifying  tho  complexity  of  tho  question. 

At  tlto  present  time,  having  tho  key  in  our  possession,  wo  uro  able 
to  trace  without  difficulty  tho  structural   rolationKJiip  of  these  acids 
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which,  to  those  workers,  was  obscured  by  masses  of  detail.  These 
details  are  now  of  secondary  importance.  They  serve,  however,  to 
make  clear  to  us  the  way  in  which  the  first  suspicions  io  the  mind  of 
Wislicenus  were  aroused. 

Even  when  surmise  became  conviction,  it  would  not  have  been 
characteristic  of  his  judicial  intellect  had  he  altogether  discarded  the 
theories  which  he  perceived  to  be  in  the  main  so  fruitful  and  so  nearly 
accurate.  To  him  it  was  more  natural  to  assume  that  the  explanation 
might  be  found  in  some  extension  of  these  theories,  and  with  brilliant 
discernment  he  showed  the  precise  direction  in  which  that  extension 
was  to  be  made,  namely,  by  taking  into  account  the  arrangement  of 
the  various  pai'ts  of  the  molecule  in  tridimensional  space,  and  he  even 
attempted  to  represent  such  a  conception  in  a  graphic  manner. 

His  views  were  expressed  in  his  address  to  the  Naturforscberver- 
sammlung  at  Innsbruck  in  1869,  and  shortly  afterwards  he  gave 
them  a  wider  publicity  in  the  new  BerichU  dtr  deuUdun  cJumischen 
Geaellchaft  ^  in  connection  with  a  paper  on  the  modifications  of  lactic 
acid.  The  precise  words  he  employed  are  worthy  of  quotation. 
"  Tatsuchen  wie  diese  werden  dazu  zwingen  die  Verschiedenheit 
isomerer  Moleciile  von  gleicher  Structurformel  durch  verschiedene 
Lagerung  ihrer  Atome  in  Raum  zu  erklareu  und  sich  nach  bestimmten 
Vorstellungen  daruber  umzusehen." 

The  new  shoot  which  was  thus  grafted  on  the  stock  of  structural 
chemistry  did  not  at  once  show  signs  of  growth,  although  it  was 
imperceptibly  acquiring  vitality  as  the  external  conditions  were 
becoming  more  suited  to  its  free  development. 

It  was  at  Ziirich,  also,  that  Wislicenus  interested  himself  for  a  time 
in  the  question  of  the  origin  of  muscular  energy,  his  association  with  his 
friend  and  colleague  Adolf  Fick  being  doubtless  resjx)nsible  for  his 
temporary  divergence  in  this  direction. 

At  that  time  Liebig's  theory  held  the  field,  it  being  generally 
supposed  that  the  energy  necessary  for  muscular  power  was  furnished 
by  the  combustion  of  the  muscle- substances,  that  is  to  say,  of  nitro- 
genous albuminous  materials,  whilst  that  supplied  by  the  oxidation  of 
the  carbohydrates  and  fats  was  mainly  of  use  in  maintaining  the 
temperature  of  the  body.  This  theory  did  not  commend  itself  to  Fick 
and  Wislicenus,  and  on  August  30,  1865,  they  undertook  the  ascent 
of  the  Faulhorn,  near  Interlaken,  for  the  purpose  of  obtaining  direct 
experimental  evidence  on  the  point.  The  minimum  work  done  in 
the  ascent  was  easily  calculated,  whilst  the  amount  of  nitrogen  in 
the  urine  voided  during  the  journey  supplied  the  basis  for  computing 
that  pxrt  of  expended  energy  which  was  supplied  by  the  destruction 
of  the  muscle-material,  a  computation  which  subsequent  experiments 

»  1869,  2,  620. 
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of  Frankland  rendered  even  more  simple.  The  results  indicated  that 
the  nitrogenous  constituents  were  responsible  only  for  a  certain  part 
of  the  energy  expended,  and  the  later  investigations  of  Voit,  Petten- 
kofer,  and  others  have  entirely  confirmed  this  conclusion. 

In  1872  Wislicenus  was  invited  to  succeed  Adolf  Strecker  at 
WUrzburg,  and  the  move  must  have  been  congenial  to  him,  for  it 
brought  him  closely  into  contact  with  a  number  of  men  of  intellect, 
including  Kohlrausch,  von  Wagner,  Sachs,  and  Sandberger.  Here 
his  attention  turned  more  particularly  to  problems  of  a  nature  suited 
to  the  powers  of  the  numerous  young  workers  whose  studies  he  was 
called  on  to  direct.  From  his  fertile  imagination  fell  the  ideas  which 
were  the  starting  points  of  many  fruitful  and  varied  experimental 
investigations.  In  particular,  the  syntheses  with  the  aid  of  molecular 
silver,  and  those  involving  the  use  of  acetoacetic  or  malonic  ester,  led 
to  the  development  of  fields  in  which  his  students  found  abundant 
space  for  useful  work.  The  extraordinary  volume  and  the  importance 
of  the  new  observations  which  flowed  from  his  laboratories  during  this 
period  evoked  the  admiration  of  the  scientific  world. 

The  time  and  attention  which  his  synthetic  researches  claimed  left 
Wislicenus  few  opportunities  for  other  investigations,  and  the  develop- 
ment of  the  conception  of  space  configuration  and  its  influence  on 
isomerism  was  making  but  little  progress,  at  least  on  the  practical  side. 
In  the  interval,  however,  the  theoretical  foundation  on  which  is  based 
our  present  view  of  stereochemical  relationships  among  carbon  com- 
pounds had  been  laid  by  van't  Hoff  and  Le  Bel.  "La  Chemie  dans 
I'Espace,"  van't  Hoff's  famous  thesis,  appeared  in  1875,  and  it  is  not 
to  be  doubted  that  Wislicenus,  jjerhaps  more  clearly  than  any  other 
chemist,  foresaw  at  once  the  vast  fields  of  research  which  the  new 
theory  was  to  open  up.  At  his  desire,  a  German  edition  of  van't 
Hoff's  work  was  undertaken  by  Felix  Hermann.  This  appeared  in 
1877  under  the  title  "Die  Lagerung  der  Atome  iin  Raumo,"  and 
contained  the  matter  of  the  French  edition  together  with  a  preface  by 
Wislicenus  himself,  who  did  not  rest  with  this  effort  to  make  the  new 
hyj)Othe«ifi  familiar  to  a  wide  circle,  but  took  every  available  oppor- 
tunity to  prcHs  its  merits  on  the  chemical  world,  which  was  disposed  to 
accord  it  a  cold  reception,  and,  in  some  quarters,  even  to  greet  it  with 
derision. 

The  death  of  Kolbe,  the  most  uncompromising  opponent,  of 
"chemistry  in  Ki>aco,"  left  vacant  the  (!imir  of  Chemistry  at  Leii)zig, 
and  the  University  was  sot  the  difl'icult  task  of  finding  tlio  man  most 
fitte<l  to  take  his  place.  The  groat,  and  perhaps  not  unexpected, 
hono)ir  foil  to  WiHliconiiH,  and  in  IHHf)  he  entered  on  his  now  duties, 
which  ho  continufMi  to  discharge  until  liis  deatli  two  years  ago. 

At  Leipzig,  Wislicenus  was  at  lust  able  to  give  his  whole  mind  to 
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the  question  of  the  space  distribution  of  the  molecule,  the  first  definite 
step  forward  being  found  in  a  jxiper  to  the  Konigl.  Sachs.  (Jesellschaft 
der  Wissenschaften  in  1887.^  This  paper  was  entitled  "  Ueber  die 
riiumliche  Anordnung  der  Atome  in  organischen  Moleculen  und  ihre 
Bestimmung  in  geometriscbisomeren  Verbindungen,"  and  was  based  on 
van't  Hoff's  conception  of  the  analogy  between  a  carbon  atom  and 
a  regular  tetrahedron,  but  involve<l  cousiilerations  of  a  chemical  nature 
on  which  van't  Hoff  had  barely  touched.  The  mutual  attractive  or 
repulsive  forces  of  the  groups  attached  to  adjacent  carbon  atoms 
were  considered  in  connection  with  the  relative  positions  whicii  these 
atoms,  when  only  singly  bound  to  one  another,  would  be  likely  to 
adopt. 

The  history  of  his  subsecjuent  investigations  in  thia  field  is  so  recent 
and  generally  so  well  known  tliat  I  may  leave  the  details  for  later 
discussion,  since  it  is  imi)Ossible  in  a  few  wonls  to  convey  an  adefjuate 
impression  of  the  services  which  they  rendere*!  to  the  science  of  stereo- 
chemistry. 

Turning  for  a  while  to  Wislicenus  in  the  rdU  of  teacher,  it  may  be 
at  once  assertetl  that  his  claim  to  our  grateful  recollection  is  of  the 
highest.  He  was  endowed  with  all  the  qualifications  which  should 
form  the  rejil  basis  of  a  great  teacher,  and  on  that  foundation  he 
built  with  scrupulous  care,  and  the  words  he  used  in  8{)eaking  of 
his  old  master  Heintz  applied  not  less  truly  to  himself  :  "  Wie  der 
Forschertatigkoit,  so  war  ihm  auch  sein  I^ehramt  und  der  Umgang 
mit  der  Jugend  Hertzensache." 

Doubtless  to  the  l>eginner  and  to  young  metlical  students  the 
matter  of  his  lectures  must  have  seemed  somewhat  tough,  but  his 
hearers,  one  ami  all,  were  impresse<l  by  his  luciility  and  l)V  the  lively 
anil  interesting  way  in  which  ho  presented  the  material  he  tiandled. 
The  feeling  that  the  lecturer  was  thoroughly  at  home  in  all  depart- 
ment.s  of  his  subject  quickly  won  the  confidence  of  every  audience 
which  he  addresseil. 

In  the  laboratory  ho  was  equally  conscientious  anU  successful. 
Everyone  there,  dowii  to  the  youngest  worker,  was  personally  known 
to  him.  By  the  careful  questions  he  put,  ho  aroused  their  pride  in 
making  accurate  observations,  and  urged  them  to  think  and  investigate 
for  themselves,  thus  awakening  their  interest  and  developing  their 
skill.  He  found  the  way  to  imbue  those  who  worked  under  him  with 
something  of  his  own  persistence,  so  tliat,  in  spite  of  experimental 
difficulties  or  long  series  of  reverses,  they  came  to  regard  the  abandon- 
ment of  a  piece  of  work  as  an  idea  not  to  be  entertained. 

Discussions  with  his  pupils  were   a   source    of   real    pleasure    to 

1  Wislicenus  gave  the  substance  of  this  paper  in  a  lecture  to  Section  ^.  at  tl^e 
meetinof  of  the  British  Association  in  Manchester  in  1887. 
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Wislicenus,  and  by  founding  the  Chemical  Societies  of  Zurich,  WUrz- 
burg,  and  Leipzig,  of  which  he  was  always  the  life  and  soul,  he  aimed 
to  bring  students  and  staff  more  closely  into  contact,  and  thus  simul- 
taneously to  strengthen  their  desire  to  acquire  a  wide  knowledge  and 
to  increase  their  interest  in  research  work.  It  is  perhaps  not  too 
much  to  say  that  the  intellectual  development  of  young  chemists  was 
to  "Wislicenus  a  study  as  absorbing  as  any  of  his  chemical  problems. 

Many  of  us  must  recall  with  pleasure  the  weekly  meetings  at  which 
Wislicenus  gathered  his  students  round  him  at  his  simple  mid-day 
meal.  His  house  was  open  to  students  and  friends  of  all  ages  and 
positions,  and  here,  as  well  as  at  the  annual  "  Bierfriihschoppen,"  where 
he  entertained  his  colleagues  and  pupils,  the  genial  and  kindly  nature 
of  their  host  was  patent  to  all. 

Those  of  us  who  shared  these  privileges  are  not  likely  to  forget  the 
impression  produced  by  his  personality.  His  long  beard,  his  fine  head 
with  its  intellectual  features,  and  his  majestic  carriage  aided  in  pro- 
ducing a  sensation  which  in  younger  men  was  not  far  from  veneration. 

The  warm  feelings  entertained  towards  him  by  his  students  doubt- 
less gave  him  keen  pleasure,  but  formal  tokens  were  always  distasteful 
to  him.  At  the  approach  of  his  sixtieth  birthday  it  came  to  his  ears 
that  covert  preparations  were  on  foot  to  give  special  recognition  to  the 
occasion,  and  the  distress  which  he  showed  was  so  evidently  sincere 
that  nothing  remained  but  to  abandon  any  idea  of  celebration. 

To  his  love  for  teaching  may  be  traced  the  reappearance  of  Strecker's 
text-book,  originally  based  on  Regnault's  "  Premiers  Elements  de 
Chemie."  After  the  death  of  Strecker  in  1871,  Wislicenus  took  upon 
himself  the  task  of  rewriting  this  book,  which  involved  him  in  many 
years'  work.  In  1874  the  organic  portion  was  published  (sixth  edition), 
but  the  inorganic  portion  (ninth  edition)  did  not  make  its  appearance 
until  1887  ;  both  were  in  reality  now  works,  for  during  the  years  which 
intervened  the  condition  of  chemistry  had  undergone  a  complete 
transformation. 

If  to  the  task  of  carrying  on  his  scientific  work  and  to  the  guidance 
of  his  pupils  ho  devoted  most  scrupulous  care,  ho  was  not  less  punc- 
tilious in  the  fulfilment  of  other  duties  which  foil  in  no  short  measure 
on  his  fehoulders.  Of  his  professorial  functions  one  of  the  least  agree- 
able was  that  of  examining,  but  the  irritation  which  an  examination 
entailed  on  liiin  did  not  affect  the  sincerity  of  his  efforts  to  form  a  just 
estimate  of  the  men  who  came  before  him. 

His  colleagues  have  borne  eloquent  testimony  that  his  thorough 
grasp  of  detail  as  well  as  principle  was  noticuul  in  all  his  dealings  with 
the  faculty  of  his  University.  Seldom  was  he  absent  from  a  business 
ineoting,  and  it  was  not  often  that  an  important  (juostiou  was  mooted 
on  which  ho   hod  not   somo   illuminating  suggestion  to  make.     His 
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advisory  reports  were  always  constructed  with  great  care,  and  were 
clear  and  finished.  In  addition  to  the  duties  of  his  chair,  he  found 
time  in  Leipzig  to  fill  the  offices  of  Dean  and  Rector  magnificus, 
positions  to  wliicli,  as  was  generally  conceded,  he  brought  exceptional 
dignity.  Twice  in  Wiirzburg  he  was  honoured  by  a  call  to  the  Rector's 
seat,  and  on  the  second  occasion  the  summons  implied  more  than 
ordinary  confidence  in  the  man  selected,  for  the  tenure  of  office  was 
intended  to  cover  the  celebrations  in  commemoration  of  the  SUOthyear 
of  the  University's  existence. 

In  spite  of  the  extraordinary  calls  which  his  acadamic  and  scientific 
work  made  on  his  energy,  he  still  was  able  to  take  a  prominent  part  in 
political  affairs.  So  far  as  was  possible,  he  held  himself  aloof  from 
party  strife,  and  for  this  reason  he  staunchly  resisted  all  proposaU 
that  he  should  submit  himself  for  election  to  the  Reichstag,  and  only 
consented  with  reluctance  to  take  office  as  a  town-councillor  at  I^ipzig. 
Hut  when  the  call  came  to  fight  for  large  ideals  and  for  the  future  of 
the  German  people,  the  instincts  of  the  leader  always  brought  him  to 
the  front. 

Wislicenus  was  a  German  to  the  core.  At  school  the  German 
language  was  one  of  his  hobbies,  and  the  folk-lore  and  mythology  of  his 
country  were  an  absorbing  study.  His  long  exile  in  other  lands  only 
served  to  strengthen  his  patriotism,  and  he  followed  heart  and  soul  the 
efforts  of  his  countrymen  to  form  a  united  nation.  He  was  an  ardent 
follower  of  Bismarck,  and  never  hesitated  to  give  the  freest  expression 
to  his  opinions.  He  strove  constantly  to  promote  a  German  colonial 
policy,  and  was  a  keen  advocate  of  proix)sals  to  form  a  great  German 
navy.  Nevertheless  throughout  his  life  he  kept  a  warm  place  in  his 
heart  for  Switzerland,  his  foster-mother. 

An  incident  which  illustrates  some  of  the  prominent  features  in  the 
character  of  Wislicenus  may  be  related.  Shortly  after  the  conclusion 
of  peace  between  France  and  Germany,  a  gathering  of  the  German 
inhabitants  of  Zurich  was  held  to  celebrate  the  occasion,  and 
Wislicenus  was  nominated  chairman.  The  Francophile  portion  of  the 
population  attacked  the  meeting  hall  with  stones,  and  set  fire  to  the 
staircase.  A  panic  arose  among  the  merry-makers,  but  Wislicenus, 
with  a  well-timed  appeal  to  their  patriotism,  restored  their  confidence, 
and  then  proceeded,  with  the  utmost  coolness,  to  show  them  how 
defences  might  be  formed,  and  to  extinguish  the  burning  stairs  with 
beer. 

He  left  the  hall  immediately  afterwards,  and  walked  quietly  through 
the  mass  of  excited  people  whose  intention  it  had  been  to  stone  him. 
But  his  commanding  presence  at  once  put  a  stop  to  any  such  idea,  and 
no  one  ventured  to  assault  him. 

Shortly  after  he  settled  in  Zurich,  Wislicenus  married   Katherine 
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Sattler,  the  grand-daughter  of  Wilhelm  Sattler,  of  Schweinfurt,  who 
shared  with  Russ  the  discovery  of  "Schweinfurt  green."  His 
happiness  was  not  long  unmarred  by  misfortune,  for  in  1866,  Hugo,  his 
brother,  who  at  the  time  was  Privat-docent  in  the  Faculty  of  Germanic 
Archaeology  at  Ziirich,  lost  his  life  as  the  result  of  an  accident  in  the 
Alps.  This  blow  was  followed  by  others  even  more  severe.  His  wife, 
after  ten  cloudless  years,  was  seized  with  an  incurable  mental  disorder, 
and  two  gifted  sons  were  taken  from  him  before  attaining  manhood. 
The  marks  made  by  these  calamities  were  never  effaced,  but  the 
interest  which  he  took  in  his  fellow  men  was  not  thereby  lessened. 
He  sought  to  save  his  friends  distress  by  striving  to  conceal  his  pain, 
and  it  is  more  than  likely  that  the  restraint  which  he  thus  imposed 
on  himself  started  the  first  tremor  which  finally  led  to  the  breakdown 
of  his  overburdened  frame. 

His  two  remaining  sons  followed  in  their  father's  footsteps,  and  he 
was  able  to  rejoice  in  their  successes.  Of  his  two  daughters,  the  elder, 
Emilie,  remained  with  him  until  his  death,  sharing  his  joys  and 
troubles  ;  his  second  daughter,  Marie,  lived  in  Ziirich  after  her  marriage, 
and  in  later  years  father  and  daughters  met  there  at  frequent 
intervals.  The  relations  between  Wislicenus  and  his  children  were 
ideal,  and  the  sympathy  which  bound  the  household  can  fully  be 
realised  only  by  those  who  have  had  the  privilege  of  entering  the 
family  circle.  Holidays,  to  them,  meant  the  fields  and  woods.  The 
father  had  built  a  charming  country  house  in  the  Schonungen  district, 
not  far  from  Schweinfurt,  and  there,  in  the  peaceful  valley  below  the 
picturesque  fortress  of  Mainberg,  he  spent  a  part  of  his  vacations  in 
quiet  study,  or  sought  to  gain  new  energy  by  tramping  the  woods 
with  gun  on  shoulder  and  his  mind  full  of  the  interests  of  country 
life. 

I  may  now  be  permitte<l  to  review  in  greater  detail  some  of  the 
scientific  work  associated  with  the  name  of  Johannes  Wislicenus.  At 
the  couumencomont  of  his  career,  the  study  of  organic  chemistry  had 
greatly  weakened  the  hold  of  tho  IJcrzolius  dualistic  electrochemical 
theory,  at  least  as  a  universal  principle,  for  the  direct  application  of 
that  conception  to  carbon  compounds  had  proved  fruitless,  and  it  was 
beginning  to  be  felt  that  even  tho  "  radical  "  theory  of  Liebig  and 
Dumas  would  prove  inadecjuato.  A.  brilliant  procession  of  new  and  un- 
expected observations  was  passing  before  the  eyes  of  the  chemical  world, 
and  tho  revolutionary  ideas  of  (torhardt  W(n'o  attrac^ting  the  fancies  of 
tho  younger  Kcthools  of  chemists,  allhougli,  as  is  usually  the  case  when 
doctrines  of  tried  iitility  are  threatened  by  ovortiirow,  the  new  views 
were  opposed  by  several  of  the  elder  men. 
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It  was  entirely  in  accordance  with  the  independence  of  thought 
which  bis  judgment  so  often  displayed  tliat,  in  his  first  contribution 
to  chemical  literature,  of  which  mention  has  already  been  made, 
Wislicenus  dissociated  himself  from  the  conservatism  of  his  teacher, 
Heintz,  and  proclaimed  himself  an  adherent  of  the  new  principles. 
Simultaneously  with  this  theoretical  paper  on  glycerine  and  the  poly< 
atomic  alcohols  appeared  others  in  which  was  detailed  the  experimental 
basis  for  the  conclusions  drawn,  the  principle  that  theory  and  ex- 
periment must  yield  each  other  mutual  support  being  hia  guide 
throughout  his  scientific  career. 

When  Wislicenus  resumed  work  at  Zurich,  the  problem  of  the  con- 
stitution of  lactic  acid  was  in  the  air.  The  discovery  of  glycol  by 
Wiirtz  in  1856,  and  the  publication  of  Ueintz's  synthesis  of  glycoUic 
acid  from  chloracetic  acid,  had  paved  the  way  for  a  preliminary  agree- 
ment between  the  schools  of  Wiirtz  and  Kolbe.  The  former  s«iw  in 
lactic  acid  a  "  diatomic  radical,  CjH^O^  "  ;  the  latter  based  his  views 
on  the  broader  conception  that  the  substance  was  really  a  monobasic 
acid,  and  endeavoured  to  show  that  it  was  very  simply  derived  from 
propionic  acid,  which  he  conceived  as  "  ethyl  foi*mic  "  acid ;  to  lactic 
acid  he,  therefore,  attributed  the  functions  of  a  "  (hydr)oxyethyl  formic  " 
acid,  and,  in  the  older  symbols  to   which  he  permanently  adhered,  he 

expressed  its  structure  by  the  type  formula  HO[C  |  „^  VCgOjJ.O. 

Wislicenus  entered  the  field  without  preformed  notions,  and,  recog- 
nising that  the  difterence  of  opinion  arose  largely  as  the  result  of  too 
narrow  conceptions  of  the  type  theory,  endeavoured  to  show  that  it 
was  easy,  merely  by  extending  the  idea  of  radicles  within  i-adicles,  to 
express  all  that  was  then  known  as  to  the  behaviour  of  lactic  acid. 
Ho  emphasised  the  fact  that,  in  accordance  with  Kolbe's  view,  lactic 
acid  is  monobasic,  and  that  the  second  replaceable  hydrogen  atom  has 
the  same  character  as  the  replaceable  hydrogen  in  alcohols.^  The 
t/tsodium  derivative  of  lactic  acid  behaves  in  much  the  same  manner  as 
does  an  alcoholate,  being  decomposed  by  carbon  dioxide,  and  even  by 
watei",  into  the  »ionosodium  derivative  and  sodium  carbonate  or 
hydroxide,  whilst  the  formation  of  a  sodium  derivative  of  ethyl  lactate 
is  iu  accordance  with  the  belief  that  this  ester  still  retains  an  alcoholic 
function.  He  considered,  in  the  terms  then  in  vogue,  that  the  divalent 
carbonyl  radicle  is  "  neutralised  "  on  one  side  by  union  with  a  positive, 
univalent  alcohol  radicle,  leaving  it  negatively  univalent,  whilst  in  the 
alcohol  radicle  itself  there  is  also  the  hydrogen  atom,  which  is  replace- 
able by  acid  groups  and  capsible  of  being  removed  with  the  oxygen 
atom  in  exchange  for  an  atom  of  chlorine. 

^  Annalcn,  1S63,  125,  41—70. 
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The  formula  he  employed  to  crystallise  his  view  of  lactic  acid  was 

CO"x 

H 

and  he  indicated  how  clearly  this  accounted  for  the  isomerism  of  the 
two  methyl  derivatives  : 

C0"\   )  CO' 

H        )  CH, 


S 


and  by  hydrolysing  Perkin's  ethyl  acetyl-lactate  he  succeeded  in  isolating 
acetyl-lactic  acid  and  its  salts : 

C^H,     )  H        ) 

Ethyl  acetyl-Tactate.  Acetyi-lactic  acid. 

He  went  on,  shortly  after  this,  to  the  study  of  malic,  tartaric,  citric,  and 
mucic  acids,^  to  which  similar  views  appeared  to  be  capable  of  applica- 
tion. These  acids  were  generally  recognised  to  be  dibasic  in  character, 
and  Kekul6  regarded  malic  acid,  for  example,  as  a  **  triabomic  dibasic  " 
acid,  whilst  Kolbe  preferred  to  picture  it  as  a  "  dibasic  mono(hydr)oxy  " 
acid.  In  order  to  determine  how  far  the  additional  oxygen  atoms  in 
these  acids  correspond  in  function  with  the  third  oxygen  atom  in 
lactic  acid,  Wislicenus  investigated  the  action  of  acetyl  chloride  on 
tlieir  neutral  esters,  the  conclusions  which  he  was  able  to  draw  being, 
(1)  that  the  so-called  atomicity  of  an  acid  is  the  sum  of  the  positive 
hydrogen  atoms  which  are  easily  replaceable  by  metals  or  alcohol 
radicles  and  of  the  negative  hydrogen  atoms  which  are  replaceable  by 
acid  radicles ;  (2)  that  the  number  of  the  negative  hydrogen  atoms  of 
the  second  type  is  best  determined  by  the  action  of  acetyl  chloride  on 
the  neutral  esters. 

While  dealing  with  his  conception  of  the  univalent  radicle     ^  xs\  ^ 

in    his   lactic  acid   formula,  ho  pointed   out    that   such   a  radicle   is 

existent  in  glycolmonochlorhydrin,       IL  )        \  ,  and  other  glycol  com- 


Clj 


fioundii.'     Ho  endeavoured  to  replace  the  halogen  atom  in  glycolmono- 
chlorhydrin   by  the    cyano-grouf)    throtigh    the    agency  of    potiissium 
ryaiiiclo,  and    by  liydrolysiH  of  (iio   product  to  convert  the   coinjiouiid 
'  Annalcn,  18CI,  129,  175-200.  •'  /hi,/.,  1807,  128,  1—67. 
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into  one  of  the  carboxylic  type.  The  method  afforded  him  an  a«.-id 
having  the  formula  CjIIgO^,  which  at  the  time  ho  consideretl  in  all 
probability  to  be  paralactic  acid  (now  known  as  a-hydroxypropionic 
acid),  trusting  to  observations  on  the  properties  of  its  zinc  salt  for  the 
evidence  as  to  its  identity.  It  must  be  said,  however,  that  subsequent 
experiments  of  Erlenmeyer  ^  proved  that  the  conclusion  drawn  by 
Wislicenus  was  erroneous,  for  the  acid  obtained  from  glycolehlorhydrin 
by  the  above  mode  of  treatment  yields  the  characteristic  zinc-calcium 
salt  of  hydracrylic  acid  (or  /3-hydroxypropionic  acid)  ;  Ei-lenmeyer  also 
showed  that  this  method  gives  but  a  poor  yield  of  the  synthetic 
product,  which  is  more  easily  obtaineil  if  the  intermediate  ethylene 
cyanohydriu  be  prepared  by  leaving  together  a  mixture  of  ethylene 
oxide  and  hydrocyanic  acid. 

The  existence  of  a  genetic  relationship  between  acetaldehyde  and 
lactic  acid  proper  had  been  rendered  probable  by  Staedler  and  by 
Engelhardt  among  others,  for  aldehyde  could  be  obtained  fiom  the  acid 
in  several  different  ways  ;  Strecker,  moreover,  had  effected  a  synthesis 
of  lactic  acid  from  acetaldehyde  by  way  of  alanine  (a-aminopropionie 
acid).  Those  facts  suggested  to  Wislicenus  that  the  divalent  radicle, 
CjjH^",  of  ordinary  lactic  acid  was  identical  with  the  "ethylidene" 
radicle  of  acetaldehyde,  and  he  confirmed  this  suggestion  experiment- 
ally by  a  synthesis  of  lactic  acid  from  the  aldehyde — a  synthesis  which 
was  analogous,  at  least  in  appearance,  to  that  by  means  of  which 
glycolehlorhydrin  had  yielded  him  the  isomeric  acid.  The  process  con- 
sisted in  preparing  the  rec^uisite  ethylidenechlorhydrin  by  the  direct 
addition  of  hydrogen  chloride  to  aldehyde,  and  subjecting  the  halogen 
compound  to  the  usual  processes ;  he  also  effected  the  synthesis  by  the 
now  well-known  method  involving  the  formation  of  ethylidenecyano- 
hydrin  by  direct  addition  of  hydrogen  cyanide  to  the  aldehyde. 

At  this  juncture  he  considered  the  results  of  experiments  to  justify 
the  conclusion  that  the  existence  of  two  isomeric  CjH^"  radicles  in 
paralactic  acid  from  meat  juice  and  ordinary  lactic  acid  respectively 
was  established ;  in  the  paper  appear  for  the  first  time  the  names 
"  ethylenelactic  acid  "  and  "  ethyUdenelactic  acid,"  and  these  terms 
have  remained  in  common  use  up  to  the  present  time,  although  the 
error  made  by  Wislicenus  in  the  application  of  the  former  term 
to  paralactic  acid  was  soon  corrected  when  Erlenmeyer  showed  that 
hydracrylic  acid  was  the  compound  to  which  it  should  properly  be 
assigned. 

In  the  same  paper  which  contains  the  account  of  these  results  *  is 
to  be  found  an  interesting  discussion  on  different  modes  in  which  the 
reactions  of  lactic  acid  could  be  expressed  by  type-theory  formulae,  and 
a  free  translation  of  the  concluding  remarks  on  this  subject  may  be 

*  AunaUn,  1867,  141,  261.  *  Uid.,  1863,  128,  1  et  eeq. 
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given.  "  The  formulpe  for  lactic  acid,  which  I  have  given  above, 
repi'esent,  not  different,  but  one  and  the  same  kind  of  combination 
between  the  parts  of  the  lactic  acid  molecule ;  the  radicles  in  them 
are  identical,  the  kind  of  mutual  saturation  is  the  same  throughout, 
and  the  only  change  made  is  the  order  in  which  they  come.  Svich 
a  change  in  order  would  always  be  justified  even  if  we  understood  the 
mode  in  which  the  atoms  are  distributed  in  space,  because  our  present 
formulae  can  do  no  more  than  present  us  with  a  picture  of  the  com- 
pound in  one  plane.  If  we  wish  to  rejjresent  the  properties  of  a 
compound  from  all  points  of  view,  many  different  formulae,  emphasising 
different  characteristics,  are  necessary,  and  so  long  as  these  different 
chemical  formulas  exhibit  the  differences  in  order  only  and  not  in  the 
type  of  union  of  the  adjacent  parts,  so  long,  in  my  opinion,  will  they 
be  wanting  in  scientific  precision."  He  here  seized  the  opportunity  to 
point  out  that  the  theory  of  molecular  structure  must  be  set  on  a 
broader  basis,  remarking  that  it  was  no  longer  possible  to  contend  that 
the  equivalent  substitution  of  hydrogen  produces  only  secondary  effects 
on  the  general  character  of  a  compound. 

The  properties  of  the  so-called  "  anhydrous  lactic  acid "  next 
absorbed  his  energies.^  Pelouze  had  investigated  the  action  of 
ammonia  on  this  substance,  and  found  that  ammonium  lactate  was 
formed,  Avhilst  Laurent  found  that  only  one-half  of  the  ammonia 
absorbed  could  again  be  directly  obtained  in  the  form  of  platini- 
chloride,  the  other  half  being  combined  in  a  non-separable  form. 
Laurent  drew  the  conclusion  that  the  product  he  obtained  arose  as 
the  result  of  a  decomposition  of  an  ammonium  aminolactate  or 
lactamate,  Wislicenus^  had  already  suggested  that  "anhydrous 
lactic  acid  "  was  ester-like  in  character,  one  residue  of  lactic  acid 
functionating  as  the  acid  radicle  and  another  as  the  alcoholic  radicle, 
BO  that  by  the  action  of  ammonia  it  might  ])e  expected  to  aft'oi'd  one 
molecule  of  lactamide  and  another  of  lactic  acid,  or  rather  of  its 
ammonium  salt ;  by  carrying  out  the  reaction  with  ammonia  in  an 
alcoholic  solution  of  **  anhydrous  lactic  acid,"  lie  was  able  to  prove 
that  both  these  compounds  are  formed  immediately,  and  therefore  are 
not  merely  secondary  products  as  Laurent  had  supposed. 

During  the  next  two  or  throe  years  a  great  advance  was  made, 
because  Frankland's  graphic  methods  of  representing  the  constitu- 
tion of  carbon  comjxjunds  began  generally  to  be  adopted,  and  we 
fin<l  them  oniploye<l  in  all  the  subsequent  communications  from 
Wislicenus  on  the  subject  of  lactic  acid,  hence  it  will  not  bo  in- 
consistont  if  at  this  point  I  follow  the  sequence  of  historical 
events,  and  at  once  employ  the  modern  grapiiic  Hynibols  to  depict 
the  process  by  which  Driiggur,  in  18G4,  confirmed  tliu  views  of 
»  Annalen,  1865,  188,  267.  »  Jbid.,  1808,  128,  00. 
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Wislicenus  regarding  the  nature  of  "anhydrous  hictic  acid,"  or 
"dihydrolactic  acid,"  as  it  has  more  recently  been  termed.  Briigger's 
method  ^  consisted  in  heating  potassium  lactate  with  a-bromopropionic 
acid,  the  product  proving  to  be  the  anhydro-coun>ound  in  question. 

9H3  CH3  CH3  CH3 

Cn(OH)    +    Br(jJH  =   ^H(OH)__CH  +   KBr. 

CO-OK  CO-OH         (X)-0    ^       CO-OH 

A  striking  observation  of  Strecker's  arrested  the  attention  of 
Wislicenus ;  by  the  action  of  heat  on  sarcolactic  acid,  an  anhydride  of 
ordinary  lactic  acid  was  obtained,  and  Wislicenus,  who  at  this  time 
considered  that  sarcolactic  or  paralactic  acid  was  ethylenelactic 
acid,  supposed  that  this  involved  a  conversion  of  /S-hydroxypropionic 
acid  into  a-hydroxypropionic  acid,  and  in  order  to  determine  if  such 
a  change  might  be  brought  about  in  the  homologues  of  lactic  acid, 
he  examined  the  proi)ertie8  of  the  hydroxybut>Tic  acid  which  he 
prepared  for  the  purix)se  by  the  retluction  of  CJeuther's  acetylacetic 
ether.  This  acid  he  considered  to  be  the  analogue  of  paralactic  acid, 
for  the  isomeric  acid  prepared  by  Fiiedel  and  Machucca  from 
brominated  butyric  acid  he  correctly  suj)posed  to  be  the  corresponding 
a-hydroxy-acid.  He  was  unable  to  satisfy  himself  that,  on  healing 
/8-hydroxybutyric  acid,  any  change  took  place  cori-esponding  with  that 
noticed  by  Stre<*ker  in  the  case  of  paralactic  acid,  but  observing  that 
the  salts  of  )8-hydroxybutyric  acid  swelled  when  heateil,  he  suggested 
that, the  non-occurrence  of  the  expected  isomeric  change  was  the  result 
of  the  conversion  of  the  compound  into  the  unsaturated  acid  by  loss 
of  a  molecule  of  water.*  It  is  now  clear,  of  coui-se,  that  the  change 
which  paralactic  acid  undergoes  when  heated  is  a  simple  case  of  race- 
misation,  such  as  occurs  also  in  the  case  of  mandelic  acid,  involving 
no  further  structural  alteration. 

It  was  at  about  this  time  that  his  first  important  paper  on  the  acid 
from  /3-iodopropionic  acid  made  its  ap}>earance.'  Beilstein  had  pre- 
viously carried  out  the  hydrolysis  of  the  iodo-acid  by  moist  silver 
oxide,  but,  unfortunately,  had  failetl  to  i-ecognise  the  true  character  of 
the  product,  to  which  he  assigned  the  name  "  hydracrylic  acid  "  and 
the  formula  CigH^j^Oj^.  Two  years  afterwards,  Moldenhauer  found 
that  Beilstein's  acid  could  be  converted  into  a  compound  having  the  same 
empirical  formula  as  lactic  acid  by  heating  it  with  a  solution  of  alkaline 
hydroxides,  and  this  paper  was  succeeded  by  others  emanating  from 
Wichelhaus  and  from  von  Richter.  Wislicenus  re-examined  Beilstein's 
acid,  and,  by  preparing  its  crystalline  salts,  succeeded  in  proving  that 

1  Zeii.fur  Chem.,  1869,  6,  338. 
»  Annalen,  1869,  149,  205—215. 
»  Zeit.fur  Chem.^  1868,  4s  683—684. 
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it  was  isomeric  with  lactic  acid.  He  returned  to  the  suhject  some 
years  later  ^  in  consequence  of  an  expression  of  opinion  from 
Wichelhaus,  who  considered  that  hydracrylic  acid  was  identical  with 
ethylenelactic  acid ;  an  opinion  which  Wislicenus  did  not  share, 
although,  as  he  believed,  ethylenelactic  acid  is  undoubtedly  present  in 
small  quantities  in  the  crude  acid  from  meat-extract.  It  is  only  fair 
to  note  that  both  Erlenmeyer  and  Klimenko  failed  to  confirm  the 
latter  statement.  Wislicenus  showed  that  the  action  of  silver  oxide 
on  )8-iodopropionic  acid  affords,  not  only  a  lactic  acid,  but  also  acrylic 
acid,  Cgli^O^,  and  two  isomeric  acids  having  the  formula  CglljQOg. 
which  he  termed  dehydracrylic  and  paradipimalic  acids  respectively, 
Heintz,  by  warming  ^-iodopropionic  acid  with  milk  of  lime,  also 
observed  the  formation  of  lactic  and  acrylic  acids,  but  did  not  detect 
the  other  acids  discovered  by  Wislicenus ;  he  also  discovered  the 
characteristic  double  zinc-calcium  salt  of  the  lactic  acid  formed. 
Heintz,  like  Wichelhaus,  believed  that  Beilstein's  acid  must  be 
regarded  as  ethylenelactic  acid. 

The  reason  urged  by  Wislicenus  in  support  of  his  contention  that 
hydracrylic  acid  is  not  ethylenelatic  acid  was  that  he  was  unable  to 
convert  it  into  malonic  acid,  which  the  latter  afforded  him  without 
difficulty ;  moreover,  the  acid  which  he  had  obtained  from  ethylene- 
chlorohydrin  had  refused  to  yield  /3-iodopropionic  acid  on  treatment 
with  hydrogen  iodide,  and  gave  only  amorphous  salts,  whilst  hydra- 
crylic acid  could  be  reconverted  into  /3-iodopropionic  acid  without 
difliculty. 

He  considered  that  the  two  compounds  were  very  closely  related, 
however,  and  suggested  that  ;3-iodopropionic,  glyceric,  hydracrylic  and 
acrylic  acids  were  not  true  carboxylic  acids,  and  his  conception  of  their 
relationship  was  expressed  by  the  following  formulae  : — 

(j)n,-I  CHj-OH  (pHj-OH  CHj 

^*^CII-OH  ^"^CH-OH  ^*^Cn-OH  ^^CH-OU 

/B-Iodopropionic  Glyceric  acid.  Hyilracrylic  Acrylic  acid. 

acid.  acid. 

It  was  the  experiments  of  Erlenmeyer,^  to  which  reference  has 
already  been  made,  wliicrh  revealed  the  trap  into  which  Wislicenus  had 
fallen,  and  served  to  establish  the  identity  of  hydiacrylic  and  ethylene- 
lactic acids. 

Wislicenus,  in  1873,  once  more  took  up  the  investigation  of  the  acids 
from  meat-extract,'  and  confirmed  ^Strocker's  observation  tliat  para- 
lactic  acid  may  be  converted  into  the  anhydride  of  ordinary  lactic  acid, 

>  Annalai,  1873,  166,  3,  el  geq.  «  Ihid,  1878,  191,  261. 

»  JHd.,  1873,  166,  3—04  ;  167,  302-346. 
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and  proved  that,  by  heating  (he  former  at  135 — 140°,  a  complete 
conveision  of  tlie  active  into  the  inactive  acid  may  be  brought  about. 
Comparative  experiments  on  the  two  acids  showed  him  that  both 
compounds  yield  aldehyde  and  under  precisely  similar  conditions, 
forcing  him  to  the  conclusion  that  there  is  no  profound  difference  in 
structure  between  the  two,  so  that  the  facts  accumulated  up  to  that 
time  indicated  clearly  enough  that  jmralactic  acid  and  fermentation 
lactic  acid  must  be  represented  by  the  same  chemical  formula, 

HOH. 
,H 

It  is  worth  while  to  quote  the  words  in  which  he  announced  his 
conclusion  to  the  German  Chemical  Soc-iety,^  for  they  must  be  memor- 
able as  marking  the  fii'st  step  towards  the  development  of  chemistry  in 
space.  "  Es  ist  damit  der  erste  sicher  constatierta  Fall  gegeben,  dass 
die  Zahl  der  Isomeren  die  der  Struckturmoglichkeiten  ubersteigen 
kann.  Tatsachen  wie  diese  werden  dazu  zwingen,  die  Verschieden- 
heit  isomerer  Molecule  von  gleicher  Strucktuiformel  durch  vei-schietl- 
ene  Liigerung  ihrer  Atome  im  Raum  zu  erklaren  und  sich  nach 
bestimmten  Vorstellungen  dariiber  umzusehen." 

For  the  ty\yQ  of  isomerism  which  dejiends  on  the  varying  space 
distribution  of  the  atoms  in  the  molecule,  he  used  the  term  "  geo- 
metrical isomerism,"  *  a  name  which  was  afterwarils  replaced  in 
1888  by  the  word  "stereoisomerism,"  coined  by  Victor  Meyer. 

The  years  over  which  the  investigations  on  lactic  acid  extended  were 
not  without  results  in  other  fields.  At  one  time  AVislicenus  seems  to 
have  taken  some  interest  in  inorganic  chemistry  and  in  water  and 
gas  analysis,  but  this  was  in  his  earlier  years,  and  his  later  work  lay 
almost  exclusively  in  the  domain  of  carbon  chemistry. 

In  1869  appeared  his  first  paper  on  the  subject  of  the  dibasic  acids 
of  the  oxalic  series  C„H2„(COj,H)2.*  The  nomenclature  which  he  here 
proposed  for  the  first  few  members  of  the  series  is  practically  the 
same  as  that  in  use  at  the  present  time,  except  that  "  lipic  acid  "  has 
become  *'  glutai-ic  acid."  In  this  communication  the  use  of  '*  molecular 
silver  "  as  a  synthetic  agent  is  described  for  the  first  time ;  this  agent, 
prepared  by  the  reduction  of  silver  chloride  in  the  cold,  was  heated 
with  ^-iodopropionic  acid,  first  at  100 — 120^,  and  then  at  150—160°, 
the  product  being  adipic  acid, 

2C0,H.CH,-CH,.I  +  2Ag  =  iH^CH!^CO,H  "^  ^^^^^ 

1  Ber.,  1869,  2,  620.  «  Annalen,  1873,  167,  345. 

»  Ibid.,  1869,  149,  215—224. 
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A  synthesis  of  another  member  of  this  series,  namely,  succinic  acid, 
was  also  accomplished,  and  this  experiment  appears  to  have  given 
rise  to  the  long  and  valuable  series  of  researches  on  acetoacetic  ester 
which  emanated  from  the  laboratories  of  Ziirich  and  Wiirzburg  under 
the  auspices  of  Wislicenus.  The  synthesis  refen-ed  to  consisted  in 
bringing  ethyl  chloroacetate  into  reaction  with  the  product  obtained 
by  the  action  of  sodium  on  ethyl  acetate — a  product  which  was 
generally  held  to  be  a  simple  substitution  derivative,  although  Geuther 
himself  maintained  the  view  which  is  now  known  to  be  the  correct 
one.  The  conception  which,  at  the  time,  Wislicenus  formed  of  the 
process  was  as  follows  : — 

Cl-CH./C02-C,H5  +  Na-CH2-C02-C2H,=  I     2  ^^^^  ^2    ^  +  NaCl. 

The  method  was  found  to  lead  to  the  formation  of  a  by-product, 
the  investigation  of  which  Wislicenus  left  in  the  hands  of  his  pupil 
Noeldecke,  who  succeeded  in  proving  it  to  be  acetopropionic  acid, 
CHj'CO'CHj'CHg'COgH  -,  this  substance,  as  was  afterwards  shown, 
is  produced  by  the  elimination  of  carbon  dioxide  from  acetosuccinic 
acid,  from  the  ethyl  ester  of  which  in  reality  the  succinic  acid  formed 
in  the  reaction  is  also  produced. 

In  the  same  year  appeared  communications  on  duplothioacetone,^ 
which  he  prepared  from  acetone  by  means  of  phosphorus  trisulphide, 
and  on  the  dibromobenzenes.  His  investigations  on  the  latter  subject 
were  carried  out  in  conjunction  with  Riese,  and  included  experiments 
on  the  action  of  sodium  on  the  ci-ystalline  dibrorao-compound,  a  process 
which  gave  rise  to  diphenyl,  diphenylbeuzene,  and  other  products ;  the 
oily  " /8-dibromobenzene  "  which  accompanies  the  former  was  purified 
and  converted  into  its  nitro-derivative,  and  the  latter  shown  to  be 
different  from  the  nitro-compound  of  crystalline  dibromobenzene. 

Among  the  first  papers  j)ublishcd  by  Wislicenus  after  his  promotion 
to  Wurzl)urg  was  a  conuuunication  on  a  synthesis  of  hydantoic  acid, 
which  was  shown  to  be  the  product  obtained  when  cyanic  acid  acts  on 
glycocoll.2 

yilj-NHj  +  IICNO  =  Clf  j-NH-CO-NIlj 

COjU  00,11 

Tbo  BynthoHJs  of  othylmalonic  aci<l  from  normal  butyric  acid  was 
ncconiplished  by  liim  in  conjunction  with  Urech,*  the  process 
involving  the  conversion  of  the  butyric  acid  into  its  a-brominated 
dorivativo,  which,  by  the   a(!tion  of  potassium   cyanide,   followed   by 

•  Zeil.fUr  Uhein.,  1809,  S,  8a4— 826.  '■'  AnnaUn,  187a,  166,  108. 

»  Jbid.   1)8—98 
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the  hydrolysis  of  the  resulting  a-cyanobutyric  acid,  gave  the  sub- 
stituted malonic  acid  without  difficulty, 

CHg-CH/CHBr-CO^H  -^  CH3-CH2-CH(ON)'CO,H  -^ 

OH3-CH./CH(CO.,U)2. 

The  years  1874  and  1875  wei-e  signalised  by  the  ap^tearauce  of  a 
long  series  of  communications  from  ,the  "Wiirzburg  laboratories.' 
These  were  mainly  the  results  of  work  undertaken  by  hia 
students,  and  covered  a  very  wide  range.  With  Goldeuberg,  benzoin 
was  shown  to  be  capable  of  reduction  to  Ziuin'g  desoxybenzoin,  and 
the  latter  to  dibenzyl,  while  benzoinpinacone  was  obtained  for  the  first 
time.  Bonne,  Goldenberg.  and  Zimmermann  investigated  silver  deriva- 
tives of  biuret  and  its  allies,  and  used  them  to  prepare  alkyl  derivatives. 
To  Zimmermann  was  entrusted  an  interesting  piec*e  of  work  on  tho 
constitution  of  phosphorous  acid,  the  possibility  that  triethyl  phosphite 

might  be  represented  by  the  formula  OIP^O'CjHj  being  tested  and 

disposed  of  by  showing  that  the  ester  yields  no  ethylpbosphinic  acid 
on  hydrolysis,  but  only  phosphorous  acid,  and  that  by  absorption  of  oxygen 

it  is  converted  into  ethyl  phosphate,  01  P\-0'CjH,  ;  it  was  also  observed 

that,  on  addition  of  sodium  hydroxide  to  concentrated  phosphorous  acid, 
a  syrup  may  be  obtained  in  which  the  ratio  P :  Na  is  approximately 
1  :  3,  the  conclusion  being  drawn  that  P(OH),  correctly  represents  the 
properties  of  the  acid. 

The  investigation  of  the  behaviour  of  zinc  ethyl  towards  dichloro- 
ether  fell  into  the  hands  of  Kessel,  and  Frankland's  "  dinitroethylic 
acid "   gave  Zuckschwerdt   results    which   appeared  to    Wislicenus  to 

N*C  H 

justify  the   formula  0<^X  p,*tt^  for  that  compound.     Zuckschwerdt, 

also  re-examined  the  complex  product  obtained  when  sulphur  dioxide  is 
brought  into  contact  with  zinc  ethyl. 

A  useful  synthetic  process  was  worked  out  by  Forster,  who  found 
that  mercuriphenylammonium  chloride  reacts  smoothly  with  thio- 
carbamides,   the   process   leading   to    the    production   of    guanidines, 

NHg(CgH5)HCl  +  SIClNHCgH^),  =  HgS  +  N(C,H5):C(NH-C,H5)„HC1. 

The  study  of  the  isomeric  solid  and  liquid  crotonic  acids  was 
undertaken  by  V.  Hemilian  ;  the  pure  solid  acid  gave  both  "a"  and 
"  /3 "  sulpho-  and  iodobutyric  acids,  a  fact  which  led  Wislicenus  to 
conclude  that  the  formvda  CHj'CHICH'COjH   represented  the  struc- 

1  Ber.,  1874,  7,  286—298,  683—392,  892— 893 ;  1875,  8,  1034—1040,  1206—1209. 

N   N   2 


520  PERKIN:   WISLICENUS   MEMORIAL   LECTURE. 

ture  of  solid  crotonic  acid,  whilst  the  liquid  acid  was  presumably 
CHglCH'CHg'COgH,  although,  as  he  admitted,  malonic  acid  is  not 
among  the  products  formed  when  the  liquid  acid  is  fused  with  potas- 
sium hydroxide.  This  communication  is  of  especial  interest  when  it  is 
remembered  that  the  difference  between  the  two  acids  was  afterwards 
assigned  by  Wislicenus  to  stereochemical  causes,  the  existence  of 
which  he  was  at  this  time  being  led  to  infer  from  his  lactic  acid 
researches. 

In  the  same  set  of  papers  is  one  containing  an  account  of  the  work 
which  initiated  the  long  series  of  syntheses  by  the  aid  of  pure  aceto- 
acetic  ester  which  were  carried  out  in  the  WUrzburg  laboratories.^ 
Wislicenus  cited  here  the  new  evidence  confirming  Geuther's  views  and 
refuting  the  suggestions  of  others  that  the  metal  compound  obtained 
by  the  action  of  sodium  on  ethyl  acetate  is  a  simple  substitution  deri- 
vative of  the  latter ;  the  substance  was  definitely  shown  to  be  ethyl 
«oc?t'oacetoacetate,  and  attention  was  drawn  to  the  improvement  in  the 
synthetic  process  which  may  be  effected  if,  instead  of  employing  the 
crude  material  prepared  by  heating  ethyl  acetate  with  sodium,  the  pure 
acetoacetic  ester  is  first  isolated  ;  the  use  of  benzene  as  a  diluent 
and  of  excess  of  sodium,  afterwards  to  be  removed,  was  also  suggested. 
Goldenberg,  Ehrlich,  Zeidler,  Saur,  and  others  carried  out  the  experi- 
mental details  of  the  work,  proving  that  the  product  so  prepared  may 
afford  nearly  quantitative  yields  of  substituted  acetoacetic  esters  on 
treatment  with  alkyl  iodides,  benzyl  chloride  or  benzoyl  chloride. 
Finally,  it  was  shown  that  the  wowo-substituted  products  are  capable 
once  more  of  reacting  with  sodium  and  alkyl  iodides,  affording  the  di- 
substituted  derivatives,  so  that  the  complicated  theories  put  forward 
by  Frankland  and  Duppa  and  by  Geuther  in  explanation  of  the  pro- 
duction of  dialkylacetic  acids,  as  by-products  in  the  old  process,  were 
rendered  unnecessary. 

With  Conrad,  whose  name  afterwards  became  so  closely  identified 
with  the  progress  of  the  acetoacetic  ester  and  malonic  ester  syntheses, 
Wislicenus  was  able  satisfactorily  to  explain  the  origin  of  the  dehydr- 
acetic  acid  which  is  formed  by  the  distillation  of  acetoacetic  ester,  four 
molecules  of  which  interact  so  that  four  molecules  of  ethyl  acetate 
are  eliminated, 

iCUj-CO-CHj'COj-CjHj  -  CgHgO^  +  4CH3-C02-C2H5, 
whilst  to  Ruegheinier  and  Harrow  is  due  the  joint  honour   of    the 
discovery  of  the  syntlietic  reactions  by  which  the  sodium  derivatives 
of  /3-ketonic  acids  may  bo  converted  into  diacotylsuccinic  esters, 

'  r..r.,  U7I,  7,  rsj. 
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Other  papers  published  at  this  period,  with  Ebrlich,  Rohrbeck, 
Waldschmidt,  Saur,  C!onrad,  and  others  as  joint  authors,  dealt  with  the 
continuation  of  this  work.  The  /3-hydroxy-a-substituted  butyric  acids 
obtained  as  reduction  products  from  the  alkylacetoacetic  esters  came 
under  observation,  as  well  as  the  a-substituted  crotonic  acids  which 
are  produced  by  their  dehydration ;  thus  from  methylacetoacetic  ester, 
by  this  series  of  changes, 

CH3-CO-CH(CH3)-COj-C,H5  — >  t'H3-CH.OU;-UHi^UHj-CO,H  — > 

ch3'Ch:c(cHs)-co2H. 

a  methylcrotonic  acid  was  isolated  and  identified  with  the  pro- 
duct prepared  by  Frankland  and  Duppa  from  ethomethoxalic  acid, 
CH3-CH2-C(CH3)(OH)-COjH,  by  removal  of  the  elements  of  water. 
The  hydrolysis  of  methylethylacetoacetic  ester  yielded  a  valeric  acid 
which  resembled  ordinary  valeric  acid  in  nearly  all  particulars,  except 
that  its  barium  salt  could  not  be  obtained  in  a  crystalline  condition. 
With  reference  to  this  acid  the  remark  is  made,  **  aus  dieser  Syntheso 
geht  mit  Sicherheit  hervor,  dass  Erlenmeyer's  Vermuthung  der 
sogenannte  optisch-active  Amyl  Alcohol  entspreche  der  Formel 
CH8-CH2-CH(Cn3)-CHj-OH  und  die  daraus  dargestellte  Valerian- 
saure  CH3-CH2-CH(CH3)-COOH  in  der  That  richtig  sei,"  a  conclusion 
which,  although  since  proved  to  be  correct,  was  perhaps  scarcely  justified 
by  the  results  of  the  exj>eriment8  just  mentioiied. 

Arising  out  of  the  study  of  the  action  of  sodium  on  ethyl  acetate,  an 
examination  was  made  of  the  comj)Ound  first  isolated  by  von  Fehling 
as  the  product  of  the  action  of  sodium  with  ethyl  succinate.  Herrmann 
was  instrumental  in  proving  that  the  substance  is  similar  in  character 
to  ethyl  acetoacetate,  but  yields  a  mono-  and  also  a  di-potassium 
derivative  decomposed  by  carbon  dioxide,  the  results  seeming  at  that 
time   to   indicate   that   the  substance  was  a  ring  compound  of  the 

,    CH,-CO-CH-CO„-C,H. 

formula  i     "^  T  '     ^    *. 

CH,-CO-CH-CO,-C2H5 

The      investigation     of     the     isomeric     ethylacetosuccinic      esters 

Wislieenus  assigned   to  Clowes   and   Huggenburg ;    the   first   of   the 

isomerides  was  prepared  by  the  interaction  of  ethyl  sodioacetoacetate 

and  ethyl  a-bromobutyi-ate, 

CHNa(CO-CH3)-C02-aH5   +   CHBr(C.,Hj,)-C02-C3H5   = 
CH(C0.CH;).C02.C2H,       ^ 
CH(C2H5)-C02-C2H, 

and  the  second  by  ethylating  acetosuccinic  ester, 

CHNa-CO-CHg   ^   ^  ^  .   _    9(C2H,)(CO-CH3).C02-C2H, 
CHg-COg-CgHs  CH^-COj-CoHj  -•-   —    . 
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in  accordance  with  the  formulae  assigned,  the  former  was  attacked  at 
once  by  sodium,  hydrogen  being  evolved,  whilst  the  latter  was 
practically  unafEected. 

The  most  important  communication  from  the  pen  of  Wislicenus 
during  the  year  1877  was,  without  doubt,  a  masterly  summary  of  the 
knowledge  which  had  accumulated  up  to  that  time  on  the  subject  of 
ethyl  acetoacetate  and  its  applications  as  a  synthetic  agent,^  In  the 
following  year  this  was  supplemented  by  a  valuable  treatise  on  the 
manner  in  which  the  proportion  of  "acid"  and  "ketone"  decomposi- 
tions is  regulated  by  varied  conditions  which  may  be  imposed  during 
the  hydrolysis  of  the  ester  and  its  substitution  derivatives,^  the 
remarkable  point  elicited  being  the  irregular  modes  in  which  the 
esters  decompose  and  the  consequent  difficulty  in  foretelling  even 
to  a  rough  degree  of  approximation  the  way  in  which  a  new  ester 
may  behave  under  given  circumstances. 

It  should  be  recorded  that  at  about  the  period  of  which  we  are 
speaking,  Conrad  and  Limpach,  pupils  of  Wislicenus,  worked  out  the 
details  of  the  method,  since  then  almost  universally  adopted  in  carry- 
ing out  syntheses  such  as  those  involving  the  use  of  acetoacetic  or 
malonic  ester,  namely,  that  of  preparing  the  necessary  sodium 
derivative  by  a  process  of  double  decomposition,  the  ester  being  added 
to  alcohol  in  which  the  calculated  quantity  of  sodium  has  previously 
been  dissolved. 

The  work  which  Wislicenus  entrusted  to  the  author  during  his  stay 
of  two  years  (1880 — 1882)  in  Wiirzburg  was  the  investigation  of  the 
condensation  products  which  are  formed  when  cenanthol  is  treated  with 
caustic  potash  or  other  reagents,  a  subject  which  at  that  time  was  little 
understood,  but  which  has  since,  in  the  case  of  other  aldehydes,  been 
thoroughly  worked  out  by  Lieben  and  his  pupils.  But  in  a  laboratory 
like  that  of  Wiirzburg,  in  which  so  much  work  of  so  varied  a  nature  is 
being  carried  on,  more,  perhaps,  is  learnt  by  watching  others  than  from 
the  research  the  student  is  actually  engaged  in.  The  constant  contact 
with  men  engaged  in  syntheses  with  the  aid  of  ethyl  f^odioacetoacetate 
and  sodiomalonate  familiarised  the  author  with  these  reagents  and 
undoubte<lly  helped  to  suggest  the  methods  which  were  subsequently 
employed  in  his  roKearchos  on  the  formation  of  closed  carbon  chains. 
Indeed  the  first  small  experiment  on  the  action  of  ethylene  dibromide 
on  the  sodium  compound  of  ethyl  malonato  was  carried  out  in  the 
Wiirzburg  laboratories,  but  at  that  time  without  result. 

The   scientific    pa[>ers    associateil    with    the    name   of    Wislicenus 

iKjtwoen  the  years  1877  anti  1887  are  few   in  number;  one  or  two 

dealing  with  compounds  obtaine^l  by  tlie  acetoacetic  ostor  synthesis, 

at  well  BH  others  containing  the  results  of  experiments  on  dichloro- 

•  AnnaUn,  1877,  186,  I'M -228.  '*  Ibid.,  1878,  190,  257—281. 


PERKIN:    WISLICENUS   MEMORIAL   LECTURE.  523 

ether  and  on  reduction  products  of  pbthalic  anhydride,  are  to  be  found, 
but  these  studies  appear  to  have  aroused  in  him  only  a  passing  interest. 
The  work  involved  in  the  revision  of  Strecker's  text-book,  his  academic 
and  political  duties,  his  translation  to  the  Leipzig  chair  in  1885,  were 
doubtless  all  in  part  responsible  for  the  apparent  falling  off  in  im- 
portance of  his  contributions  to  chemical  literature.  The  appe^;^nce 
in  1888  and  1889  of  his  epoch-making  papers  on  space  relations  of 
the  atoms  in  carbon  compounds,  on  which  he  had  poixderetl  for  many 
years,  synchronised  with  a  renewed  activity  in  research  work  more 
commensurate  with  the  expectations  of  the  scientific  world  which 
knew  his  powers.  From  this  time  onwards  his  laboratory  was  the 
fpring  from  which  issued  the  stream  of  work  which  has  helped  to 
justify  the  use  of  those  conceptions  first  foreshadowed  by  himself, 
and  afterwards  endowed  with  definite  shape  by  the  genius  of 
van't  Hoff. 

Since  the  appearance  of  the  original  papers  by  Le  Bel  and  van't  Hoff, 
no  serious  attempt  had  been  made  to  apply  the  theory  to  non-enantio- 
morphous  isomerism,  although  van't  Hoff  had  discussed  the  isomerism 
of  compounds  such  as  fumaric  and  maleic  aciti  in  considerable  detail. 
In  order  to  explain  the  intraconversion  of  these  two  compounds, 
through  the  medium  of  the  lialogen  derivatives  of  succinic  acid, 
Wislicenus  assumed  that  the  groups  on  neighbouring  carbon  atoms 
act  on  one  another  in  a  manner  determined  by  their  "chemical 
affinities,"  and  that  in  cases  where  these  adjacent  atoms  are  singly 
interbound,  and  hence  doubtless  free  to  rotate  about  the  point  of 
mutual  attachment,  such  a  rotation  will  take  place  as  to  lead  to  the 
adoption  of  the  most  favourable  ("  begUnstigte")  configuration.  An 
arrangement  so  brought  about  would,  he  considered,  be  stable  at  low 
temperatures,  but  as  the  oscillations  increased  in  violence  with  rise  of 
temperature  a  new  configuration  might  result. 

In  dealing  with  compounds  of  the  type  of  fumaric  and  maleic  acid^, 
and  represented  by  the  generalised  formulae 

a'C'b  ,  a'C'b 

1 1  and  1 1     . 

b'C-a  a'C'b ' 

"  Centrally  "  or  "Plane" 

"axially"  syrametiical.  symmetrical. 

he  pointed  out  that,  in  the  conversion  of  substances  of  the  centro- 
syihmetrical  type  into  saturated  compounds,  it  is  a  matter  of  in- 
difference to  which  of  the  doubly-bound  carbon  atoms  either  part  of 
the  additive  agent  attaches  itself,  as  the  pro<iucts  are  identictvl.  In 
the  planosymmetrical  series,  the  products  of  addition  are  enantio- 
morphous,  but  in  both  cases  there  are  equal  chances  that  either  of  the 
two  common  "  bonds  "  may  be  ruptured,  as  the  molecule  is  symmetrical 
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about  the  plane  containing  the  groups  affixed  to  the  doubly-bound  pair 
of  cai'bon  atoms.  The  last  condition  is  also  present  in  the  more 
general  case  where  any  doubly-bound  carbon  atom  is  attached  to  two 
different  groups, 

a-C-b 

except  in  the  single  instance  where  the  molecule  is  already  an 
asymmetric  one,  that  is  to  say,  where  it  already  contains  one  or 
more  asymmetric  atoms,  or  is  built  on  one  of  the  types  which 
comply  with  the  conditions  necessary  for  the  existence  of  enantio- 
morphism,  and  to  which  attention  was  drawn  by  van 't  Hoff  in  his 
original  treatise.  It  follows,  therefore,  that  whilst,  in  general,  by  the 
conversion  of  a  group 

X 

a'C'b    .    .  .       .    1  a'C'6 

1 1       into  a  saturated  one        i 

•C-  -C- 

2/ 

an  asymmetric  carbon  atom  is  produced,  the  right-  and  left-handed 
individuals  are  formed  in  approximately  equal  numbers,^  and  thus  the 

^  In  accordance  with  the  usual  convention,  the  enantiomorphous  forms  here  are 


a'C'b  b'C'a 

1  and  I 

•C'  -C* 

y  y 

Throughout  the  following  pages,  however,  only  one  of  the  two  mirror  images  is 
represented  in  any  instance,  as  the  results  hero  arrived  at  by  the  manipulation  of  the 
formula;  apply  with  equal  truth  to  both,  and  such  inactive  mixtures  will  be  indicated 
by  the  letter  (r)  affixed  to  the  one  formula  given.  It  may  bo  pointed  out  that  a 
rotation  of  cither  carbon  atom  about  the  "  bond  "joining  the  two  may  be  represented 
by  an  exchange  in  the  position  of  the  other  three  groups  attached  to  that  atom 
providing  that  their  order,  clockwiuo  or  counter-clockwise,  around  that  carbon  atom 
remains  the  same  ;  thus,  the  three  tigurcs 

a 

h't'x 
and  I 


represent  throe  phoAOH  in  the  rotation  of  the  upper  carbon  atom  about  the  vertical 
"  bund,"  a«  the  order  abx  aliout  that  atom  is  counter-clockwise  in  each  case. 

For  numerous  rcaiionB,  the  parts  of  the  agent  added  at  a  double  binding  will,  in 
III)  coMCN,  bo  roprosontod  as  boconting  attached  in  the  mode  above  indicuU'd,  namely, 
in  the  linn  of  the  original  ethylenic  linkng<%  and,  inversely,  the  withdrawal  of  two 
groupii  in  the  furniatiou  of  an  ethylenic  union  is  imagined  to  occur  only  in  tho 


K 

a't'b 

b 
x'b'a 

•A-- 

4- 
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non-production  of  optically  active  substances  from  inactive  compounds 
of  this  class  is  at  once  accounted  for. 

Malic  acid,  according  to  Wislicenus,^  is  probably  to  be  regarded  as 
constituted  with  opposed  carboxyl  groups 

9« 

COgH-^-H 
H-C-CO,H' 
H 

the  affinity  of  the  carboxyl  group  for  hydrogen  doubtless  lieing  greater 
than  that  of  carboxyl  for  another  carboxyl  group  or  for  hydroxy],  and 
the  production  of  fumaric  acid, 

COaH-C-H 
H-C-CO.,H ' 

as  the  main  product  when  the  elements  of  water  are  withdrawn  from 
malic  acid  is  precisely  in  agreement  with  this  assumption.  The  con- 
version of  ethyl  maleate  into  ethyl  fumarate  by  means  of  iodine  was 
explained  by  aid  of  the  supposition  that  di-iodosuccinic  acid  is  the 
initial  product,  and  the  mutual  repulsion  of  the  two  iodine  atoms  then 
results  in  the  rotation  of  the  two  parts  of  the  molecule,  a  more 
favoured  configuration  being  adopted  ;  from  the  molecule  in  this  new 
disposition  hydrogen  iodide  is  then  withdrawn,  a  process  leading  to 
the  production  of  iodomaleic  acid,  which  is  afterwards  converted  into 
maleic  acid  itself  by  the  reducing  action  of  the  hydrogen  iodide 
present. 

I  H 

COoH-C-H  CO..H-C-H       ,  ,  I-C-CO..H,  , 

"  — >■        '       I  (r)  — >-         '        "     (r\  — >■ 


It 


Fumavic  acid.  Externally  compensated  di-iodosuccinic  acid. 

I-C-CO.,H 

H-C-C0[>H ' 

Iodomaleic  acid. 

instance  when  they  are  represented  on  the  paper  as  in  a  straight  line  with  the 
"  double  bond  "  about  to  be  formed  : 


a-C-b  a'C-b 

I  — >  +   ar-y. 

d'C'e    i  d'Vc 


y 

Annalen,  1888,  246,  53—96. 
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The  process  by  which  hydrobromic  acid  effects  the  reverse  change  of 
maleic  into  fumaric  acid  was  shown  to  be  capable  of  explanation  on 
similar  lines. 

In  the  original  memoir  presented  to  the  Konigl.  Sachs.  Gesellschaft 
der  Wissenschaften,  attention  was  drawn  to  certain  observations  of 
Petrie  and  of  Bandrowski  which  appeared  to  be  inconsistent  with  the 
theory  of  the  relations  of  maleVc  and  fumaric  acids  therein  put  for- 
ward. Petrie  found  that  fumaric  acid  is  the  sole  product  of  the  action 
of  bromine  on  maleic  acid  in  presence  of  water  at  ordinary  tempera- 
tures, and  Bandrowski  obtained  dibromosuccinic  acid  as  the  result  of 
the  interaction  of  bromine  and  acetylenedicarboxylic  acid.  Wislicenus 
was  able  to  show  later  ^  that  these  reactions  are  in  reality  very  com- 
plicated, the  products  being  mixtures  of  a  number  of  compounds  such  as 
his  theory  was  capable  of  explaining. 

In  replying  to  certain  criticisms  of  Lessen,  Wislicenus  took  occasion 
to  remark  that  the  conception  of  atoms  as  mere  material  points  was 
antagonistic  to  his  views,  for  he  regarded  the  atoms  as  aggregations 
of  the  primitive  element  and  analogous  to  compound  radicles,  being, 
therefore,  endowed  with  a  space  configuration  of  their  own.  To  his 
mind  it  appeared  not  improbable  that  the  carbon  atom  has  a  tetra- 
hedral  shape,  and  that  the  forces  which  are  displayed  in  the  "  affinities  " 
or  "bonds"  are  concentrated  in  the  four  corners  of  this  configuration, 
perhaps  for  reasons  such  as  lead  to  the  accumulation  of  the  presumably 
analogous  electric  charge  at  the  points  and  corners  of  a  conductor ; 
if  so,  the  carriers  of  energy  must  be  the  primitive  atoms,  exactly  as 
the  chemical  energy  of  compound  radicles  is  the  resultant  of  the 
energy  of  the  elementary  atoms. 

Among  the  first  compounds  which  Wislicenus  proceeded  to  investigate, 

with  the  aid  of  his  stereochemical  ideas,  were  the  isomeric  tolane  di- 

chlorides.2    By  the  immediate  application  of  van 't  Hoff's  conception,  it 

was  concluded  that  the  product  obtained  by  the  direct  addition  of  chlorine 

C  II  'C'Cl 
to  tolane  must  be  the  planosymmetric  compound  J^^J  i}  ^,,  so  that 

the  isomeride  of  lower  melting  point  is  therefore  to  be  represented  by 

C  II  'C'Cl 
the  axially  symmetrical  formula    *    i?  U  .^  „  • 

H'C'C  n  'Oil 

Wislicenus  assigned  to  /3-oounmric  acid  the  structure       U    '^*^  ^        , 

for  the  reason  that  it  is  more  readily  converted  into  the  lactone, 
coiiinarin,  than  is  the  isomeric  acid ;  in  order  to  account  for  the 
(•onverHJon  of  tlio  latter  into  coumarin  by  liydrogon  bromide,  the 
aHKumption   was  nia<Io    that   the    elements  of    hydro^^iMi   bromide  arc 

'  AniuUrn,  1888,  246,  63—96.  '^  J  bid.,  248,  1—34. 
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added  at  the  ethylenic  linkage,  and  that  a  subsequent  internal  rotation 
of  the  molecule  takes  place  consequent  on  a  8uppose<l  inclination 
towards  the  formation  of  the  lactone. 

The  practical  investigation  of  the  isomeric  crotonic  acids  fell  to  his 
pupils  Teisler  and  Langbein.^ 

The  results  led  him  to  infer  that  solid  crotonic  acid  has  the  structure 

H-C-CH, 
H-C-CO,U' 

leaving  for  the  liquid  wocrotonic  acid  the  formula 

CHj-C-H 
H-C-CO,H" 

The  former,  with  chlorine,  yielde«l  a)9-dichlorobutyrio  acid, 

CI 

H-C-CO^H  ^  ' 

01 

CI 

CH  'C'TT 

whilst  ayS-Modichlorobutyric  acid,       ^  I  ^^  tr(0.  ^^'^"^  '^^'^  TuvxliKf  fioin 

H'C'COjH 

CI 

Mocrotonic  acid.     By  removal  of  the  elements  of  hydrogen  chloride  from 

a^-wodichlorobu lyric    acid,    the    product    a-chlorocrotonic    acid    was 

obtained, 


CI  CI 


CH3.C.H         (  .  CH3-C.H     (  .  CH.-C-H 

H-C-C0.3H  ^      CO^H-C-Cl 

CI  H 


CO.,H-C-Cl 


a/3-i«)Dichl,orobutyric  acid.  a-Chlorocrotonic  acid. 

and  the  same  substance,  when  warmed  with  an  aqueous  solution  of 
sodium  carbonate,  by  simultaneous  loss  of  carbon  dioxide  and  hydrogen 

bromide  afforded  a-tsochloropropylene,      u  l\  rM  >  *'^®  latter  was  rapidly 

CTT  'C 

attacked   by  alkalis  at  100^,  yielding  allylene,         ^  iii ,  whilst  the  iso- 

H-C 

meric   a-chloropropylene,       n?  n  ti'  P^P**'^*^   ^Y  ^   similar   series   of 

reactions,  applied  to  crotonic  acid,  reacted  with  alkalis  very  much  n  ore 

'  Annalen,  1888,  248,  281—355. 
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slowly,  a  result  which  is  in  harmony  with  the  structures  assigned  to 
the  isomeric  crotonic  acids. 

The  additional  observation  was  made  that  by  heating  a)8-dichloro- 
butyric  acid  a  partial  conversion  of  the  compound  in  aj8-isodichloro- 
butyi'ic  acid  may  be  effected. 

The  study  of  the  relations  subsisting  between  angelic  and  tiglic  acids 
gave  results  of  an  equally  interesting  character,^ 

Tiglic  acid,  represented  by  the  formula  n        ^,  gives  a  dibromide 

G  xIq  ■  O  •  U(J2-tL 

which,  when  warmed  with  sodium  carbonate  in  aqueous  solution,  is 

converted  into  crotonylene  hydrobromide, 

Br  Br 

H-C-CH,  H-C-CH,     ,  ,  H-C-CH„,  , 

CHg-C-COaH      ^  CHa-C-COgH  ^^  Br-C-CH3^  ''     ^ 
Br  CO2H 


Tiglic  acid.  Tiglic  acid  dibromide. 

H-C-CH, 

II        ^ : 
Br-C-CHg 

Crotonylene  hydrobromide. 

the  isomeric  angelic  acid  yielded  in  his  hands  as  main  product  angelic 
acid  dibromide,  a  compound  which  had  previously  been  overlooked,  and 
which  with  sodium  carbonate  was  found  to  yield  tsodibromopsewc/o- 
butylene, 

Br  Br 


CH3.C.H  ^    CH3.(^.H         (,)  CH3.C.H     (^) 


CHg-C-COaH        '     (JMg-U-ua, 


— ^ 


Br  COgH 


Angelic  acid.  Angelic  acid  dibromide. 

CH„-C-H 

3  1 1 

Br-C-CHg 

wol3romo^w««^butyleno. 


The  last-named  substance  was  also  obtained  by  removal  of  the  elements 
of  liydrogen  bromide  from  j)8etulo\mty\ene  dibromide, 

Br  Br 

CHj-C-n  CHj-C-H.  V  CIVC-H      .X  CIl3-C-]I 

CH^-C-H  CHj-C-H         "^     BrC-CHg       "^      Br-C-CH; 

Br  H 


;<^»:.'//./liiiiyl.  IK'.  pftfjfrfoButylonodlbroniido.  imilUwuvjisnido- 

liiitylciio. 

'  Annalen,    ISO-'i,    272,    1— 09;    1898,    274,    99— 119 ;    1900,    313,    207-209 
210-228 
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Crotonylene,  with  bromine,  gave  )8y-tlibromop««M</obiityIene, 

CHgC  CHg-CBr 

III     — >-  11       , 

OHj-C  CHg-C-Br 

Crotonylene.     )37-Dibromo;)«^u<iobutyIene. 

the  isomeiide  of  which,  namely,  /3y-j'»odibromop«eti<iobutylene,  was 
pref>ared  by  removing  the  elements  of  hydrogen  bromide  from  /3yy- 
tribromobutane, 

Br  Br 

CH„-C-Br  CILC-Br/  ^  CH.-C-Br 


•CH  ~^  Br-C-CH, 


4  1^-Of  .  ^"3 

Br  H 


CH^-C-Br  ^        CH3  V.  ..  ... .8 


l« 


0y-Dihvoinopseudohutylene.  3-y7-Tribrouiobutanc. 

CH,-CBr 
Br-C-CHj 

uo-fiy-DihTomopseudohutylene. 

From  both  of  these  dibromo/>«eWobutylenes,  the  same  crotonylene 
tetrabromide  was  obtained  by  addition  of  bromine. 

The  hope  expressed  by  Wislicenus  in  this  paper  that  it  might  some 
day  be  found  possible  to  prepare  the  hydrobromides  of  angelic  and 
tiglic  acids,  and  afterwards  to  convert  these  into  the  isomeric  pseudo- 
butylenes,  was,  strictly  speaking,  not  realised,  although  some  time  later 
the  same  end  was  attained  by  the  employment  of  the  hydriodides 
of  these  two  acids.^  Tiglic  acid  hydriodide,  warmeil  with  an  aqueous 
solution  of  sodium  carbonate,  lost  hydrogen  iodide  and  carbon  dioxide, 
affording  a  hydrocarbon  which,  when  passed  into  bromine,  gave  rise  to 
a  dibromide  ;  the  latter,  on  treatment  with  potassium  hydroxide,  was 

converted  into  wobromo;p»eMrfobutylene,       „'  M  nu        Angelic  acid, 

Br*C*CU-j. 

by  the  same  series  of  reactions,  was  finally  transformed  into  bromo- 

,  ,       ,  CH«*C.H  ,      . 

^euaobutylene  proper,         "^  m        .      These    results    are    exactly   in 
Cidj'C'Br 

accordance  with  the  general  conclusions  which  Wislicenus   had  pie- 

viously  drawn,  and  the  changes  may  be  followed  in  a  graphic  manner 

in  the  case  of  tiglic  acid  :— 

I  I 

CH„C-H  CH„-C-H      ,  ^  CH„-C-H  ,  ^ 

1 1  — >■  ^  T  (r)     — >  ^  T        (r)      — >- 

CO^H-C-CHa     ^      C02H-C-CH3  ^^    ^    CHj-C-H  ^  ^        ^ 

H  COoH 


Tiglic  acid.  Tiglic  acid  hydriodide. 

Wislicenus,  Talbot,  and  Henze,  Annaleny  1900,  313,  228—242. 
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Br 

CH3 

CH„-C-H 

3  1  1               ^ 

CHg-C-H        ^ 

CHg-C-H 
CHg-C-H 
Br 

H-C-Br 
^      CH3-C-H 
Br 

-^ 

CH3.C.H 
Br-C-CHa' 

pseudoBntyleue. 

pseiuloBniylene  dibroniide  (meso). 

isoBromopseudo- 
butylene. 

Fittig  and  Pagenstecher  had  actually  observed  that  angelic  acid 
when  brominated  yielded  tiglic  acid  dibromide  as  main  product ;  the 
difference  between  these  results  and  those  of  Wislicenus  and  Piickert 
proved  to  be  due  to  the  fact  that  unless  a  low  temperature  be  main- 
tained during  the  addition  of  bromine,  and  strong  light  carefully 
excluded,  isomeric  change  of  the  angelic  to  tiglic  dibromide  may  occur. 
Wislicenus  was  not  disposed  to  assume  an  undue  amount  of  credit 
for  his  discovery  of  the  true  dibromide  of  angelic  acid  which  Fittig 
and  Pagenstecher  had  overlooked,  but  drew  attention  to  the  circum- 
stance that  the  draught  cupboards  in  Fitlig's  laboratory  at  Strassburg 
were  placed  in  the  windows,  and  thus  received  a  strong  light,  whilst  in 
his  own  laboratory  at  Leipzig  they  lay  between  the  windows,  Other- 
wise, as  he  remarked,  angelic  acid  dibromide  might  have  remained 
unknown. 1 

Later,  with  Schmidt,  Wislicenus  prepared  /)set*c?obutylene  by  the 
method  employed  by  Le  Bel  and  Greene,  namely,  by  the  dehydration 
of  isohuty]  alcohol.  It  was  found  '^  that  a  mixture  of  the  contro- 
symmetrical  and  planosymmetrical  hydrocarbons  was  formed,  and  the 
mixture  of  dibromides  made  by  passing  the  mixture  of  hydrocarbons 
into  l)romine  was  separated  into  two  portions  by  fractional  dis- 
tillation. The  higher  boiling  j)ortion,  on  treatment  with  potassium 
hydroxide,   yielded    the    bromo-derivative    of    the    planosymmetrical 

f'TT  'O'TT 

paeudohutylene,     ^^  M  1,  >    ^^    larger   quantity   than   did    the    lower 
C'xlg'v'*  JJr 

boiling  fraction,  but  the  main  product  from  both  was  the  bromo-derivative 

CH  'C'lL 
of  the  centrosynimetrical  hydrocarbon,      1/  M  ^,1,  »  which  in  presence 

of  hydrogen  bromide  or  on  exposure  to  sunlight  was  found  to  undergo 

a  alow  conversion  into  its  sterooisomeride.     Of  the  two  hromopaeudo- 

CH  'C'll 
butylenes,  the  one  assigned   the  formula  pxr'U. ,.      gave  crotonyl- 

ene  the  more  readily  when  heated  with  potassium  hydroxide,  an 
ol)8ervation  quite  in  accordance  with  the  relative  position  of  the 
hydrogen  and  bromiiio  atoms  in  the  formulH)  assigiKMl. 

Jloiize  assislcil  in  adducing  new  evidence  in  NU])port  of  Wislieonus'a 

>  AnnaUn,  1803,  272,  98.  ''  Ibid.,  1900,  818,  210-228. 
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view.i     The  dibromide  of  angelic   acid,  as   was   anticipated,   yielded 

/J-bromotiglic  acid  under  the  influence  of  strong  potassium  hydroxide, 

whilst  the  dibromide  of  tiglic  acid  was  converted  into  /3-bromoangelic 

acid, 

Br  H 

CH3.C.H  CH,.6h  Br-C-CH^ 

CHg-C-CO.H        ^     CHg-C-COoH^  '      ^     CHj-C-CO.H  ^  ^ 

Br  Br 


Angelic  acid.  Angelic  acid  dibromide. 

BrCCH, 
CHg-C-CO^H 

3-Brou)otiglic  acid. 

Br  H 

H.COH«  HCCH,     ,  ,         ^      CH,-C-Br 


14  ;,^  1,    — > 


.'H.-C-CO.H  ^  ^  CH3-C-C0,H  ^  ^ 


Br  Br 


I 


Tiglic  acid.  Tiglic  acid  dibromide. 

CHo-CBr 

— ^  ^11 

CHj-CCOJl 

3- Bromoaiigelic  acid. 

of  these  ^  bromo-unsaturated  acids,  tlie  latter  was  the  more  easily 
converted  into  crotonylene  by  means  of  so<lium  carbonate  solution,  an 
observation  which  again  is  in  harmony  with  the  conclusions  previously 
formed,  as  this  isomeride  is  the  one  to  which  was  assigned  the  formula 
having  the  bromine  atom  and  the  carboxyl  group  in  the  jx)sition 
most  favourable  to  the  occurrence  of  this  change. 

Stilbene  gave  Wislicenus  antl  Seeler  two  dibromides,  the'  main 
product  being  the  o-derivative,  which  was  considered  to  be  the  normal 
product,  although,  unlike  the  great  majority  of  such  normal  addition 
products,  it  was  found  to  be  proiluced  in  larger  proportion  at  a  high 
temperature  and  in  presence  of  intense  light.-  Either  dibromide,  when 
heated,  underwent  a  partial  conversion  into  the  other;  both  yielded 
monobroraostilbenes  on  treatment  with  alkalis,  the  a-compound  afford- 
ing an  oily  bromostilbene,  the  latter  a  crystalline  one,  and  of  these  the 
crystalline  compound  was  the  more  easily  converted  into  tolane  when 
boiled  with  alcoholic  potassium  hydroxide,   showing  that  it  has  the 

structure      •    *  1 1       .     These  observations  led  to  the  following  view 
C,H,-C-Br 

of  the  changes  studied  : — 

1  AnnaUn,  1900,  313,  243—250.  -  £er.,  1895,  28,  2693-2703. 
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Stilbene. 


tsoStilbene  (?) 


-- ^ 


Br 

c,h,-6h 

Br 


-^ 


Br 
H 


— > 


Br-C-C^H^ 


^ 


a-Stilbene  dibromide 
(internally  compensated). 


Oily  dibronio- 
stilbene. 


III 


Br 

c,h,-6h 

Br 


Br 


(r) 


-■^  C,H,.6.BrW 
H 


3-Stilbene  dibromide 
(externally  compensated). 


Tolane. 

— >"    ^    "*  II 
aH.-C-Br 


Crystalline 
bromostilbene. 


Although  at  the  time  no  direct  evidence  as  to  the  existence  of  iso- 
meric stilbenes  coukl  be  adduced,  Wislicenus  with  Jahrmarkt  aftei-- 
wards  succeeded  in  obtaining  centrosymmetrical  ?sostilbene  ^  by 
reducing  the  oily  bromostilbene  from  a-stilbenedibromide. 


Br-CC.H, 

Oily  bromostilbene. 


isoStilbene. 


This  hydrocarbon,  unlike  stilbene  itself,  is  a  liquid  which  yields 
ordinary  stilbene  when  distilled  under  atmospheric  pressure,  or  \\then 
left  with  traces  of  bromine  or  iodine  ;  when  dissolved  in  carbon  disul- 
phide  and  mixed  with  bromine  in  absence  of  light  it  gives  /8-stilbene 
dibromide  to  the  extent  of  83  per  cent,  of  that  theoretically  possible. 

The  investigation  of  stereoisomerism  in  cyclic  compounds  led 
Wislicenus,  with  Peters,  Schramm  and  Mohr,  to  a  study  of  the  iso- 
meric forms  of  ^/3'-dibromohexane.2  On  heating  this  dibromo-com- 
pound  with  ethyl  di.sodioiualonate,  an  oil  having  the  composition  of 
a  diethyl  dimcthylcyc/opentanedicarboxylate  was  formed,  and  this,  on 
hydrolysis,  afforded  a  mixture  of  ester-acids,  dicarboxylic  acids,  and 
monocarboxylic  acids,  each  of  which  was  shown  to  bo  related  to  one 
or  other  of  the  two  dimothylcyc^opentanodicarboxylic  acids, 


COJl-y-CO,H 

6h, 


(m) 


and 


CH., 

H-0-Cli3 
C0.;H-C'C0,H 
CHg-C-H  " 

Ah, — 


(r). 


eu-cu. 


eis-trana. 


'  Her.  K.  SdfhH.  IHan.  Math.  Phyn.  C//.,1000,  52,  117—128. 
■■'  Ucr.,  1901,  84,  2566— 'i!5«3. 
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The  constitution  of  the  two  acids  was  ascertained  by  heating  them 
so  as  to  cause  the  loss  of  one  molecular  proportion  of  carbon  dioxide, 
and  iu  tliesc  circumstances  one  of  them  gave  rise  to  two  stereo- 
isoineric  monocarboxylic  acids,  and  the  other  to  one  monocarboxylie 
acid  only.  The  former  must  have  been  produceil  from  the  cis  cis 
derivative  and  the  latter  from  the  cia-trcmg-oue. 

Tlie  formulae  of  the  isomerides  from  the  cu-cis-dicarboxylic  acid  are 


H-C-CH. 


COgH 


H-C.CH 
CH- 


("0 


and 


CH — 
H-CCH, 


("'). 


and  represcut  internally  compel!.^.. lea  iiiii.il. t  v>,i.ii,wiii..i:,.  Those  of 
the  possible  products  arising  fi-om  the  c/«-fran6-dicarboxylic  acid,  in 
the  same  manner,  are 


CH., 

H-C-CH3 
H-CCO.H 
CH„-C-H  ' 

CH, — 


{r) 


and 


HCCHg 
?0.,H-C-H 


CO, 


CH 


cir- 


(r). 


but  tliese  are  iu    reality    identical,  and    represent    one    of    the    two 
enautiomorphous  forms  of  an  inactive  mixture. 

The  ySjS'-dibromoliexane  employed  was  separated  by  freezing  into 
two  parts,  one  solid  and  the  other  a  liquid ;  the  former  of  these, 
when  condensed  with  ethyl  disodiomalonate,  afforded  ethyl  cis  ctV 
dimethylc-^c/opentanedicarboxylate,  and  was,  therefore,  the  meso- 
compouud 

H-CBr 

HC-Br 
CH, 


the  liquid  isonieride,  on  the  other  hand,  gave  rise  to  the  cis-tram- 
dicarboxylic  derivative,  and  was,  therefore,  an  inactive  mixture  of  the 
d-  and  ^compounds. 

It  is  perhaps  hardly  necessary  to  say  that  the  foregoing  sketch 
deals  only  with  a  part  of  the  scientific  work  which  was  carried  out  by 
Wislicenus  himself  or  by  his  pupils  under  his  direction.  No 
mention  has  been  made  of  his  recent  contributions  to  the  study  of 
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the  reactions  of  dichloroether,^  his  investigations  on  tlie  interaction 
of  chloral  with  ketones,^  on  adipinketone,^  of  his  discovery  of  the 
true  vinylacetic  acid,*  or  of  his  numerous  researches  on  the  stereo- 
isomerism of  the  cyclic  pinacones  obtained  by  the  reduction  of 
diketones.^  To  each  of  these  much  interest  attaches,  but  considera- 
tions of  space  have  led  me  to  select  from  his  more  recent  work  that 
part  which  appears  to  have  the  most  importance  in  connection  with 
the  growth  of  the  science  of  stereochemistry,  with  which  his  name 
is  indissolubly  connected. 

During  the  last  few  years  of  his  life,  Wislicenus  became  more  and 
more  the  victim  of  severe  attacks  of  ill-health,  against  which  he 
fought  with  all  his  fine  energy  and  determination,  working  steadily 
almost  to  the  last.  In  the  summer  of  1902,  he  found  his  most  strenuous 
efforts  at  resistance  unavailing,  and  at  last  took  refuge  in  complete 
rest  at  health  resorts.  His  condition  in  the  autumn  gave  his  friends 
cause  for  the  gravest  anxiety,  and  early  in  the  morning  of  December 
5th,  1902,  he  passed  away. 

Two  days  later,  a  mournful  but  impressive  ceremony  was  seen  in  the 
lecture-room  attached  to  the  Leipzig  Chemical  Laboratory  ;  Beckmann, 
Ostwald,  His,  Liity,  Hantzsch,  Medicus,  and  Bucher,  colleagues  of 
Wislicenus,  representing  their  respective  departments  and  faculties, 
expressed  in  moving  terms  their  appreciation  of  the  exalted  and  many- 
sided  character  of  their  departed  friend. 

The  concluding  words  which  fell  from  Ostwald  were  these  : — "  Und 
wenn  wir  betr'achtend  vor  ihnen  stehen,  so  fiihlen  wir  es  lebondig  ; 
du  warst  nicht  nur  ein  grosser  Forscher,  du  warst  auch  ein  guter 
Monsch ! "  and  this  is  the  note  which  persistently  rings  in  the 
memory  of  all  who  have  tried  to  understand  the  man. 

There  can  be  no  doubt  that  in  Wislicenus  the  world  lost  a  man, 
not  only  of  great  and  many-sided  ability,  but  also  of  extraordinary 
directnosR  of  purpose  and  splendid  character. 

'  Annalen,  1884,  226,  2G1— 281  ;  1888,  243,  151—192. 

«  Ber.,  1893,  26,  908 --91 6. 

»  Annalen,  1893,  275,  312-382. 

*  Jkr.,  1899,  32,  2047—2018. 

»  Annal,n,  1898,  302,  191     244. 
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ANNUAL  GENERAL  MEETING, 

Mabcu  29th,  1905. 

Professor  SV.  A.  Tiluen,  D.Sc.,  F.R.S.,  in  the  Chair. 

TiiK  President  declatOil  the  ballot  open  for  the  election  of  Offioers 
and  Council  for  tlie  ensuinj,'  year,  Dr.  A.  E.  H.  Tutton  and  Mr.  A.  G. 
Bloxam  being  appointed  Scrutators.  He  then  presented  the  following 
Keport  on  the  state  of  the  Society  during  the  past  twelve  months  : 


Report  of  the  Council. 

The  Council  are  glad  to  be  in  the  position  to  report  that  the  Society 
continues  to  flourish,  and  that,  as  measured  by  the  number  of  papers 
read,  its  activity  has  exceeded  that  of  any  previous  year. 

On  December  31st,  1903,  the  number  of  Fellows  was  2,700. 
During  1904,  128  Fellows  were  elected,  and  5  mnstated,  making  a 
gross  total  of  2,833.  The  Society  has  lost  28  Fellows  by  death  ;  37 
have  resigned  ;  the  elections  of  4  have  become  void ;  52  liave  been 
removed  for  non-payment  of  subscriptions,  and  1  Fellow  has  with- 
drawn. The  total  number  of  Fellows,  therefore,  on  December  31st, 
1904,  was  2,711. 


II 


The  names  of  the  Fellows  who  have  died  are 


A.  H.  Allen. 
F.  E.  Allhusen. 
J.  Barclay. 
Sir  I.  L.  Bell. 
F.  B.  Benger. 
C.  Beringer. 
H.  N.  Bilimoria. 
W.  Chattaway. 
P.  L.  Dey. 
T.  H.  Dodd. 


W.  H.  Dodd. 
R.  E.  Doran. 
W.  Francis. 
A.  Gibson. 
C.  G.  Grenfell. 
H.  Grimshaw. 
G.  Howsani. 
T.  Isherwood. 
J.  Jackson. 
A.  Kitchin. 


J.  Mason. 
D.  Munro. 
T.  A.  Pooley. 
H.  St.  John. 
C.  J.  Sawer. 
W.  H.  Stanger. 
R.  M.  W.  Swan. 
A.  W .  \V  illiamson. 
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The  following  Fellows  have  resigned  : 


G.  Ansdell. 
J.  F.  Ballard. 
J.  Bardsley. 
H.  H.  Barker. 
G.  E.  Battle. 
J.  Baynes. 
J.  Bottomley. 
G.  W.  Burman. 
\y.  F.  Butcher. 
J.  Caley. 
H.  M.  Chapman. 
T.  A.  Dickson. 
E.  Dowzard. 


J.  Edmunds. 
T.  A.  EUwood. 

F.  A.  Gatty. 
H.  Gordon. 

G.  M.  Gregory. 
H.  E.  Haddon. 
W.  Hampton. 
E.  C.  Ibbotson. 
A.  W.  D.  Leahy. 
A.  E.  McKenzie. 
T.  R.  Marshall. 
W.  Marshall. 

C.  A.  Mitchell. 


C.  S.  Purcell. 
A.  Sandford. 
W.  Sessions. 
M.  J.  Sheridan. 
W.  Taverner. 
G.  Trench. 
II.  F.  Waller. 
A.W.  Warrington. 

A.  L.  White. 

II.  F.  A.  Wigley. 

B.  Winstone. 


Among  the  Fellows  removed  by  death,  the  Society  mourns  the  loss 
of  Prof.  Alexander  W.  Williamson,  who  twice  filled  the  office  of 
President,  and  to  whose  initiative  the  publication  of  the  Abstracts  was 
largely  due. 

The  number  of  Honorary  and  Foreign  Members  at  the  date  of  the 
last  AnnuaV  General  Meeting  was  30.  Six  names  were  added  to  the 
list  by  the  election  on  May  18th,  1904,  of  Prof.  A.  H.  Becquerel, 
Prof.  C.  A.  Lobry  de  Bruyn,  Prof.  F.  W.  Clarke,  Madame  M.  Curie, 
Prof.  C.  Liebermann,  and  Prof.  E.  W.  Morley.  The  Society  has  to 
lament  the  death  of  one  of  the  newly  elected  Members,  Prof.  C.  A. 
Lobry  de  Bruyn,  on  July  23rd,  1904.  The  number  of  Honorary  and 
Foreign  Members,  therefore,  is  35. 

During  theyeivr  1904,  215  scientific  communications  have  been  made 
to  the  Society,  188  of  which  have  already  been  published  in  the  I'rane- 
aciions,  and  abstracts  of  all  have  appeared  in  the  Proceedings. 

The  volume  of  IVanaactions  for  1904  contains  175  memoirs,  occupy- 
ing 1,761  pages,  whilst  that  for  the  preceding  year  contains  142 
memoirs,  which  occupy  1,490  pages. 

The  Journal  for  1904  contains  also  4,617  abstracts  of  papers  pub- 
liHhod  mainly  in  foreign  journals,  which  extend  to  1,920  pages,  whi'st 
the  abstracts  for  1903  nunibcrod  3,882  and  occupied  1,040  pagos. 

The  abstracts  for  1904  may  be  classified  as  follows  : 
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Part   r. 

No.  of 
Pao«s.      Ab6tnu:t«. 
Organic  Chemistry     .      1,072        1,968 

Part  II. 

General  and  Physical  Chemistr}' 606 

Inorganic  Chemistry 541 

Mineralogical  Chemistry  132 

Physiological  Chemistry   501 

Chemistry  of   Vegetable  Physiology  and 

Agriculture 311 

Analytical  Chemistry    558 

848        2,649 

Total  in  Parts  I.  and  II 1,920       4,617 

Owing  to  the  great  increase  in  the  number  of  papers  abstracted,  it 
has  become  necessary  to  add  to  the  editorial  staff.  Dr.  C.  H.  Degch 
has  been  appointed  Assistant  Sub-editor,  with  the  object  of  taking 
part  in  the  preparation  of  abstracts  for  the  press,  and  of  relieving 
Mr.  Greenaway  of  a  portion  of  the  clerical  work. 

Although  an  award  of  the  Faraday  Medal  was  made  in  1895,  fifteen 
years  have  elapsed  since  the  delivery  of  the  last  Faraday  Lecture. 
On  April  19th,  1904,  the  Lecture  was  delivered  by  Professor  Ostwald, 
in  the  lecture  theatre  of  the  Royal  Institution,  the  use  of  which  had 

tbeen  kindly  granted  by  the  Managers  for  the  occasion.     The  subject 
of  the  Lecture  was  "  Elements  and  Compounds." 
The  Wislicenus  Memorial   Lecture  was  delivered   by  Prof.  W.  H. 
Perkin  on  January  25th  of  the  present  year. 

On  the  occasion  of  the  celebration  of  the  Jubilee  of  the  Doctorate  of 
Sir  Henry  E.  Roscoe,  a  Past  President  of  the  Society,  on  April  22nd, 
1904,  the  Council  welcomed  the  opportunity  of  sending  an  address  of 
congratulation  to  him. 
m,M  Proposals  have  been  received  from  the  Chemical,  Metallurgical,  and 
Mining  Society  of  South  Africa,  and  from  the  American  Chemical 
Society,  for  a  reciprocal  exchange  of  Journals  for  members  of  each  of 
these  Societies  and  of  the  Chemical  Society  at  a  rate  just  sufficient  to 
cover  the  cost  of  printing,  addressing,  and  postage.  After  careful 
consideration,  the  Council  were  unable  to  accede  to  the  proposals,  as 
the  effect  on  the  finances  of  the  Society  could  not  be  estimated,  and  a 
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limit  could  not  be  set  to  the  number  of  Societies  which  might  seek  the 
benefit  of  a  similar  exchange  of  Journals. 

The  question  of  co-operation  in  the  preparation  of  Abstracts  in 
English  has  been  raised  afresh  by  the  American  Chemical  Society  by 
the  appointment  of  a  committee  to  confer  with  the  Chemical  Society 
on  this  important  subject.  The  Council  have  reappointed  the  Com- 
mittee which  discussed  the  possibility  of  co-operation  in  1899,  and 
await  the  proposals  of  the  American  Committee  with  every  desire  to 
consider  their  practicability. 

Acting  on  the  suggestion  made  in  the  Presidential  address  at  the 
last  Annual  General  Meeting,  the  Council  have  arranged  for  the 
preparation  and  publication  of  a  series  of  Reports  on  the  advance 
made  each  year  in  chemistry.  These  reports  will  be  issued  early 
in  each  year,  and  it  i.s  hoped  that  they  will  prove  to  be  of  value 
not  only  to  the  Fellows,  but  to  students  of  chemistry  generally. 

Obituary  notices  of  several  deceased  Past  Presidents  have  not  as 
yet  been  published.  These  notices  have  now  been  received  and 
are  in  type.  Among  them  is  included  an  obituary  notice  of  Sir 
Edward  Frankland,  as  the  Council  have  been  unable  to  obtain  the 
manuscript  of  the  Memorial  Lecture,  delivered  on  October  31st,  1901. 

A  further  increase  in  the  use  of  the  Library  has  to  be  re- 
corded, 1,057  books  being  borrowed  during  1904,  as  against  991 
during  the  previous  year.  The  additions  to  the  Library  comprise 
119  books,  of  which  67  were  presented,  296  volumes  of  periodicals, 
and  52  pamphlets,  as  against  126  books,  271  volumes  of  periodicals, 
and  43  pamphlets  last  year.  An  alteration  in  the  wording  of  Library 
Rule  IV.  has  been  made  to  enable  new  books  to  be  borrowed  at  an 
earlier  date  than  formerly. 

The  Society  has  been  the  fortunate  recipient  of  the  eudiometer 
used  by  tho  late  Sir  Edward  Frankland  in  the  analysis  of  ethyl  in 
1849,  presented  by  Professor  Frankland ;  of  a  bronze  medal  of  Roger 
BacoD,  presented  by  Mr.  Oscar  Guttmann;  and  of  an  engraving  of 
Berzelius,  presented  by  Professor  Retzius,  of  Stockholm. 

A  special  Committee  was  appointed  last  June  to  revise  the  Bye- 
laws,  and  reported  in  due  course  to  tho  Council.  The  revised  Bye- 
laws  were  submitted  by  tho  Council  to  tho  Society  for  consideration  at 
an  Extraordinary  General  Meeting  on  February  8th,  but  failed  to 
secure  accoptanco,  being  ruforred  back  for  further  consideration. 

A  memorial,  bearing  tho  signatures  of  nineteen  women  engaged 
in  chemical  work,  praying  for  the  admission  of  women  to  the 
FoliowBliip  of  tho  Society,  has  been  under  consideration.  Tho 
Council  were  advised  that  "  married  women  are  not  eligible  for 
election  an   Follows  of  the   Society ;    that    it   is  extremely  doubtful 


ANNUAL  GENERAL   MEETING.  539 

whether  the  Charter  admits  of  the  election  of  unmarried  women  as 
Fellows  ;  that  it  would  not  be  wise  to  elect  even  unmarried  women 
without  first  applying  for  a  supplemental  Charter ;  and  that  the 
election  of  women  as  Associates  would  be  legal  after  a  modification  of 
the  Bye-laws  expressly  authorising  their  election."  An  alteration  in 
Bye-law  III.  extending  the  privileges  of  the  ^Vssociate.ship  to  women 
accordingly  formed  one  of  the  change-s  in  the  Bye- laws  recently 
proposed  by  the  Council, 

Tlie  third  lieport  of  the  Joint  International  Committee  on  Atomio 
Weights,  with  its  revised  taV)le  of  atomio  weights,  has  been  issued  to 
the  Fellows  in  the  Proceedings. 

Grants  amounting  in  all  to  £215  have  been  made  during  the  year 
from  the  Research  Fund,  and  £26  16s.  6(Z.  has  been  returned.  Of  the 
[)apers  published  in  the  I'ransuctioTis  during  1904,  thirty-two  were  con- 
tributed by  authors  to  whom  grants  had  been  made  from  the  Research 
Fund. 

The  total  income  of  the  Society  for  the  year  1904  was  £6,700  5#.  8d. 
and  the  expenditure  £5,982  14*.  6d. ;  in  1903,  these  were  £6,817  19*.  Id. 
and  £5,926  18s.  3d.  respectively,  so  that  whilst  the  income  has  fallen 
by  £117  13s.  \\d.,  the  expenditure  has  risen  by  £55  16s.  'id.  A 
glance  at  the  balance  sheet  for  1903,  however,  shows  receipts 
amounting  to  £257  which  cannot  be  regarded  truly  as  income  from 
normal  sources;  in  1904  only  £5  was  so  received.  Allowing  for  these 
items,  the  income  for  1904  shows  an  increase  over  that  of  1903  of 
£134  6s.  Id. 

The  Treasurer's  chief  anxiety  is  due  to  the  ever-increasing  size  of  the 
Journal  and  the  corresponding  increase  in  cost.  Both  exceed  those  of 
1903,  the  size  by  about  17  per  cent,  and  the  cost  by  about  10  per  cent., 
the  excess  due  to  printing  alone  in  1904  amounting  to  £280  12s.  Id., 
whilst  the  total  increase  in  cost  reaches  the  large  sum  of  £365  68.  1  Id. 
Part  of  this  is  due  to  the  fact  that  the  January  number  for  1904  con- 
tained a  double  set  of  Abstracts,  thus  leading  to  an  increase  both  in 
Abstractors'  fees  and  in  printing,  these  two  items  really  representing 
thirteen  months  instead  of  twelve.  As  pointed  out  by  the  President  on 
resigning  the  Treasurership  two  years  ago,  the  steady  increase  in  the 
size  and  cost  of  the  Jouriud  seems  to  render  it  inevitable  "  that,  in  the 
"  near  future,  some  more  stringent  regulations  both  as  to  the  state  of 
"the  manuscript  and  the  dimensions  of  the  papers  will  have  to  be 
"imposed"  if  the  Society  is  to  carry  on  its  work  of  publication  efficiently. 
In  addition  to  the  cost  of  the  Journal,  there  is  in  the  present  accounts  a 
sum  of  £237  6s.  Od.  for  the  printing  of  Vol.  IV,  Part  1  (Authors)  of  the 
Collective  Index  (1893 — 1902).  On  the  other  hand,  there  has  been  a 
saving  of  £42  14s.  bd.  in  the  cost  of  the  Proceedings.     The  Library 
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has  cost  less  by  the  sum  of  £150  13s.  3d.,  and  tlie  general  admini- 
strative expenses,  which  in  1903  were  abnormally  high,  owing  to 
special  circumstances,  have  fallen  from  £1,138  5s.  5d.  to  £893  Is.  Od., 
a  saving  of  £245  4s.  5d.,  notwithstanding  the  cost  of  introducing 
house  telephones  and  also  connecting  the  Society  with  the  Post  Office 
system. 

The  Treasurer  reports  that  the  new  system  of  keeping  the  Society's 
accounts  has  been  in  full  working  order  for  two  years  and  has  been 
found  most  satisfactory  in  every  way. 

The  Council  desire  to  place  on  record  their  appreciation  of  the 
valuable  services  rendered  to  the  Society  by  Professor  Wynne,  and 
an  expression  of  their  regret  that  his  removal  from  London  obliges 
him  to  relinquish  the  office  of  Senior  Secretary.  By  placing  him 
among  the  Vice-Presidents,  it  is  hoped  that  the  Society  may  continue 
to  receive  the  advantage  of  his  experienced  co-operation  in  the  work 
of  the  Council. 

The  Treasurer  made  a  statement  as  to  the  Society's  income  and 
expenditure  during  the  past  Session,  and  proposed  a  vote  of  thanks  to 
the  Auditors,  which  was  seconded  by  Dr.  L.  T.  Thorne,  carried 
unanimously,  and  acknowledged  by  Mr.  E.  Grant  Hooper. 
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Mr.  W.  J.  Sell  moved  the  adoption  of  the  Report ;  this  wa3 
Fcconded,  and  carried  unanimously. 

The  PuEsiDENT  tlien  delivered  his  address,  which  will  be  found  on 
page  546. 

Professor  Raphael  Meldola  proposed  a  vote  of  thanks  to  the 
President,  coupled  with  the  retpiest  that  he  would  allow  the  Address 
to  be  printed  in  tlie  Transactions.  Professor  G.  Cahev  Fosteb 
seconded  the  motion,  which  was  curi  i(  d  by  uc  .Liniatiou,  and  acknow- 
ledged by  the  President. 

Professor  H.  McLeod  proposed  a  vote  of  thuuks  to  tlie  Treasurer, 
Secretaries,  Foreign  Secretary,  and  Council  for  their  services  during 
the  past  year.  This  was  seconded  by  Dr.  J.  A.  Voelckeb,  and 
unanimously  adopted.     Professor  W.  P.  Wv.vne  respondeil. 

The  Scrutators  then  presented  their  Report  to  the  President,  who 
declared  the  following  to  have  been  duly  elected  as  Officers  and  Council 
for  the  ensuing  yeai-. 

President :  Raphael  Meldola,  F.R.S. 

Vice-Presidents  who  fiave  filled  the  office  of  Prendent :  H.  E.  Arm- 
strong, Ph.D.,  LL.D  ,  F.R.S.  ;  A.  Crura  Brown,  D.Sc.,  LL.D.,  F.R-S. ; 
Sir  William  Crookes,  D.Sc.,  F.R.S.  ;  Sir  James  Dewar,  M.A.,  LL.D., 
F.R.S.  ;  A.  Vernon  Hiroourt,  M.A  ,  D.C.L.,  F.R.S. ;  H.  Miiller,  Ph.D., 
LL.D.,  F.R.S. ;  \V.  Odling,  M.A.,  M.B.,  F.R.S.  ;  W.  H.  Perkin.  Ph.D., 
LL.D.,  F.R.S.;  J.  Emerson  Reynold.-,  Sc.D.,  M.D.,  F.R.S.;  Sir 
Henry  E.  Roscoe,  LL.D.,  F.K.S.;  W.  J.  Russell,  Ph.D.,  F.R  S. ; 
T.  E.  Thorpe,  C.B.,  LL.D.,  F.R.S. ;  W.  A.  Tilden,  D.Sc.,  F.R.S. 

Vice-Presidtnts :  Horace  T.  Brown,  LL.D.,  F.R.S. ;  Haiold  B.Dixon, 
M.A.,  F.R.S. ;  Wyndham  R.  Duustan,  M.A.,  LL.D.,  F.RS.  ;  David 
Howard;  A.  Smithells,  B.Sc.,  F.R.S. ;  W.  P.  Wynne,  D.Sc.,  F.R.S. 

Secretaries:  M.  O.  Forster,  D.Sc.,  Ph.D.;  A.  W.  Crossley,  D.Sc., 
Ph.D. 

Foreign  Secretary  :  Sir  W.  Ramsay,  K.C.B.,  LL.D.,  F.R.S. 

Treasurer:  Alexinder  Scott,  M.A.,  D.Sc,  F.R.S. 

Ordinary  Members  of  Council :  Edward  C.  C.  Baly ;  Augustus  E. 
Dixon,  M.D.  ;  J.  J .  Dobbie,  M.A.,  D.Sc.,  F.R.S. ;  Bernard  Dyer,  D.Sc.  ; 
Alfred  D.  Hall,  M.A.  ;  A.  Lapworth,  D.Sc. ;  J.  l).  Marsh,  M.A. ; 
E.  J.  Mills,  D.Sc,  F.R.S. ;  G.  T.  Moody,  D.Sc. ;  W.  J.  Sell,  M.A., 
F.R.S.  ;  J.  M.  Thomson,  LL.D.,  F.R.S. ;  J.  W^ade,  D.Sc 

The  procee  lings  then  teiminaled. 


546  ^RESIDENTIAL   ADDRESS. 


PRESIDENTIAL  ADDRESS. 
Delivered  at  the  Annual  General  Meeting,  March  29th,  1905. 

By  William  Augustus  Tilden,  D.Sc,  F.R.S. 

My  first  and  most  agreeable  duty  is  to  congratulate  the  Society  on  its 
continued  growth  and  activity. 

In  offering  my  sincere  thanks  to  my  colleagues  on  the  Council  for 
their  friendly  co-operation  in  the  administration  of  the  affairs  of  the 
Society,  I  cannot  refrain  from  expressing  my  regret  that  Professor 
Wynne  is  no  longer  able  to  retain  the  ofiice  of  Senior  Secretary,  That 
regret  will,  I  believe,  be  shared  by  every  Fellow,  but  more  especially 
by  those  who  have  taken  part  in  the  work  of  the  Council  and  the 
various  Committees.  Dr.  Wynne's  devotion  to  the  service  of  the 
Society,  his  care  of  detail  and  judicious  handling  of  many  difficult 
I)roblems  have  been  conspicuous  throughout  his  tenure  of  office  and 
deserve  the  warmest  I'ccognition.  As  a  Vice-President,  he  will  still 
be  in  a  position  to  render  much  assistance,  and  we  may  hope  that  his 
distant  residence  will  not  prevent  his  frequent  presence  at  meetings  of 
the  Council. 

The  chief  events  of  the  past  year  have  been  briefly  referred  to  in 
the  Report  of  the  Council.  One  event  not  referred  to,  because  not 
falling  within  the  range  of  the  operations  of  the  Society,  must  afford 
gratification  to  all  who  are  interested  in  the  position  and  progress  of 
science  in  England.  I  refer  to  the  award  of  the  Nobel  Prize  in 
chemistry  to  our  distinguished  Foreign  Secretary,  Sir  William  Ramsay. 
1  believe  the  Society  will  i)ermit  mo  to  offer,  on  its  behalf,  an  ex- 
pression of  hearty  congratulations  on  this  occasion,  and  of  good 
wishes  for  the  progress  of  the  remarkable  investigations  in  connection 
with  radioactive  substances  which  have  recently  been  associated  with 
his  name. 

Another  event,  to  which  I  refer  with  some  personal  satisfaction,  is 
the  issue  of  the  first  volume  of  Annual  Reports  on  the  Progress  of 
(Jhemistry,  The  thanks  of  the  Society  are  duo  to  the  several  writors 
who  have  undertaken  the  heavy  task  of  Kolection  and  compilation,  and 
wiio  Imve  diHplayed  great  skill  and  judgment  in  the  work  entrusted  to 
them.  I  beliovo  these  reports  will  bo  found  interesting,  instructive, 
and  of  great  practical  value  to  chemists  of  all  classes. 
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The  delivery  of  a  Faraday  Lecture  by  Professor  Ostwald  was  an 
occasion  of  much  interest,  but  the  circumstances  connected  with  it 
will  provide  a  subject  for  serious  consideration  by  future  Councils. 
That  so  long  a  period  has  elapsed  since  the  last  lecture  is  due,  not  to 
inactivity  on  the  part  of  the  Council,  but  to  the  difficulty  of  finding 
foreign  chemists,  of  the  emineat  scientific  rank  to  which  we  have  been 
accustomed  in  our  Faraday  Le<;turers,  who  are  willing  or  able  to 
undertake  the  office.  There  ai-e  two  directions  in  which  some  relief 
might  be  found  from  this  difficulty.  On  the  one  hand,  the  invitation 
to  lecture  might  be  extended,  as  indeed  it  has  been  on  one  occa.sion,  to 
eminent  foreign  physicists,  and,  on  the  other  hand,  a  British  chemist 
might  from  time  to  time  be  asked  to  assist.  So  long  an  interval  as 
fifteen  years  ought  not  again  to  be  allowed  to  elapse,  and  although  it 
may  not  be  possible  to  sustain  the  recurrence  of  the  lecture  at  so 
short  a  period  as  three  years,  the  lecture  ought  to  be  given  tnvd  voce 
often  enough  to  be  of  some  practical  use  for  the  purpose  of  nmrking 
the  progress  of  science  as  well  as  keeping  green  the  memory  of 
Fai'aday. 

Other  events  of  the  year  are  connected  with  questions  concerning 
which  there  is  room  for  wide  diffei'euces  of  opinion.  Taking  advantage 
of  the  privilege  usually  accorded  to  the  President,  I  will  venture  to 
make  on  these  topics  a  few  remarks  which,  of  course,  represent  only 
my  personal  view  of  these  matters. 

The  Council  has  received  two  memorials,  of  which  one  relates  to  the 
admission  of  women  to  the  Fellowship.  Whatever  views  each  of  us 
may  hold  as  to  its  desirability,  we  have  the  opinion  of  Counsel  learned 
in  the  law  that  the  terms  of  the  Charter  preclude  such  admission. 
Participation  in  the  government  of  the  Society,  or,  to  put  it  technically, 
to  become  corporators,  appears  to  be  the  only  privilege  enjoyed 
by  Fellows  which  cannot  legally  be  extended  to  women.  They 
might  be  allowed  to  attend  the  scientific  meetings,  to  use 
the  Library,  to  receive  the  publications  of  the  Society,  and  to  in- 
troduce friends  to  the  scientific  meetings,  but  they  could  not  vote  at  a 
general  meeting  nor  become  members  of  the  Council.  It  has  been 
suggested  that  the  best  thing  to  do  would  be  to  test  the  validity  of 
this  legal  opinion  by  putting  up  the  name  of  a  lady  for  election,  and,  if 
possible,  getting  her  elected  and  admitted  as  a  Fellow,  letting  those 
who  object  take  any  action  they  think  proper.  I  think,  however,  it 
would  be  difficult  to  find  a  lady  willing  to  be  the  corpus  vile  of  such  an 
experiment,  which,  whether  successful  or  not,  would  hardly  conduce  to 
harmony  in  the  Society.  The  number  of  women  desiring  admission  is 
but  small,  and  I  fail  to  see  any  cogent  reason,  beside  the  legal  one,  for 
excluding  them.     Some  of  them  are  doing  admirable  scientific  work,  and 
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.ill  the  memorialists  are  highly  qualified.  To  deprive  them  of  such  ad- 
vantages as  attach  to  the  Fellowship  simply  on  the  ground  that  they 
are  not  men  seems  to  be  an  unreasoning  form  of  conservatism 
inconsistent  with  the  principles  of  a  Society  which  exists  for  the 
promotion  of  science.  If,  after  further  consideration,  the  moderate 
proposal  of  the  Council  to  admit  womei>  as  Associates  does  not  prove 
acceptable  to  the  Society,  the  best  course  will  be  to  take  steps  for 
obtaining  a  Supplemental  Charter.  In  any  case,  I  think  such  a  move 
must  be  made  before  long  in  order  to  get  rid  of  some  other  anomalies 
to  which  I  need  not  specifically  refer. 

Another  memorial  presented  to  the  Council  set  forth  the  desire  of 
the  memorialists  to  return  to  the  use  of  the  word  "  radical "  in  the 
publications  of  the  Society  in  place  of  the  word  "radicle,"  which  has 
for  many  years  been  established  in  our  pages.  The  contention  that 
"radical"  was  the  original  spelling  must  be  admitted,  and  the  change 
to  "  radicle,"  which  appears  to  have  been  made  under  the  editorial 
influence  of  Mr.  Henry  Watts,  had  little  to  recommend  it  forty  years 
ago,-  except  grammatical  form.  But  since  that  time,  changes  of  theory 
in  respect  to  chemical  constitution  and  the  formulation  of  chemical 
compounds  have  imposed  a  change  on  the  connotation  of  this  word,  and 
that  which  is  now  understood,  even  by  those  who  continue  to  use  the 
*'  radical"  form,  is  certainly  not  that  which  was  implied  in  the  system 
of  Lavoisier  and  De  Morveau  when  they  distinguished  between  the 
"radical"  and  the  " principe  acidijiant"  of  acids.  Nor,  save  in  rare 
cases,  is  the  meaning  that  which  was  \inderstood  by  Liebig  and  Wohler. 
C^HgO  or  C.2H3O2  may  be  the  "  radical,"  that  is,  the  fundamental  part 
of  acetic  acid,  but  when  the  formula  for  this  compound  is  dissected  in 
modern  fashion,  and  it  becomes  CHg'CO'OH,  the  "radical"  is  divided 
into  several  "  radicles,"  no  one  of  which  has  the  I'ight  to  bo  considei'ed 
characteristic  and  fundamental.  This  becomes  still  more  obvious  if  we 
take  the  constitutional  formula  of  a  more  complex  compound  such  as 
glucose  or  uric  acid.  Happily  the  question  requii'es  very  little  debate  as 
the  word  has  for  some  time  been  growing  loss  and  less  familiar,  until  it 
has  now  practically  disappeared.  In  its  place  we  meet  with  nucleus  or 
group  or  ion,  according  to  circumstances.  Ilonco,  I  think  the  Council 
was  right  in  deciiling  to  make  no  change,  but  to  instruct  tho  Editor  to 
avoid  tho  use  of  the  word. 

With  regard  to  tlie  occasion  on  which  the  Bye-Laws  wore  submitted 
by  the  Council  to  an  Extraordinary  (Jeneral  Meeting,  I  desire  to  make 
only  one  remark.  It  hcoujh  to  me  unfortunate  that  when  a  subject  so 
ini{)ortant  i8  brought  up  for  tho  judgment  of  a  body  numbering  upwards 
of  2,700  members,  the  appointed  meeting  should  be  attended  by  not 
more  than  ioviy-five.     ThoconMequonceiHthat  on  the  occasion  referred 
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to  twenty-three  Fellows  were  sufficient  to  form  the  majority  which 
determined  the  fate  of  a  matter  which  had  been  prepared  with  delibera- 
tion by  the  larger  number  of  other  Fellows  who  form  the  Council. 

During  the  last  year,  the  question  of  the  selection  of  the  standard 
for  atomic  weights  has  become  more  urgent.     The  Atomic  Weight 
Committee    of    the    German    Chemical    Society    (Landolt,    Ostwald, 
Wallach)  has  issued  a  circular  addressed  to  the  members  of  the  Great 
International  Committee  on  Atomic  Weights  in  which  they  urge  very 
forcibly  their  view  that  only  one  table  of  atomic  weights  should  be 
issued,  namely,  the  table  in  which  all  are  referred  to  O  =»  1 6  as  the 
basis.     The  International  Committee  (Clarke,  Moissan,  Seubert,  Thorpe) 
has,  however,  issued  two  lists  of  atomic  weights,  the  one  referred  to 
0=16,  the  other  to  H=l,  and  an  explanation  of  their  position  is 
given  _^fully  in  their  annual    report,  which  has   been  printed  in  our 
Journal  {Proc,  1905,  21,  2).     The  argument  against  a  double  table  is 
based   chiefly  on  the  undesirability  of   a  double   standard   and   the 
confusion  which  is  apprehended  in  molecular  weights,  in  the  strength 
of    standard    solutions,    and    in    the   values    of    physical   constants 
in   which    atomic   weights    are   involved.     This    argument  would   be 
more  weighty  if  it  were  certain  'that  the  issue  of  a  single  table  by 
the  International  Committee  would  be  followed  by  uniformity  in  the 
atomic  weights  generally  used.     The  values  which  receive  the  oflicial 
sanction  represent  the  nearest  approach  to  accuracy  which,  in  the 
present  state  of  knowledge,  is  possible,  but  even  under  0=16  as  the 
standard  the  great  majority  of  the  atomic  weights  contain  fractions. 
For  all  ordinary  purposes,  the  chemist  will  continue  to  use  whole 
numbers,   and  thus   a    double   system  will  be    perpetuated,  the  one 
employed  for  purely  scientitic  purposes,  the  other  for  everyday  work, 
and  there  can  never  be  assurance  that  the  values  given  in  the  table 
are  permanent.     Moreover,  although  the  values  in  the  oxygen  scale 
approach  in  many  cases  to  whole  numbers,  they  are  not  equally  near 
to  whole  numbers.     Thus,  there  can  be  little  doubt  that  everyone  will 
adopt  80  in  lieu  of  7996  for  bromine,  but  in  the  case  of  aluminium 
IrSome  chemists  will  use  27  and  some   27"1.     Other  similar  questions 
arise.     Is  barium  to  be  137  or  1375?     Is  chlorine  to  be  355?     Is 
calcium  to  be  40  and  magnesium  24? 

The  establishment  of  a  general  agi-eement  as  to  the  round  numbers 
to  be  chosen  for  common  use  and  the  publication  of  such  a  con- 
ventional list  of  atomic  weights  would  do  more,  I  believe,  toward 
securing  uniformity  in  all  really  practical  data  than  the  suppression  of 
the  table  of  atomic  weights  calculated  on  the  hydrogen  scale. 

For  my  part,  I  hope  the  International  Committee  will  not  deprive  us 
of  the  hydrogen  standard  ;  without  it  or  some  other  unit,  atomic  weight 
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cannot  be  defined,  and  for   some   theoretical    purposes    it  is   almost 
indispensable. 

Turning  now  to  a  different  subject,  I  venture  once  again  to  make  an 
appeal  to  authors  of  papers  in  regard  to  the  preparation  of  their 
manuscript  and  the  condensation  of  the  matter  they  wish  to  com- 
municate. In  addition  to  the  significant  facts  mentioned  by  the 
Treasurer,  I  may  point  out  that  the  Transactions  for  the  past  year 
contain  1,761  pages,  not  including  the  index,  and  I  am  informed  that 
the  cost  of  this  part  of  our  work  has  been  £951,  in  addition  to  salaries 
and  office  expenses.  This  corresponds  to  approximately  eleven 
shillings  a  page.  But  even  assuming  that  the  Society  had  unlimited 
funds  available  for  the  expenses  of  publication,  it  would  still  be 
undesirable  to  give  unlimited  license  to  writers  of  papers.  The  bulk  of 
scientific  literature  is  already  enormous,  and  long  papers  are,  as  a  rule, 
less  likely  to  be  read  than  those  of  moderate  length.  If,  in  compiling 
papers,  authors  would  bear  this  in  mind,  they  would  be  less  frequently 
content  to  send  in  undigested  extracts  from  note-books,  inordinately 
detailed  descriptions  of  familiar  or  insignificant  opei'ations,  repetitions  of 
the  same  statement  in  the  modern,  but  not  always  clearly  defined, 
division  into  theoretical  and  experimental,  beside  other  forms  of 
prolixity.  I  am  unable  to  suggest  any  general  rule  which  could  be 
usefully  applied  in  such  cases,  and  although  the  action  of  the  Publication 
Committee  is  frequently  misunderstood,  we  must  trust  to  time  and 
common  sense  to  surmount  these  difficulties. 

The  Reports  just  issued  by  the  Society  show  how  vast  is  the  field  of 
inquiry  occupied  by  chemists,  and  how  impossible  it  will  be  in  the 
future  for  any  President  to  review,  in  the  fashion  of  former  days,  the 
progress  of  the  year.  In  place  of  any  such  attempt,  I  venture  to  offer 
a  summary  of  the  present  state  of  knowledge  of  a  subject  to  which  I 
have  devoted  attention  for  some  years. 
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Tlie   Relation   of  Specific   Heat   to  Atomic    Weight   in 
Elements   and    Compounds. 

"  The:  atoms  of  all  the  elements  have  exactly  the  same  capacity  for 
heat."  *  In  these  terms  the  important  generalisation  known  to 
every  student  of  chemistry  as  the  "  Law  of  Dulong  and  Petit "  was 
enunciated  in  1819.  An  examination  of  thirteen  of  the  solid  elements 
by  the  method  of  cooling  gave  results  which  are  embodied  in  the 
following  table  : 


Specific  beats. 

Atomic  weights 
(0  =  1). 

Atomic  weight  x 
•peeifie  heat. 

Bismuth 

Lead 

Gold 

0-0288 
0-0293 
0  0298 
00314 
0-0514 
0  0557 
0  0927 
0-0912 
0-0949 
0-1035 
0-1100 
0-1498 
0-1880 

13-30 
12-95 
12-43 
11  16 

7-:3: 
6-7:. 

4  03 
4  03 
3-957 
3  69 
3-392 
2  46 
2  011 

0-3830 
0  3794 
0-3704 

Platinum 

Tin 

0-3740 
0-3779 

Silver    

Zinc  

Tellurium 

Copper 

Nickel  

0-3759 
03736 
0  3675 
0-3755 
0-3819 

Iron  

0-3731 

Cobalt  

0  3685 

Sulphur 

0-3780 

The  difference  between  the  lowest  and  the  highest  product  of  the 
specific  heat  by  the  atomic  weight  in  this  table  is  only  about  4  per 
cent.,  which,  considering  the  uncertainty  of  many  of  the  atomic 
weights,  and  the  undoubted  impurity  of  some  of  the  materials,  repre- 
sents an  insignificant  deviation  from  a  constant  value,  and  seems 
to  justify  the  statement  of  the  authors.  Regnault,  who,  a  few  years 
later,  added  largely  to  the  existing  knowledge  of  specific  heats,  also 
accepted  the  statement  as  representing  a  physical  law,  and  on  this 
assumption  proposed  changes  in  certain  of  the  atomic  weights  so  as  to 
bring  them  into  harmony  with  it.  Regnault's  experiments  were  made 
by  the  method  of  mixture,  and  were  conducted  chiefly  between  the 
temperature  of  the  air  and  that  of  boiling  water,  and  although  the 
increase  of  specific  heat  at  higher  temperatures  was  known  to  him,  and 
even  to  Dulong  and  Petit,  it  seems  to  have  been  generally  assumed 
that  the  difference  was  insignificant. 

*  "  Les  atomes  de  tous  les  corps  simples  out  exactement  la  meme  capacite  pour 
la  chaleur."    Ann.  Chim.,  1819,  10,  405. 
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Kopp,  in  his  well-known  memoir  [Phil.  Trans. ,  1865,  155,  71), 
expressed  the  view  that  "  the  specific  heat  of  a  solid  body  varies  some- 
what with  its  temperature,  but  the  variation  of  the  specific  heat  with 
the  temperature  is  very  small,  provided  the  latter  does  not  rise  so 
high  that  the  body  begins  to  soften.  Taking  the  numbers  obtained  by 
Regnault  for  lead,  by  Dulong  and  Petit,  by  Bede  and  by  Bystrom  for  the 
specific  heats  of  several  metals  at  different  temperatures,  the  conviction 
follows  that  the  changes  of  specific  heat,  if  not  of  themselves  incon- 
siderable, are  yet  scarcely  to  be  regarded  in  comparison  with  the  dis- 
crepancies in  the  numbers  which  different  observers  have  found  for 
the  specific  heat  of  the  same  body  at  the  same  temperature." 

The  low  specific  heat  of  the  element  carbon  had  attracted  the  notice 
of  Regnault,  who  proposed  to  double  its  atomic  weight  so  as  to  bring 
it  into  line  with  the  rest  of  the  elements  which  conform  with  the  law 
of  Dulong  and  Petit.  By  Kopp,  carbon  and  the  allied  elements, 
boron  and  silicon,  were  frankly  regarded  as  exceptions  to  the  law,  con- 
cerning which  he  stated  deliberately  that  it  is  not  to  be  regarded  as 
universally  valid.  Kopp's  conclusion  was  supported  by  the  results  of 
experiments  made  by  other  physicists,  and  it  was,  moreover,  established 
that  the  several  allotropic  modifications  of  carbon  have  different 
specific  heats. 

A  consideration  of  the  results  of  all  the  previous  researches  on  the 
specific  heats  of  carbon,  boron,  and  silicon  led  H.  F.  Weber,  in  1872 
(Phil.  Mag.,  4,  49,  161  and  276),  to  the  conclusion  that  the  specific 
heats  of  the  different  modifications  of  these  three  elements  increase 
with  rise  of  temperature  more  quickly  than  those  of  any  other  known 
substance.  About  the  same  time,  experiments  by  Dewar  on  the  mean 
specific  heat  of  gas  carbon,  graphite,  and  diamond  between  20°  and  the 
boiling  point  of  zinc  (at  that  time  erroneously  taken  to  be  1040°)  and 
of  the  oxyhydrogen  blowpipe  flame  (estimated  at  2100°)  led  to  a 
similar  conclusion. 

The  following  tables  contain  the  results  of  Weber's  experiments  to- 
gether with  a  few  estimations  of  the  specific  heat  of  carbon  made 
by  myself.  To  those  values  of  the  moan  specific  heat  have  boon  added 
the  product  obtained  by  multiplying  tlie  mean  specific  heat  by  the 
range  of  temperature  in  each  ci«fee.  This  product,  represented  by  Q, 
expresses  the  total  amount  of  heat  ab.sorbod  by  the  substance  in 
passing  from  the  lower  to  the  higher  temperature,  and  is  convenient 
for  the  purpose  of  graphical  representation  and  comparison.  In  the 
curves  given  later  (pp.  658 — 563),  the  higher  absolute  temperatures 
above  0"  and  the  lower  absolute  tcmporaturea  below  0°  are  used  as 
abscissa). 
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Absolute 

From  C°. 

ToC°. 

Mean  specific  heat 

Q- 

temperature, 
C. 

Diamond. 

-182-5 

15 

0-0473 

(Tilden) 

9-S 

91 

-79-7 

0 

0-0720 

(Weber) 

6-7 

193 

-  21  -25 

0 

0-0953 

,, 

2  0 

252 

+  21-4 

0 

0-1128 

,, 

2-4 

294 

45-3 

0 

0  1228 

„ 

5-6 

318 

71-2 

0 

0  1339 

II 

9  5 

344 

99-8 

0 

0-U61 

ji 

146 

373 

180-2 

0 

0  1799 

1 J 

32  3 

453 

232-0 

0 

0-2006 

46-6 

505 

282  0 

0 

0-2187 

,, 

61  6 

555 

3220 

15 

0-2289 

(Tilden) 

70-3 

695 

4170 

15 

0-2557 

,, 

102-8 

690 

628-5 

22-3 

0-3016 

(Weber) 

165-0 

801 

702-0 

22-2 

0-3374 

.. 

237-8 

975 

Graphite. 

-182-5 

15 

01027 

(Tilden) 

20-2 

91 

-79-8 

0 

01219 

(Weber) 

9-7 

193 

-21-4 

0 

0-1442 

3-0 

252 

+  21-6 

0 

0-1605 

8-4 

294 

99-0 

0 

0-1904 

18-8 

372 

178-0 

0 

0-2187 

38-9 

451 

225-3 

0 

0-2350 

52  8 

498 

278-2 

0 

0-2508 

68-4 

546 

657-2 

22 

0-3251 

177-3 

830 

742-6 

22-4 

0-3574 

260-7 

1015 

True  specific  heats  calculated  by  Weber  from  the  foregoing  meaDS 
are  contained  in  the  table  on  p.  554,  together  with  the  true  atomic 
heats,  to  which  reference  will  be  made  later  (p.  556). 

Weber,  then,  proved  that  the  specific  heat  of  carbon  increases, 
at  first  very  rapidly,  with  rise  of  temperature  until  a  point  is  reached 
at  which  the  increase  is  very  slow.  The  specific  heat  of  graphite  is 
throughout  somewhat  greater  than  that  of  diamond,  but  at  600°  and 
upwards  the  difference  between  them,  as  well  as  other  forms  of  black 
carbon,  is  small,  and  the  specific  heat,  if  not  constant,  increases  very 
slowly  with  further  rise  of  temperature. 

That  the  temperature  exercises  only  an  insignificant  influence  on 
the  magnitude  of  the  specific  heats  of  the  elements,  and  that  this 
influence  may  be  overlooked  without  introducing  any  serious  error  into 
the  determination  of  the  specific  heat,  is  an  idea  which  Weber  re- 
garded as  no  longer  tenable.  The  specific  heats  of  the  solid  elements 
are  not  affected  to  the  same  extent  by  temperature,  but  Weber 
believed  that  for  every  element  a  temperature  could  be  found  at  which 
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the  variation  of  the  specific  heat  with  changing  temperature  would  he 
unimportant. 

Another  case  in  which  the  influence  of  temperature  on  specific  heat 
has  been  carefully  investigated  is  that  of  glucinum  (beryllium). 
Humpidge,  in   1885,  showed   {Proc.  Roy.   Soc,   39,   1)   that  the  true 


Temperature 
0°. 


-50-5 

-10-6 

+  10-7 

33-4 

58-3 

85-5 

140-0 

206  1 

247  0 

606-7 

806-5 

985-0 


Tnie  snpcific  '  ^toi^c  heat. 

iraespecitic  g.  H.  xA.  W. 

neat.  0  =  12. 


Diamond. 


•0635 

0-' 

-0955 

1- 

•1128 

1-. 

•1318 

1^ 

-1532 

1- 

•1765 

2- 

•2218 

2- 

-2733 

2- 

•3026 

3- 

•4408 

5- 

-4489 

5- 

-4589 

5^ 

•76 
•14 
•35 
•58 
-83 
-11 
•66 
•27 
•63 
•28 
•38 
•50 


Temperature, 
0°. 


m  -c     Atomic  heat. 

True  specific  igjj^^^y^ 

heat.  ^,^j2^ 


-50 

3 

-10 

7 

+  10 

8 

61 

•3 

138 

5 

201 

•6 

249 

3 

641 

9 

822 

0 

977 

9 

Graphite. 

0-1138 
0-1437 
0^1604 
0^1990 
0^2542 
0-2966 
0-3250 
0-4454 
0-4539 
0-4670 


1-36 
1-72 
1-92 
2^38 
3-05 
3-55 
3^90 
5  34 
5^44 
5^60 


specific  heat  of  this  metal  increases  from  0'3756  at  0°  to  0'6206  at 
500°,  and  that  at  the  latter  temperature  it  remains  practically 
constant. 

About  eight  years  ago  I  began  an  investigation  in  which  the  law 
of  Dulong  and  Petit  was  at  the  outset  assumed  to  be  valid.  On  com- 
paring pure  cobalt  and  nickel  with  each  other  it  was  found  (Bakerian 
Lecture,  Phil.  Trans.,  1900,  194,  233)  that  the  specific  heats  of  both 
metals  increase  with  rise  of  temperature,  that  of  nickel  increasing  the 
more  rapidly,  so  that  as  the  temperature  rises  the  atomic  heats  of 
the  two  metals  diverge  more  and  more  from  each  other.  Later,  I 
determined  through  a  long  range  of  temperature  the  specific  heats  of 
aluraiuium,  silver,  and  platinum,  and  f()un<l  that  while  the  specific  heats 
of  silver  and  platinum  increase  but  slightly  with  rise  of  temperature, 
that  of  aluminium  rises  very  rapidly  {Phil.  Trans.,  1 903, 201,  37).  The 
following  table  gives  the  true  specific  heats  of  tlie  metals  already 
mentioned  together  with  the  specific  boats  of  tin  and  tellurium  for 
nucccHHivo  temperatures  on  the  absolute  scale.  The  values  given 
by  Violle  for  platinum  from  0"  to  1000"  and  1177°  {Compt.  rend., 
1H77,  85,  r)43,  also  I'hil.  Mag.,  [v|,  4,  318)  are  used  in  the  calculation 
for  the  higher  temperatures. 
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IViie   Specific   Heats. 


t  abs.  C°. 

Aluminium. 

Nickel. 

Silver. 

Platiuum. 

Tin. 

Tellurium. 

100 

0  1226 

0  0575 

0  0467 

0-0275 

0  0462 

0  0462 

200 

01731 

0-0878 

0-0528 

0-0-293 

0-0504 

0-0471 

300 

0-2053 

0-1054 

0-0558 

00311 

0  0548 

0  0480 

400 

0-2254 

0-1168 

0-0572 

0  0328 

0-0596  » 

0  0489 

600 

0-2384 

0-1233 

0-0581 

0  0344    - 

— 

0-0498 

600 

0-2471 

0  1275 

0  0587 

0-0358 

— 

0  0507 

700 

0-2531 

0-1301 

0  0590 

0  0372 

— 

0-0516 

800 

— 

0-1321 

_ 

0  0385 

.- 

— 

900 

— 

0-1338 

0  0397 

^^ 

— 

1000 

— 

— 

0  0409 

— 

- 

1100 

— 

— 

00421 

-- 

1200 

0  0432 

— 

1300 

— 

0-0442 

— 

— 

1400 

— 

_ 

_ 

00452 

— 

— 

1500 

— 

— 

— 

0  0461 

— 

— 

From  these  results,  the  following  atomic  heats  are  calculated  {PhU. 
Trans.,  1903,  201,  38,  and  1904,  203,  143) : 


t  abs.  C°. 

Aluminium, 
Al  =  26-9. 

Nickel, 
Ni  =  58-3. 

Silver, 

Ag  = 

107  12. 

Platinum, 
Ft  =  193 -3. 

Tin, 
Sn  =  118-1. 

ToUurium, 
Te  =  126-6. 

100 

3-30 

3-35 

5-00 

6-31 

^      5-46 

5-85 

200 

4-66 

512 

5-65 

5-66 

5-95 

6-96 

300 

5-62 

6-14 

5-98 

6  01 

6-47 

6-08 

400 

6  06 

6-81 

6  13 

6  34 

704  ? 

6-19 

500 

6-41 

7-19 

6-22 

6  64 

— 

6-30 

600 

6-65 

7-43 

6-29 

6-92 

— 

6-42 

700 

6-81 

7-58 

6-32 

7-19 



6-53 

800 



7-70 

— 

7-44 





900 



7-80 

— 

7-67 





1000 



— 

— 

7-90 





1500 

— ' 

— 

8-91 

— 

— 

About  the  same  time,  a  series  of  experiments  by  U.  Behn  on  the 
specific  heats  of  the  metals,  graphite  and  some  alloys  at  low  tempera- 
tures, supplied  an  independent  series  of  data  {Wied.  Ann.  Physik^  [i^]» 
1.  257). 

As  a  result  of  all  these  researches,  facts  are  now  available  for  an 
examination  of  Weber's  conclusion  that  the  law  of  Dulong  and  Petit 
"may  be  accepted  as  binding  in  the  case  of  all  the  elements"  pro- 
vided the  specific  heat  of  each  is  determined  at  such  a  temperature 
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that   the   variation   of   specific   heat  with  change  of  temperature  is 
insignificant. 

According  to  "Weber,  the  constant  values  for  the  specific  heats  of 
carbon,  boron,  and  silicon  are  in  round  numbers  0"46,  0'50,  and  0'205 
respectively,  and  these  numbers  multiplied  by  the  atomic  weights  12, 
11,  and  28  are  for  carbon  55,  boron  5"5,  and  silicon  58. 

If  we  now  take  the  true  atomic  heats  of  the  other  elements  at- 
temperatures  at  which  they  are  increasing  but  slowly,  we  have  the 
following  numbers  : 


Aluminium  at 

700°  absolute                        6-81 

Nickel           at 

800 

7-70 

Silver            at 

600 

6-29 

Platinum      at 

1000 

7-90 

Tellurium     at 

600 

6-42 

Tin  (doubtful) 

400 

7-04 

Glucinum 

773 

5  64 

The  extremes  among  these  numbers  are  carbon  5*5,  platinum 
7 '9,  which  stand  toward  each  other  nearly  in  the  ratio  2  :  3.  The 
approach  to  a  constant  applicable  to  all  elements  is  therefore  less 
obvious  when  the  condition  indicated  by  Weber  is  fulfilled,  and  the 
true  specific  heats  are  used,  than  when,  according  to  the  usual  practice, 
the  mean  specific  heat  between  0°  and  100°  is  multiplied  by  the  atomic 
weight,  and  the  elements  carbon,  boron,  silicon,  and  glucinum  are  re- 
garded as  exceptions. 

The  conclusion  is  therefore  inevitable  that  the  statement  of  Dulong 
and  Petit,  in  the  uncompromising  form  in  which  it  was  originally 
enunciated,  cannot  be  accepted,  and  the  usual  application  of,  the 
specific  heat  in  the  choice  of  atomic  weights,  although  serviceable,  is 
only  based  on  the  recognition  of  a  rough  empirical  rule  applicable 
generally,  within  the  usual  limits  of  temperature,  to  the  metals  but 
not  to  the  exceptional  elements.  Nor  is  it  reasonable  to  expect 
anything  more  precise,  for  of  the  several  states  of  matter  the  solid 
8tate  is  that  of  which  we  possess  the  least  knowledge.  Yet  the  law  of 
Dulong  and  Petit  assumes  that  in  solids  the  relation  of  the  atoms  to 
one  another  is  the  same  notwithstanding  the  great  diversity  of 
fusibility,  tenacity,  and  other  mechanical  properties  observed  in  bodies. 
Such  properties  as  expansibility  a{)poar  to  have  but  little  influence  on 
specific  heat.  Comparing  together  lead  and  platinum,  for  example, 
the  atomic  weights  and  specific  heats  of  which  are  near  together,  load 
has  u  coofiicient  of  expansion  about  ten  tiinoitthatof  platinum.  Nickel 
and  nickel  steel  also  have  specific  heats  near  together  at  successive 
totiiporatureii,  the  latter  being  soniowhat  the  greater  notwithstanding 
itH  very  Hinall  coeflicient  of  expatiHion  (/VtiV.  Trann.,  IDO.'J,  201,  40). 

Specific  heat  '\h  un  affair  of  atoms,  not  of  molouules.     This  is  dumou- 
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strated  by  the  facts  embodied  in  the  law  of  Neumann,  but  it  becomes 
much  more  obvious  if  the  specific  heats  of  a  compound  and  of  the 
elements  of  which  it  is  composed  are  separately  determined  through  a 
long  range  of  temperature.  It  may  thus  be  ascertained  whether  an 
element,  the  specific  heat  of  which  increases  considerably  with  rise  of 
temperature,  retains  this  peculiarity  in  its  compounds.  With  this  object 
in  view,  I  hive  made  a  number  of  determinations  of  the  specific  heats 
of  some  compounds  of  the  elements  aluminium,  nickel,  silver,  tin,  and 
tellurium,  the  atomic  heats  of  which  have  already  been  given  (p.  555). 
The  specific  heats  of  the  compounds  formed  by  combining  these  in 
pairs  were  determined  at  intervals  from  the  boiling  point  of  liquid 
oxygen  to  a  temperature  as  high  as  possible  without  approaching  the 
melting  point  of  the  compound.  From  the  mean  specific  heats 
thus  obtained,  the  true  specific  heats  were  calculated,  as  before, 
for  intervals  of  100^  absolute,  and  from  these  the  true  molecular  heats 
have  been  derived  by  multiplying  by  the  respective  molecular  weights. 
These  are  contained  in  column  B  of  the  following  table ;  column  A 
contains  the  sum  of  the  atomic  heats  of  the  separate  elements  which 
enter  into  these  compounds. 


Molecfihr  Heats  of  Cotnpou 

nd8. 

t  abs. 

SuTe,. 

SiiTe,. 

NiTe. 

NiTe. 

Ag,Al. 

AfoAl. 

AgAl,^ 

AgAlig. 

C. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

100 

17-16 

17-33 

9-20 

8-38 

18-30 

20-58 

44-60 

53-01 

200 

17-87 

17-51 

1108 

11-35 

21  61 

22  38 

61-57 

64-92 

300 

18-63 

17-77 

12-22 

12  41 

'>3  46 

23-06 

72  12 

74-42 

400 

19-42 

18-10 

13  00 

12-92 

24-45 

24-14 

78-85 

82-41 

500 

— 

— 

13-49 

13-15 

25-07 

2515 

83  14 

88-56 

600 

— 

— 

1385 

13-28 

25-52 

26  05 

86  09 

93-12 

700 

— 

— 

14-11 

13-35 

25-77 

26-85 

88  04 

97-16 

800 

~ 

~ 

A  =  calculated  from  the  atomic  heats  of  the  elemeuts. 

B  — calculated  from  the  observed  specific  heats  of  the  compounds. 


The  aluminium  silver  alloy  containing  24*9  per  cent,  of  silver  shows  a 
greater  difference  between  B  and  A  than  in  the  other  cases,  but  even  in 
this  instance  the  differences  are  really  small,  the  maximum  being  about 
15  per  cent,  of  the  molecular  heat  at  the  lowest  temperature,  whilst 
the  minimum  difference  is  only  3  per  cent,  at  300°. 

From  the  close  concordance  between  the  two  columns  of  figures  in 
each  ease,  it  is  evident  that  Neumann's  law  is  approximately  exact,  not 
only  between  the  usual  limits  of  temperature,  but  at  all  temperatures 
at  which  the  materials  remain  solid. 
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The  graphic  representation  (p.  558)  of  the  true  specilic  heats  of  the 
elements  and  of  the  compounds  of  the  same  shows  clearly  the  influence 
of  the  preponderating  constituent  in  each  case.  The  elements  follow 
the  dotted  curves,  the  compounds  the  continuous  curves. 

Inasmuch  as  it  might  be  thought  that  the  force  of  affinity  between 
the  constituents  of  alloys  and  of  compounds  such  as  tellurides  is  too 
weak  to  produce  much  effect  on  their  atomic  heats,  I  have  made  a 
further  attempt  to  trace  the  peculiarities  of  certain  elements  by  study- 
ing the  influence  of  temj)erature  on  the  specific  heat  of  some  compounds 
in  which  the  characteristic  physical  properties  of  the  elements  present 
have  totally  disappeared.  Alumina  was  chosen  for  comparison  with 
aluminium  with  the  following  results  : 


Mean  Specific  Heat  of  Alumina  {Unpublished  Experiments). 


16"  to  100°. 

15°  to  195°. 

15' to  315°. 

15  to  4-20. 

15to510°C. 

White  corundum 

Sapphire    

0-2011 
0-1993 
0-2005 

0-2003 

0-2195 
0-2195 

0-2311 
0  2811 

— 

Artificial  AljOj  (fused).. 
Sapphire    

0-2400 
0-2400 

0^2472 

Artificial  AljOj  (fused).. 
General  mean   

02456 
0*2464 

Q    = 

Ait  abs 

17-0 
373° 

39  5 

468* 

69-3 

588° 

1 
97-2       1      1219 

693°         i      783° 

j 

Mean  Specific  Heat  of  Aluminium. 


15°  to  185° 

0-2189 

whence  ©=37-2 

15    to  335 

0  2-247 

M       0  =  71-9 

15    to  135 

0  2356 

0=98-9 

When  these  are  plotted  as  before,  with  Q  as  ordinates  and  the  higher 
absolute  temperatures  as  abscissse,  the  curve  shown  on  p.  560  is  produced. 

Since  alumina  consists  of  nearly  equal  parts  of  metal  and  oxygen, 
the  close  approximation  of  the  two  series  of  experimental  results 
shows  that  oxygen  in  the  solid  form  has  a  specific  heat  practically 
identical  with  that  of  aluminium. 

I  have  also  made  a  few  experiments  on  lead  oxide  (litharge)  and 
lead,  and  the  numbers  and  curves  on  p.  561  show  that  the  specific 
heat  of  the  oxide  is  in  this  case  much  greater  than  that  of  the 
metal. 
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Mean  Specific  UeaX. 
Lead  oxide.  Lead. 


Temp.  C. 

S.  H. 

Q- 

S.  H. 

Q. 

Temp.  ab«. 

182-5°  to  15° 

0  0403 

7-96 

0  0290 

5-73 

90-5' 

15°   to  100 

00510 

4-33 

0  0309 

2  63 

373  0 

15     to  203 

0  0527 

9-90 

0  0320 

6  02 

476  0 

The  atomic  heat  of  solid  oxygen  was  estimateil  by  Kopp,  from 
observations  of  the  specific  heats  of  compounds  c*ontaiuing  this  element, 
to  be  4  0  (approx.)  at  temperatures  from  about   15°  to  100°.     If  we 
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assume  the  specific  heat  of  solid  oxygen  to  be  identical  with  that  of 
aluminium,  the  atomic  heat  of  oxygen  at  successive  temperatures  will 
be  as  follows  : 


C  abs. 

S.  H.  X  16.      = 

:        Atomic  heat 

100 

01226 

1-9 

200 

01731 

2-7 

800 

0-2058 

3-3 

400 

0-2254 

3-6 

500 

0-2884 

3-8 

600 

0-2471 

8-9 

700 

0-2531 

4  0 

The  values  deducible  from  the  specific  heats  of  other  oxides,  using 
Regnault's  numbers,  may  be  set  down  for  comparison,  but  it  will  be 
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observed  that  as  the  proportion  of  oxygen  in  the  compound  diminishes 
the  estimated  atomic  heat  for  the  oxygen  increases.  It  may  fairly  be 
assumed  that  the  most  trustworthy  results  are  deduced  from  those 
cases  in  which  the  oxygen  forms  a  large  proportion  of  the  mass  of  the 
oxide. 

Oxide.  Oxygen  per  cent.    A.  H.  (15°  to  100°). 

AljOg 47-0  3-3 

MgO    400  3-7 

ZnO     ie7  3-9 

HgO    7-4  4-7 

PbO     7-1  50 

The  estimate  I  have  suggested  {Phil.  Trans.,  1904,  203, 148)  for  the 
atomic  heat  of  gaseous  oxygen  is  2 "7. 

An  attempt  has  been  made  to  trace  the  specific  heat  of  carbon  in 
solid  combination.  For  this  purpose,  two  hydrocarbons,  picene  and 
ozokerite,*  were  chosen  containing  respectively  a  small  and  a  largo 
proportion  of  hydrogen.  The  choice  is  limited  owing  to  practical 
difficulties.  Picene  has  the  formula  CjqHj^  and  contains  94*96  per 
cent,  of  carbon  and  5*04  per  cent,  of  hydrogen. 

Mean  Specific  Heat  of  Picene  (m.  p.  364°). 

Temp.  C.  S.  H.                     Q.  f  abs. 

-182-6°  to  15°  0-1601  31-5  90*5 

-95-3  to  15  01G76  18-4  1777 

15    to  100  0-2829  24-0  373  0 

15    to  210  0-3566  695  4830 

Mean  Specific  Heat  of  "  Ozokerite  "  (m.  p.  05'^). 

-182-5°  to  15°  0-2846  56-0  90-5 

-95-3  to  16  0-3114  34-3  1777 

15      to  407  0-4956  127  313-7 

When  the  values  of  Q  are  plotted  against  absolute  temperatures  as 
in  previous  cases,  the  hydrocarbons  are  found  to  yield  curves  similar  in 
character  to  those  of  graphite  and  diamond  at  the  higher  temperatures. 
The  specific  heat  of  liydrogen  is  much  greater  than  that  of  carbon  at 
all  temperatures,  novorthcloss  the  increase  in  the  sjjecific  heat  by  rise 
of  temi)erature  which  i.s  characteristic  of  carbon  is  manifest  in  the 
specific  heat  of  the  compound  notwithstanding  the  hydrogen  which  is 
aiMOciated  with  it.  These  data  are  insufliciont  for  any  probable 
estimate  of  the  atomic  heat  of  solid  hydrogen,  which  is  best  deduced 
from  the  specifio  heat  of  ice.     Kopp  put  the  number  2*3  for  the  atomic 

*  Nataral  ozokerite  wm  hoatnd  with  oil  of  vitriol  for  noiuo  Iioiu-fi,  then  wuHliod 
and  (linlillod  and  the  solid  diutillato  uryHtalliHcd  Troin  alcoliol.  Tiie  white  product 
melted  at  a)>oul  05"  nnd  conviHtcd,  proMuni[il)ly,  of  a  piiriifliii  ii])|)r(>.\iiimLiiig 
toOaH(f»  which  coutuliw  85 "27  per  cent,  of  carbon  and  14-73  per  cent,  of  liydrogen. 
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heat  of  hydrogen,  but  if  we  assume 
from  my  experiments  that  the  atomic 
heat  of  solid  oxygen  a  few  degrees 
below  0°  is  approximately  3,  the 
value  for  hydrogen  comes  out  about 
2-7.  Thus  the  specific  heat  of  ice 
from  -  78°  to  0°  is  0-47,  and  there- 
fore the  molecular  heat  is  8"46.  Sub- 
tracting 3  for  the  oxygen,  half  the 
remainder,  5-46,  is  2*7,  the  atomic 
heat  of  solid  hydrogen. 

Concltisions. 

1.  The  influence  of  temperature  on 
the  specific  heats  of  many  elements 
and  compounds  is  much  greater  than 
was  formerly  supposed. 

2.  There  appears  to  be  no  one  con- 
dition or  set  of  conditions  under 
which  the  law  of  Dulong  and  Petit 
is  true  of  all  the  elements. 

3.  The  nearest  approach  to  a  con- 
stant available  for  pmctical  purposes 
is  found  by  taking  the  mean  specific 
heats  of  metals  between  the  freezing 
and  boiling  points  of  water,  recog- 
nising glueinum,  boron,  carbon,  and 
silicon  as  exceptions,  together  with 
hydrogen,  oxygen,  nitrogen,  and  per- 
haps chlorine  in  the  solid  form. 

It  is  possible  that  the  atomic  heats 
of  elements  in  the  gaseous  state  may 
be  equal,  direct  experiment  on  the 
gases  having  led  to  the  value  2*4  for 
hydrogen,  2  5  to  2  7  for  oxygen,  and 
2 "6  for  carbon  (in  carbon  dioxide). 

4.  The  independence  of  each  atom 
in  an  element  or  compound  must  be 
regarded  as  a  fact  of  the  utmost  im- 
portance from  the  point  of  view  of 
theory.  That  the  molecular  heat  of 
a  compound  is  the  sum  of  the  atomic 
heats  of  all  the  elements  present  is 


Q 

/ 

/ 

150 

140 

_ 

IZO 

, 

/] 

CI 

lAP 

HIT 

rt 

// 

100 

// 

/ 

11 

p» 

;CN 

~*1 

TO 

*/ 

11 

/ 

ll 

/] 

1 

// 

• 

111 

jl 

n 

AM 

ONE 

lii_ 

30 

. 

ll 

ll 

'/ 

20 

u 

f 

m 

' 

K) 

w 

7 

Q 

i 

A 

!0 

A 

n 

-^ 

/ 

/ 

20 

f 

^y 

/ 

02 

OKI 

:ri 

TE 

X 

/ 

/ 

/ 

30 

/] 

/ 

i 

40 

/ 

/ 

f 

/ 

50 

/ 

i 

ABSOLUT 

F 

t 

\tz 

MPERATl 

JRE 

0 

2< 

30 

41 

30 

6 

00 

&t 

30 

564  SPECIFIC    HEAT    AND    ATOMIC   WEIGHT. 

in  harmony  with  the  results  of  observations  on  other  additive  properties, 
such  as  specific  volume  and  specific  refraction.  Such  independence 
suggests  the  idea  that  chemical  combination  results  from  the  mechanical 
fitting  together  of  atoms,  so  that  a  section  through  a  mass  would  exhibit, 
if  the  atoms  were  visible,  a  certain  tactical  arrangement  probably  corre- 
sponding with  the  closest  approximation  possible  under  prevailing  con- 
ditions. It  has  yet  to  be  shown  that  chemical  combination  results,  in  all 
cases,  from  the  existence  of  electric  charges  resident  on  the  atoms  or  in 
electrons  associated  with  them.  The  molecules  of  carbon  compounds, 
especially,  may  be  regarded  as  being  probably  formed  by  the  adjust- 
ment of  the  constituent  atoms  to  one  another  in  respect  to  space,  and 
it  is  noteworthy  that  the  binary  compounds  of  carbon,  the  hydrides, 
chlorides,  and  oxides,  when  in  the  liquid  state,  are  not  electrolytes, 
and  no  case  is  known  of  the  electro-deposition  of  carbon  from  such 
compounds  in  the  elemental  form. 


OBlTUAUi    .NOTICES. 

FREDERICK  AUGUSTUS  ABEL. 
BojtN  July  17th,  1827;  Dieu  Septkmbku  6tii,  1902. 

TiiK  sudden  doutli  of  Sir  Frederick  Aljel  on  September  6,  19U2,  ut 
his  residence,  Whitehall  Court,  London,  S.W.,  at  the  age  of  seventy- 
live  years,  removed  from  the  English  scientific  societies  one  pf  their 
most  distinguished  and  energetic  repi-esentatives.  Almost  every  branch 
of  Technical  Science  had  been  enriched  by  his  labours,  and  he  became  in 
turn  the  active  official  head  of  many  important  organisations  during  the 
latter  part  of  the  last  century. 

Born  in  Loudon  on  July  17th,  1827,  eldest  son  of  the  bite  J.  L. 
Abel,  of  Kennington,  a  music  master  of  German  descent  (whose  father 
is  said  to  have  been  Court  Miniature  Painter  to  the  Grand  Duke 
of  Mecklenburg  Schwerin),  the  subject  of  this  memoir  enjoyed  the 
advantage  of  home  training  in  two  languages,  his  mother  being 
English.  At  the  age  of  fourteen  he  went  to  Hamburg  on  a  visit  to  his 
uncle,  A.  T.  Abel,  a  mineralogist  and  pupil  of  Berzelius,  and  probably 
to  this  circumstance  may  be  ascribed  his  lejining  towards  scientific 
pursuits.  Electing  to  become  a  chemist,  young  Abel  commenced  his 
studies  in  1844  under  Dr.  Ryan  at  the  Royal  Polytechnic  Institution  ; 
but,  not  finding  this  course  of  instruction  acceptable,  he  changetl  over 
in  the  following  year  (October  1845)  to  the  newly-founded  Royal 
College  of  Chemistry,  which,  starting  on  the  approved  Giessen  system 
with  a  pupil  of  the  illustrious  Liebig  as  the  Professor,  offered  greater 
advantiiges.  Abel  was  one  of  the  twenty-six  original  students  who 
began  work  in  the  temporary  laboi-atories  at  George  Street,  Hanover 
Square,  and  migrated  with  the  Professor,  Dr.  A.  W.  Hofmann,  a  year 
later,  into  the  specially-erected  buildings  in  Oxford  Street,  of  which  the 
foundation-stone  had  been  laid  by  the  Prince  Consort  in  June  1846. 
So  apt  was  he  as  a  pupil  that  he  was  speeilily  elected  an  assistant, 
having  for  colleagues  E.  C.  Nicholson,  T.  H.  Rovvney,  and  C.  L.  Bloxam, 
and  being  joined  later  by  Di-,  David  S.  Price,  fresh  from  Professor 
Erdmann's  laboratory  at  Leipzig.  Here  he  spent  five  more  years, 
teaching  in  the  laboratory  and  doing  some  original  work  on  his  own 
account.     He  likewise  assisted  the  Professor  in  some  of  his  importiint 
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early  researches,  e.g.  '*  Volatile  Organic  Bases."  Abel  was  elected  a 
Fellow  of  the  Chemical  Society  of  London  in  1848,  and  read  the  follow- 
ing papers  at  meetings  of  that  body  : — 

1847.  r.    A.    Abel.  "  Products  of  the  Oxidation  of  Cumol  by 

Nitric  Acid." 
["Mineral  Waters  of  Cheltenham." 

1848.  Abel  and  Rowney."!  "Water  from  Artesian  Wells,  Trafalgar 

\  Square." 

1849.  Abel  and  Nicholson.     "On  Strychnine." 

In  1851,  Abel  left  the  College  to  become  Demonstrator  of  Chemistry 
at  St.  Bartholomew's  Hospital  under  Dr.  John  Stenhouse  ;  and  when, 
twoyeais  later,  the  post  of  Lecturer  on  Chemistry  at  the  Royal  Military 
Academy,  Woolwich,  became  vacant  by  the  retirement  of  Michael 
Faraday  (who  had  held  it  since  1829),  Abel  applied  for  it  and  was  duly 
elected.  This  was  the  turning-point  in  his  career,  and  marked  the 
commencement  of  a  long  period  of  active  service  at  Woolwich  as  tlie 
Scientific  Adviser  to  the  War  Office,  almost  immediately  resulting  in  his 
definite  appointment  as  Chemist  of  the  War  Department,  with  otticial 
residence  at  Woolwich  Arsenal,  about  the  year  1854,  when  all  the 
Government  resources  were  being  strained  to  their  utmost  in  preparation 
for  the  great  Russian  wai*.  At  this  time  also  his  scientific  reputation 
and  influence  were  doubtless  strengthened  by  the  joint  publication  of 
a  JIaiidbook  of  Chemistry  by  Abel  and  Blo.vum,  with  a  Preface  by 
Dr.  A.  W.  Hofmann  (724  pages),  issued  from  the  well-known  press  of 
John  Churchill,  London,  in  1854.*  This  quickly  ran  through  two 
editions,  but  when  later  a  third  was  required,  Abel,  *"  not  having  leisure 
to  devote  to  its  preparation,"  as  stated  in  the  Preface,  the  work  was 
reproduced  in  a  somewhat  different  form  by  Charles  L.  Bloxam  alone. 

To  enumerate  the  activities  of  the  thirty-four  years  ( 1 854  1888)  during 
wliich  Sir  Frederick  Abel  retjiined  his  position  at  Woolwich  Arsenal  is 
no  light  task,  inasmuch  as  it  covers  a  i)oriod  of  great  reforms  in  the 
Army  and  alterations  of  military  equipment.  The  cast-iron  ordnance 
and  bron/.o  ficM  guns  were  superseded,  breech-loading  arms  of  greater 
])reci8ion  were  introduced,  and  new  percussion  fuses  provided  ;  also 
t<)ri)e(locB,  submarine  mining,  and  blasting  materials — even  the  black 
gnnfK)\V(ler  in  common  use  had  to  be  changed — all  demanding  careful 
study  and  inniunerable  expfrimontB. 

The  Navy  nlao  underwent  a  crucial  change  from  the  time-honoured 
"  wooden  wallH*' to  iron  ships  and  armour-plating.     Chilled  shot  and 

*  The  piiiiio  motive  for  lliu  a|i|M'nraiir()  dl'  tliJH  work  was  (lie  want  of  a  HiiiUililc 
ti'Xt-IxNik  to  ptil  iiitiillic  liiiiiilHortliu(;ii(1<!tsHtiiilyiii^ut  tlic  Koyal  Militnry  AcmliMiiy, 
who  would  HikI  tilt)  Wultliiiiii  Abboy  procoHHL'H  (or  llio  inniliuitioii  of  HaltiKitm  and 
nmiiufAf^tiirH  of  Kiui}K>W(li!r  riilly  d'.'scribud,  togoihor  with  uthor  dotuiJH  ui'  prulcsHionuI 
luUtrmt. 
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steel  shells  were  introduced,  and  then  began  the  interminable  contest 
between  means  of  attack  and  defence.  Trials  were  constantly  made 
in  Woolwich  Marshes  and  at  Shoeburyness  of  new  schemes  and 
constructions,  all  of  which  were  supervised  by  military  committees,  on 
which  Sir  Frederick  Abel  invariably  found  a  place. 

As  juror  or  British  representative  he  was  sent  to  do  duty  at 
the  Paris  and  Vienna  Electrical  Exhibitions  of  1881  and  1883;  also 
he  was  Chief  of  the  Executive  of  the  International  Inventions  and 
Music  Exhibition  held  in  London  in  1885  ;  Member  of  the  Ordnance 
Select  Committee;  of  the  Royal  Commission  on  Accidents  in  Coal 
Mines ;  Expert  for  Petroleum  Legislation,  Submaiine  Defences,  and 
Smokeless  Powders ;  and  until  cut  off  by  death  he  was  for  many  years 
President  of  the  Explosives  Committee. 

Tlie  lamentable  accident  at  Messrs.  Prentice's  Stowmarket  factory 
brought  to  light  a  hitherto  unsuspecteil  property  of  gun-cotton,  show- 
ing that  even  in  the  form  of  moist  pulp,  and  under  water,  it  could 
be  fired  by  detonation  or  extreme  compression.  Working  on  this 
basis,  and  with  the  happy  collaboration  of  one  of  his  assistants, 
Edwin  O.  Brown  (who  devised  and  carried  out  a  special  series  of 
experiments,  for  which  he  was  rewarded  by  the  Government),  Abel 
was  driven  to  the  conclusion  that  his  first  opinion  as  to  the  cause  of  the 
Stowmarket  distister  would  have  to  be  modified  ;  and  as  a  final  outcome 
of  this  inquiry  most  important  results  followed,  which  were  immediately 
put  to  practical  use  in  submarine  and  torpedo  warfare.  Then,  again, 
as  to  the  old  form  of  gunpowder,  working  with  Sir  Andrew  Noble  on 
gniins  of  enormous  size,  "  pebble  powder,"  it  was  found  that  the  i-apidity 
of  ignition  and  pressure  under  which  it  was  fired,  exerteil  a  vast  in- 
fluence upon  the  expansive  force  generatei.1,  and  that  even  the  products 
of  combustion  were  variable  under  these  different  conditions.  The 
powder  had  tlierefore  to  be  specially  prepared  when  the  huge  chambers 
of  the  81 -ton  gun  required  to  be  supplied  with  ammunition,  charges  of 
"  prism  powder  "  being  the  result. 

From  1868  to  1875,  Abel  devoted  much  of  his  time  to  the  investiga- 
tion of  gun-cotton,  publishing  his  results  in  the  Philosophical  l^rans- 
actions  of  the  Koyal  Society,  and  delivering  lectures  on  special  points  at 
the  Royal  Institution,  London,  and  Royal  Artillery  Institution,  Wool- 
wich. He  was  elected  President  of  the  Chemical  Society  for  1875-7, 
and  during  the  tenure  of  this  office  he  invited  the  Fellows  to  Woolwich 
on  March  14, 1876,  to  witness  a  series  of  practical  demonstrations  in  the 
Royal  Arsenal.  About  four  hundred  mem>3ers  attended,  and  they 
were  favoured  with  an  ever-memorable  programme  of  gi-eat  scientific 
interest.  Two  rounds  were  fii-ed  from  the  81-tou  gun,  called  at  that 
time  "  The  Woolwich  Infant."  A  grand  series  of  gun-cotton  experi- 
ments were  displayed,  showing   the    extraoi*dinary  difference    in  the 
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destructive  effects  according  to  the  mode  of  ignition  and  confinement 
of  the  charges — sometimes  burning  slowly  away  or,  if  detonated,  explod- 
ing with  terrific  violence.  Torpedoes  were  launched  in  the  ^lilitary 
Canal ;  the  40-ton  steam-forging  hammer  was  set  in  action,  and  the 
whole  of  the  workshops  and  gun  factories  were  open  for  inspection. 

In  September  1877,  Abel  was  President  of  Section  B  (Chemistry)  at 
the  Plymouth  meeting  of  the  British  Association;  in  1881  and  1882, 
President  of  the  Institute  of  Chemistry.  The  following  year,  1883, 
he  succeeded  Sir  Henry  Roscoe  as  President  of  the  Society  of  Chemical 
Industry,  served  at  the  Vienna  Exhibition,  as  already  mentioned, 
and  was  knighted.  Then  we  find  him  busy  on  "  Dangerous  Dusts," 
Steel  Testing,  Nitro-Glycerine  and  Cordite,  and  helping  the  cause  of 
Technical  Education  whilst  on  the  governing  body  of  the  City  and 
Guilds  of  London  Institute  and  as  Prime  Warden  of  the  Goldsmiths' 
Company  ;  filling  up  his  time  by  serving  as  Chairman  of  the  Society 
of  Arts,  and  President  of  the  Institution  of  Electrical  Engineers  ; 
Member  of  the  Board  of  Managers,  Eoyal  Institution,  and  of  the 
Council  of  the  Royal  Academy  of  Music.  He  was  also  Chairman  of 
the  British  Committee  in  promotion  of  the  Hofmann  Testimonial, 
1888,  which  added  a  considerable  sum — about  £270 — to  the  Inter- 
national Fund. 

Another  subject  upon  which  Sir  F.  A.  Abel  was  consulted  took 
the  form  of  a  reference  touching  the  safety  of  Petroleum  for  storage 
and  use  as  an  illuminant  in  domestic  lamps.  In  1868,  investigations 
led  to  the  adoption  of  an  Open-Test  apparatus  with  the  limit  of 
100°  F.  as  "flash  point";  but  it  was  found  later  that  more  precise 
results  could  be  obtained  by  the  use  of  Abel's  Close-Test  apparatus 
and  substitution  of  73°  F.  (instead  of  100°).  This  standard  was 
legalised  in  1879,  and  has  ever  since  been  adopted. 

Somewhat  akin  to  the  above  was  an  experimental  inquiry  under- 
taken at  the  request  of  the  Home  Office,  1880,  into  the  question  of 
Colliery  Exijlosions  and  the  inlluonce  of  Coal-dust  as  one  of  the  causes. 
The  report  was  presented  in  June  1881,  and  wont  to  show  that  tho 
finely-divided  particles  suspended  in  air  were  a  source  of  danger 
siiuilur  to  that  occasionally  experienced  in  flour-mills.  A  lecture  was 
delivered  at  the  Royal  Institution  in  April  1882  on  "  Dangerous 
Dusts,"  in  which,  after  reviewing  the  Reports  of  Faraday  and  Lyoll, 
1846;  Ilankin  and  Macadam,  1872  (referring  to  the  lamentable 
accident  at  tho  Tradoston  Klour  Mills,  Glnsgow,  when  several  [jorsons 
were  kilh^d),  and  to  the  later  re[)ort  of  Marn^co  and  Morison  on  C'oal- 
dust  dungors  at  Heaham  Colliery,  Durhanj,  Sir  Frederick  Abel 
described  his  own  exi>erimental  results,  and  pointed  to  the  fact  that, 
although  a  mixture  of  two  or  three  per  ci^nt.  of  firedamp  with  air  was 
not  ituulf  inilammable,  it  became  explosive,  or  "a  carrier  of  (lame,"  as 
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soon  as  the  particles  of  coal-dust  were  diffused  through  such  an 
atmosphere,  as  the  consequence,  for  instance,  of  using  the  ordinary 
gnn[)owder-blast  for  dislodging  masses  of  coal.  The  merits  of  the 
quicklime  system  of  mining,  and  of  the  dynamite  and  water-blast 
were  discussed. 

In  1883,  Sir  F.  A.  Abel  was  elected  an  Honorary  Member  of  the 
Institution  of  Mechanical  Engineers,  in  recognition  of  his  liaving 
undertaken  for  their  Research  Committee  on  the  Hardening  of  Steel 
a  series  of  experiments  on  the  condition  in  which  the  carbon  exists 
in  that  metal.  The  isolation  of  the  carbide,  FcjC,  believed  to  be  dis- 
solved throughout  the  steel,  was  held  to  be  a  step  to  the  elucidation 
of  this  subject ;  but  it  remained  for  the  late  Sir  W.  Roberts-Austen 
to  put  the  finishing  touch  to  this  inquiry  by  attacking  the  problem 
from  the  physical  side.  The  subject  of  feteel,  and  the  influence  of 
small  additions  of  other  metallic  elements,  such  as  manganese,  nickel, 
cobalt,  chromium,  and  aluminium,  was  i-ef erred  to  at  Leeds  in  1890, 
when  Sir  Frederick  Abel  was  President  of  the  British  Association  for 
the  Advancement  of  Science,  and  again  in  the  following  year,  when  he 
was  President  of  the  Iron  and  Steel  Institute. 

It  had  been  decided  to  commemorate  the  Jubilee  of  Her  Majesty 
Queen  Victoria's  reign  by  the  erection  of  a  grand  edifice  at  South 
Kensington,  which  was  to  be  devoted  to  a  permanent  exhibition  of  the 
natural  products  and  articles  of  commerce  obtainable  from  India  and 
the  British  Colonies.  The  Museum  was  to  be  a  centre  of  inquiry  and 
conference  between  merchants  and  manufacturers  of  the  Empire. 
Imperfectly-known  substances  were  to  be  brought  to  their  proper  uses 
and  turned  to  profitable  account ;  some  ores  and  drugs  might  require 
to  be  analysed,  or  made  the  subject  of  research,  for  which  a  trained 
scientific  staff  and  suitable  laboratories  were  provided.  Sir  Frederick 
Abel  was  appointed  the  Organising  Secretary,  and  for  fourteen  years 
he  devoted  himself  to  this  work  (1887  to  1901),  ceasing  from  his 
labours  only  when  the  perfected  scheme  was  placed  under  the  direction 
of  the  Board  of  Trade,  and  part  of  the  surplus  buildings  devoted  to  the 
needs  of  the  London  University, 

Blest  with  good  health  and  indomitable  perseverance,  Abel  succeeded 
in  accomplishing  an  amount  of  work — and  that  of  a  nature  sometimes 
attended  with  personal  risk — which  would  have  appalled  many  a 
scientific  professor  placed  in  similar  circumstances.  It  is  not  surpris- 
ing that  honours  fell  fast  upon  him  both  by  Royal  patronage  and 
University  pi-eferment.  He  was  made  a  Companion  of  the  Bath  in 
1877,  and  promoted  to  Knight  Commander  of  this  Order  in  1891  ; 
knighted  in  1883,  and  made  a  Baronet  in  1893  (after  the  opening  of 
the  Imperial  Institute),  while  in  1901  he  was  created  a  Knight  Grand 
Cross  of  the  Victorian  Order,     Oxford  conferred  its  D.C.L.  in  1883, 


570  OBITUARY. 

and  Cambridge  its  D.Sc.  in  1888.  He  held  the  Albert,  the  Royal,  and 
the  Telford  Medals,  also  the  Bessemer  Gold  Medal,  1897.  As  already 
stated,  he  was  made  successively  President  of  many  of  the  learned 
Societies  and  Honorary  Life  Member  of  others. 

Sir  Frederick  Abel  was  one  of  the  six  Past  Presidents  of  the 
Chemical  Society,  "  who  had  accomplished  their  Jubilee  as  Fellows,"  in 
whose  honour  a  Banquet  was  given  in  London  on  November  11,  1898, 
at  the  Whitehall  Rooms.  There  were  to  have  been  seven,  but  Lord 
Playfair  died  while  the  preliminary  arrangements  were  being  made, 
and  the  Festival  was  consequently  postponed  from  an  earlier  date 
(June  9th).  Of  these  six  or  seven  distinguished  men  only  Professor 
Odling  survives.  The  chair  was  taken  by  Professor  Sir  James  Dewar, 
and  an  illustrious  company  assembled,  including  Dr.  H.  T.  Bottinger, 
Professor  W.  Ostwald,  Lord  Lister,  P.R.S.,  Lord  Chief  Justice  Alver- 
stone,  several  statesmen  and  heads  of  scientific  departments,  together 
with  about  two  hundred  and  fifty  Fellows  of  the  Chemical  Society. 

Socially,  the  late  Sir  F.  A.  Abel  was  doubly  acceptable  on  account  of 
his  splendid  musical  talents.  Not  a  vocalist  himself,  he  was  ever  ready 
to  play  the  accompaniments,  and  even  train  a  band  of  singers,  besides 
giving  exquisite  performances  on  the  grand  pianoforte  at  many  of  tlie 
earlier  dinners  and  festivities  of  the  Chemical  Societies.  To  hear  his 
rendering  of  "William  Tell,"  "  Oberon,"  "  Der  Freischiitz,"  "Tann- 
hauser,"  and  other  choice  operatic  selections,  generally  played  without 
music  score,  was  always  a  great  artistic  treat. 

As  to  Clubs,  he  was  a  member  of  the  Athemeum,  the  Savage,  and  the 
Garrick,  and  in  former  times  one  of  the  prominent  members  of  "  The 
Bees" — a  small  fraternity  of  chemical  students  (chiefly  Hofmann's 
pupils)  to  whose  meetings  Abel  used  to  take  his  zither. 

Sir  Frederick  was  twice  married,  but  died  a  widower  without 
children.     The  Baronetcy  is  therefore  extinct. 

J.  Spillbr. 


LOBBY  DE  BRUYN. 
BoKN  Januauv  IsT,  1857;  Died  July  27Tn,  1904, 

At  the  early  age  of  forty-seven  the  name  of  fmo  of  tlio  youngest  of 
the  Honorary  Foreign  Members  of  the  Chemical  Society  disappears  from 
the  list.  Scarcely  had  his  election  been  completed,  in  May  last,  than 
he  was  seized  with  illneHs  which  ended  fatally  on  July  27. 

Comelis  Adriaan  Lobry  van  Troostenburg  de  Bruyn  was  born  on 
January  1, 1867,  atLeeuwarden,  where  his  father,  Nicholaas  Lobry  van 
TrooMtenburg  de  Bruyn,  was  a  physician  in  practice.     Tho  boy  was  in 
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due  time  sent  to  the  high  school  of  the  town  (Hoogere  Burger  School), 
and  subsefiuently  for  a  year  to  the  Gymnasium.  In  1875  heeittered  the 
University  of  Leiden,  and  in  1883,  while  acting  asa8sist.jint  to  Professor 
Francliimont,  hv  pioduced  his  dissertation  and  obtained  his  doc-toitite. 
The  subject  of  this  thesis  was  the  interaction  of  the  three  dinitro- 
benzenes  with  potassium  cyanide  in  alcoholic  solution,  an  investigation 
to  which  he  several  times  returned,  and  of  the  i-esults  of  which  he 
published  a  resume  so  recently  as  the  spring  of  1904  {Hec.  Trav.  ehiin. 
Paya-Baa,  23,  39). 

About  this  time  De  Brum  went  to  Paris  and  worked  for  a  few  months 
in  the  hil)oratory  of  Wurtz,  and  in  tliat  of  Fiiedel,  returning  to  Leiden 
in  1884,  where  he  lemainetl  until  the  following  year.  Having  been 
appt  inted  Chemist  to  the  Government  Department  of  Marine, 
his  ofticial  duties  natumlly  brought  before  his  notice  new  problems, 
especially  those  connected  with  the  manufacture  and  proj)ertie8  of 
explo.sives,  and  to  this  work  he  devoted  much  attention  duriug  eleven 
years.  During  this  period  he  l>egan  the  study  of  methyl  and  ethyl 
alcohols  in  the  chai-acter  of  solvents,  which  led  him  on  to  the  isolation 
of  hydroxylaniine  and  of  hydrazine.  Neither  of  these  bases  had  up  to 
this  time  been  obtaine<l  in  a  free  state,  owing  probably  to  the  use  of 
water  as  the  solvent.  De  Bruyn  found  that  hydroxylamine  hydi*o- 
chloride  dissolves  in  about  six  times  its  weight  of  absolute  methyl  alcohol, 
and  that  when  mixed  with  the  calculate<l  quantity  of  sotlium  methoxide, 
also  dissoheil  in  methyl  alcohol,  soilium  chloride  is  precipitatecl,  and  a 
solution  of  hydroxylamine  is  obtained.  From  this  the  alcohol  may  be 
distilled  off  under  reduced  pressure.  It  was  soon  found  that  hydroxyl- 
amine is  not  a  gas,  as  had  been  previously  supposed,  but  a  crystalline  solid 
wliich,  although  very  explosive,  can  be  distilled  under  a  low  pressui*e. 
This  isolation  of  hydroxylamine  was  accomplished  in  1891.  Hydrazine, 
discovered  by  Curtius  in  1887,  was  known  in  the  form  of  hydrate,  from 
which,  however,  it  had  been  found  impossible  to  remove  the  elements  of 
water.  De  Bruyn  succeeded  in  1894  in  applying  the  methoil  adoptetl 
for  the  isolation  of  hydi"oxylamine.  The  hydi-ochloride  boiled  with  a 
methyl-alcoholic  solution  of  sodium  methoxide  and  then  fractionated 
under  reduced  pressure  gave  solutions  containing  as  much  as  92  per 
cent,  of  hydrazine.  The  dehydration  was  completed  by  contact  with 
barium  oxide.  The  free  base,  originally  descrilied  as  a  gas,  was 
found  to  be  a  liquid  at  common  tempei-atui-es,  although  freezing  into  a 
solid  which  melts  at  1"4°,  and  in  the  liquid  stsite  hiiving  nearly  the 
same  density  as  its  hydrate  N.jH^,H.,0,  a  remarkably  stable  substance 
which  boils  constantly  at  1 18'5°.  The  whole  of  the  physical  constants  of 
hydrazine  were  determined  by  De  Bruyn,  and  are  described  in  a 
memoir  published  in   1896   {Rec.    Trav.   ehitn.,    15,   174). 

In  this  year  he  was  appointed  to  succeed  Gunning  as  Professor  in  the 
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University  of  Amsterdam,  having  declined  the  position  of  State 
Chemist  offered  to  him  in  1895  by  the  Government  of  the  Transvaal. 
In  this  connection  it  may  be  mentioned  that  in  1901  a  chair  was 
offered  to  De  Bruyn  in  the  University  of  Vienna,  an  invitation  which, 
however  flattering,  did  not  disturb  his  devotion  to  the  work  which  lay 
before  him  in  his  own  fatherland.  His  duties  in  Amsterdam  included 
the  instruction  of  pharmaceutical  students  as  well  as  students  of  pure 
chemistry,  but  over  all  he  exercised  the  same  stimulating  and  inspiring 
influence  which  carried  them  forward,  and  to  which  many  of  those, 
especially  who  are  applying  their  chemistry  to  the  purposes  of  the 
profession  of  medicine,  will  have  reason  to  look  back  with  thankfulness. 
In  the  inaugural  address  delivered  on  assuming  his  pi'ofessorial  duties 
De  Bruyn  announced  his  intention  of  studying  the  phenomena  which  are 
attributed  to  atomic  rearrangement,  and  in  the  pursuit  of  these  inquiries 
he  gradually  turned  in  his  later  years  to  problems  of  physical  chemistry. 
The  sort  of  questions  with  which  he  occupied  himself  are  indicated 
clearly  by  the  titles  of  some  of  his  most  recent  papers.  "  Do  the  Ions 
carry  the  Solvent  with  them  in  Electrolysis  ]  "  *  This  question  cannot  be 
studied  by  using  purely  aqueous  solutions,  but  it  can  be  done  by  means 
of  solutions  of  an  electrolyte,  say,  in  mixtures  of  water  and  methyl 
alcohol.  Then  if  one  of  the  ions  carried  with  it  one  of  the  solvents, 
this  would  be  found  out  by  the  difference  in  the  proportion  of  the  two 
solvents  at  the  cathode  and  the  anode  both  by  comparing  them  with 
each  other  and  with  the  original  solution.  Experiments  made  with 
silver  nitrate  led  to  the  conclusion  that  under  the  circumstances  of  the 
experiments  no  such  transference  of  the  solvent  occurred.  Another, 
"  On  the  Variations  of  Concentration  of  Solutions  and  the  Crystallis- 
ation of  Dissolved  Substances  under  the  Influence  of  Centrifugal  Force,"  f 
led  to  a  very  remarkable  result.  With  the  object  of  determining  whether 
gravitation  was  comijetent  to  effect  any  separation  of  a  solid  from  the 
liquid  in  which  it  was  dissolved,  Gay-I-ussac  had  long  ago  placed  in  the 
cellars  of  the  Observatory  at  Paris,  where  the  temperature  is  practically 
constant,  a  tube,  two  metres  long,  containing  a  solution  of  salt,  and 
after  a  time  determined  the  concentration  of  the  top  and  bottom  layers 
of  solution.  The  result  was  negative,  as  the  force  of  gravity  was 
insufficient  to  bring  about  any  change  which  could  be  experimentally 
recognised.  Quite  recently  (1895),  lirodig,  J  making  use  of  centrifugal 
force,  succeeded  in  partially  sopaiating  two  gases,  hy«lrogen  and  hydro- 
gen i(xlide,  which  have  very  different  molecular  weights.  Bredig  made 
use  of  a  sealed  gliss  tube,  having  a  tap  in  the  middle,  each  arm  being 
21  cm.  long  and  IiIIlmI  witli  the  mixture.     Having  whirled  the  tube 

•  K.  Akademie  Wrknachajipm  I,'  Am9t<rdmn,  Ailgll«t  1903. 
t  lU'r..  Trav.  eliim.,  1904,  28,  '218. 
J  Zeit.  jihynkal.  C'hcin.,  17,  l&y. 
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about  2400  turns  a  minute  for  H  to  3  hours,  the  apparatus  was  stopped 
and  the  tap  closed.  On  analysing  the  contents  of  the  two  arms  of  the 
tube  a  difference  of  about  3  per  cent,  was  observed.  De  Bruyn,  in 
concert  with  R.  P.  vun  Calcar,  submitted  holutions  of  various  salts  and 
of  sugar  in  water  to  centrifugal  action  in  an  appamtus  devii»ed  soas  to 
permit  of  the  removal  of  small  quantities  of  liquid  at  different  distances 
from  the  centre  during  the  process  of  centrif ugation.  When  a  satui-ated 
solution  of  Glauber's  salt  was  employed,  so  greiit  was  the  eoncentnttion 
towards  the  periphery  of  the  whirling  tlrum  that  about  ^ths  of  the  dis- 
solved salt  separated  in  the  solid  crystalline  state,  having  a  liquid  in 
the  middle  which  cont-ained  only  6bi  per  cent,  of  anhydrous  sotlium 
sulphate  ! 

No  mention  has  been  made  of  De  Bruyn's  work  in  connaotkm  with 
carbohydrates.  The  first  communication  jointly  with  Franchimont  on 
the  araino-derivatives  of  the  sugars  was  the  outcome  of  his  use  of  methyl 
alcohol  as  a  solvent.  The  further  study  of  these  compounds,  pui->ued 
with  van  Leent,  and  later  with  Alberda  van  Ekenstein,  director  of  the 
Government  sugar  laboi-atory,  resulte^l  from  his  discovery  of  the  trans- 
formations of  tlie  sugars  under  the  influence  of  alkalis,  and  were  con- 
tinued appro})riately  in  connection  with  his  duties  as  scientific  adviser 
to  the  Minister  of  Finance.  But  no  department  of  chemistry  escaped 
his  notice,  and  the  variety  and  extent  of  his  experimental  laboui-s  can 
only  be  estimated  after  inspecting  such  a  complete  list  of  hi.s  published 
memoirs  as  will  appear  in  the  completed  volumes  of  the  Royal  Society 
Catalogue. 

In  1884,  De  liruyn  married  Maria  Simon  Thomas,  daughter  of  H.  E. 
Simon  Thomas,  Professor  of  Obstetrics  and  Gyuiecology  in  Leiden.  He 
leaves  two  sons  and  two  daughtei-s.  Though  personally  known  to  but 
few  English  chemists,  his  gi-eiit  services  to  science  have  been  fully  recog- 
nised in  this  country,  and  his  recent  election  as  an  Honorary  Foreign 
Member  of  the  Chemical  Society  may  l>e  i-egarded  as  an  expi-ession  of 
the  appreciation  of  his  English  colleagues.  As  to  his  personal  qualities, 
we  may  well  believe  the  statement  of  his  friends,  Professor  Cohen  and  Dr. 
lilauksma,*  that  his  only  fault  was  his  too  great  modesty.  In  the  words 
of  one  who  knew  him  l)est,  "he  was  like  all  really  good  men,  a  very  kind 
father  and  husband,  of  that  calm  Dutch  temperament  which  is  never  out 
of  tune."  Peace  be  to  his  ashes !  Though  the  march  of  science  must 
go  forward,  his  comrades  cannot  but  feel  that  the  world  has  lost  in 
Lobry  de  Bruyn  an  active  and  successful  leader  and  a  good  man. 

W.  A.  TiLDEN. 
•  Chemise?*  Weekblad,  1,  985. 
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EDWARD   FRANKLAND. 

Born  January  18th,  1825 ;  Died  August  9th,  1899. 

In  his  autobiography,  which  has  recently  been  printed  for  private  circu- 
lation, Frankland  tells  us  that  he  had  been  to  seven  schools  by  the  time 
he  reached  the  age  of  seven  years.  In  the  eighth  school,  near  Lancaster, 
he  remained  until  he  was  twelve,  and  it  was  here  that  he  began  to  take 
an  interest  in  science  and  consult  books  at  the  Mechanics'  Institute;  hero 
he  made  a  voltaic  pile  and  decomposed  water  and  joined  with  his  school- 
fellows in  the  making  of  fireworks  and  other  experiments.  From  the  age 
of  twelve  to  fifteen  he  attended  the  Lancaster  Free  Grammar  School. 
As  he  wished  to  enter  the  medical  profession,  his  stepfather,  acting  on 
advice  given  by  others,  apprenticed  him  to  a  druggist  for  six  years,  in 
the  belief  that  this  would  lead  to  the  desired  end.  For  the  first  two 
years  of  this  apprenticeship  he  was  the  junior  and  had  to  do  laborious 
and  dirty  work  without  holidays  ;  in  the  third  and  fourth  years  he  had 
one  week's  holiday  in  each  year,  and  the  fifth  and  sixth  years  were  less 
trying.  During  his  apprenticeship,  Dr.  James  Johnson  invited  Frank- 
land  and  some  other  druggists'  apprentices  to  make  use  of  a  laboratory 
and  small  lecture-room  which  he  had  fitted  up  in  a  cottage,  where  they 
performed  many  chemical  experiments  and  made  rough  analyses  of 
waters. 

In  his  twenty-first  year,  Fi'ankland  left  Lancaster  and  went  to 
London,  where  he  was  introduced  to  Dr.  Lyon  Playfair  and  commenced 
working  in  his  laboratory  in  October  1845,  under  the  direction  of  the 
as.sistant,  Mr.  Ransome.  At  the  end  of  six  months,  P.ayfair  ap- 
pointed him  lecture-assistant  in  the  Civil  Engineering  College,  Putney. 

Kolbe  was  then  assistant  in  Playfair's  laboratory,  and  he  and 
Frankland  undertook  an  investigation  suggested  by  the  theory  of 
Berzolius  that  acetic  acid  is  a  conjugate  compound  of  methyl  and  oxalic 
acid,  and  on  April  19,  1847,  they  read  a  paper  at  the  Chemical  Society 
"  On  the  Chemical  Constitution  of  Motacotonic  (Propionic)  Acid,  and 
some  other  Bodies  related  to  it,"  which  was  published  in  Chem.  Soc. 
Mem.,  1845—1848,3,  38G— 391.  Tiiey  suspectod  that  the  nitriles,  some 
of  which  iiad  been  prepared  by  other  chemists,  were  in  reality  cyanide.'*, 
and  they  prepared  pure  ethyl  cyanide  and  acted  on  it  with  boiling 
Holution  of  caustic  potash,  and  obtained  potassium  propionatit  with 
evolution  of  ammonia. 

In  May  1847,  Frankland  wont  with  Kolbe  to  Marburg  and  worked 
for  three  months  in  Bun.sen's  laboratory.  ITero  tlu^y  c()mi)letod  the 
work  on  the  prejMiration  of  organic  acids  from  the  alkyl  cyanides  and 
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published  a  complete  account  of  their  reseai-ches  in  the  Annalen,  1848, 
65,  288 — 304,  under  the  title  "  Ueber  die  chemische  Constitution 
der  Saureu  der  Keihe  (C2H2)„0^  und  der  unter  dem  Naiuen  *  nitiile ' 
bekannten  Verbindungen."  In  this  paper  (April  15,  1848)  they 
describe  the  use  of  the  inverted  condenser  for  digeAtion8.  They  also 
attempted  to  isolate  ethyl  by  the  action  of  potamum  on  ethyl  cyanide, 
when  they  obtained  a  gas  having  the  composition  of  methyl ;  this  gas, 
when  actetl  on  by  chlorine,  gave  a  compound  which  they  supposed 
to  be  an  isomeride  of  ethyl  chloride.  In  the  residue  left  after  the 
evolution  of  the  gas,  they  found  the  new  base,  cyanethiue,  of  which 
they  prepared  the  nitrate  and  platinichloride. 

In  the  combustion  of  these  compounds  with  oxide  of  copper,  they 
employed  a  stream  of  oxygen  evolved  from  potassium  perchlorato 
placed  in  the  posterior  end  of  the  combustion  tube  (Quart.  Journ. 
Chem.  Soc.,  1849,  1,  60—74.     Read  February  7,  1848). 

In  August  1847,  Frankland  went  to  Queen  wood  College  to  teach 
chemistry,  geology,  and  botany.  •  It  was  here  that  his  experiments  on 
the  isolation  of  the  alcohol  radicles*  were  commenced  on  April  10,  1848, 
in  the  attempt  to  remove  the  oxygen  from  ether  by  the  action  of 
potassium,  but  which  yielded  only  hydrogen  from  the  presence  of 
water  or  of  alcohol.  On  April  18,  he  prepared  ethyl  iodide  for  further 
experiments,  this  compound  not  having  been  hitherto  used  in  chemical 
research.  (3n  April  21,  he  trieil  the  action  of  potassium  on  ethyl 
iodide ;  no  change  took  place  in  the  cold,  but  when  the  iodide  was 
heated  near  its  boiling  point,  gas  was  evolved  ;  this  experiment  was 
lost  in  consequence  of  the  entry  of  water  into  the  tube.  On  April  2G, 
potassium  and  ethyl  iodide  wei-e  heated  together  in  a  sealed  tube  in  an 
oil-bath  ;  on  opening  the  tube,  a  gas  escaped  which  was  found  to  be  a 
mixture  of  methyl  and  hydrogen.  Frankland  appears  to  have  been 
one  of  the  first  chemists  to  use  sealed  tubes  in  chemical  i-esearch,  and 
he  tells  us  that,  when  he  was  working  in  Liebig's  laboratory  in  1849, 
Hofmann  paid  him  a  visit  to  learn  the  way  of  making  these  tubes  and 
took  a  number  of  them  back  to  London  with  him.  On  May  18,  during 
the  analysis  of  another  quantity  of  the  gas,  the  eudiometer  exploded. 
In  August,  in  attempting  to  prepai-e  the  radicle  formyl  by  the  action  of 
potassium  on  chloroform,  sevei-al  serious  explosions  occurretl,  but  ap- 
parently no  important  result  was  obtained. 

He  then  returned  to  the  isolation  of  ethyl,  and  on  July  28,  1848,  he 
sealed  up  a  mixture  of  ethyl  iodide  and  zinc  in  a  glass  tube  and  heated 
the  tube  to  300°  F. ;  no  action  appeared  to  occur,  but  at  400^^  the  zinc 
began  to  be  slowly  converted  into  iodide  and  the  liquid  ceased  to  boil. 

In  October  1848,  Frankland,  accompanied  by  Tyndall,  went  to 
Marburg  and  worked  in  Bunsen's  laboi-atory.  Here  he  isolated 
*  It  should  be  uoted  that  Frauklaud  always  sj)elt  this  word  "  radical," 
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chromium  by  electrolysis,  but  he  does  not  appear  to  have  published 
any  account  of  its  properties,  which  differed  somewhat  from  those  of 
the  metal  obtained  by  other  processes.  On  February  18,  1849,  he 
opened  the  tube  in  which,  on  July  28,  1848,  he  had  heated  the  mixture 
of  zinc  g,nd  ethyl  iodide.  The  tube  was  opened  under  water  and  some 
of  the  contents  came  in  contact  with  the  water,  producing  a  violent 
effervescence.  The  gas  was  found  to  consist  of  ethyl  mixed  with 
methyl  and  ethylene.  On  March  2,  he  placed  ethyl  iodide  and  zinc  in 
a  tube  from  which  the  air  was  removed  before  sealing  ;  after  heating,  the 
evolved  gas  was  found  to  be  a  mixture  of  ethyl,  methyl,  and  ethylene. 
When  the  sealed  tubes  were  opened,  a  large  quantity  of  gas  rushed 
out,  leaving  a  small  quantity  of  volatile  liquid  in  the  tube ;  the  vapour 
of  this  liquid  was  shown  to  be  pure  ethyl.  The  homogeneity  and 
density  of  the  gas  were  determined  by  observation  of  its  rate  of 
diffusion,  this  being  the  first  application  of  this  method.  He  en- 
deavoured to  combine  ethyl  with  chlorine,  bromine,  and  other  substances, 
but  without  success.  He  also  studied  the  action  of  zinc  on  ethyl 
iodide  in  the  presence  of  water,  and  found  that  ethyl  hydride  was 
evolved.  The  results  of  this  investigation  were  sent  to  the  Chemical 
Society  on  June  17,  1849,  and  published  in  the  Quart.  Journ.  Chem. 
Soc,  1850,  2,  263—296,  under  the  title  "  On  the  Isolation  of  the 
Organic  Radicles."  On  March  15  and  16,  1849,  the  action  of  ethyl 
iodide  on  other  metals  was  tried,  and  tin  was  found  to  be  acted  on  witli 
considerable  ease.  The  results  of  all  these  experiments  were  included 
in  the  thesis  for  the  Ph.D.  degree,  which  was  granted  on  June  30, 
1849,  Frankland  being  the  first  Englishman  to  graduate  at  Marburg. 

Experiments  were  next  made  with  zinc  and  methyl  iodide,  when 
zinc  methyl  was  discovered  with  all  its  surprising  properties.  This 
compound  and  zinc  ethyl  were  described  in  a  paper  on  a  new  series  of 
organic  bodies  containing  metals  and  phosphorus  (Quart.  Journ. 
Chem,  Soc.,  1850,  2,  297—299),  and  read  on  November  5,  1849. 

In  the  autumn  of  1849,  Frankland  went  to  Giosson  and  worked 
with  Liebig  until  Christinas  ;  liere  he  experimented  on  the  action  of 
ainyl  iodide  on  zinc  and  obtained,  in  addition  to  amyl  and  zinc  amyl, 
the  compounils  amyl  hydride  and  amylone,  which  were  previously 
unknown.  This  research  was  described  at  the  Chemical  Society  on 
February  18,  1850,  and  puljlislHtd  under  tlie  titles  "  Ilesearches  on  the 
Organic  Hadicles ;  Part  II,  Amyl"  (Quart.  Journ.  Chem,  Soc,  1851, 
3,  30 — 52).  A  sectiou  at  the  end  of  this  paper  refers  to  the  constitu- 
tion of  alcohols,  ethers,  and  the  ammonia  buses. 

At  Christmas,  he  went  to  Berlin  with  tlie  intention  of  working  in 
Bose'f  laboratory,  but  before  the  laboratory  was  opened  ho  was 
offered  the  Professorsliip  of  Chemistry  at  Putney  College  in  succession 
to  Playfair  and  entered  on  his  duties  in  the  beginning  of  the  year 
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1850.  After  organising  the  laboratory  he  tried  the  Jiction  of  sunlight 
oti  ethyl  iodide  and  found  that,  in  the  presence  of  mercury,  mixtures 
of  ethyl,  ethyl  hydride,  and  ethylene  were  formed.  The  paper  on  the 
action  of  solar  light  on  ethyl  iodide  was  read  on  November  4,  1850 
(Quart.  Journ,  Chem.  Soc,  1851,  3,  322 — 347).  The  paper  concludes 
with  a  discussion  of  the  isomerisnx  of  methyl  and  ethyl  hydrides  and 
a  reply  to  some  criticisms  by  Hofmann.  While  at  Putney  the  experi- 
ments on  the  action  of  light  on  ethyl  iodide  in  the  presence  of  various 
metals  were  commenced  and  particular  attention  was  paid  to  the  effect 
produced  by  tin. 

In  January  1851,  Frankland  was  appointed  Professor  of  Chemistry 
at  Owens  College,  ^lanchester,  on  its  foundation,  and  immediately  after- 
wards was  married  to  Sophie  Fick.  The  College  was  opened  early 
in  March,  and  a  temporary  laboratory  was  fitted  up  in  a  vacant  house 
while  the  {)eruianent  laboratory  and  lecture-room  were  being  built. 
These  were  complutetl  and  occupied  in  October  1851,  and  wei-e,  atthat 
time,  the  most  conveniently  arrangeil  in  the  country.  The  research  on 
the  action  of  metals  on  ethyl  iodide  in  the  presence  of  light  was  com- 
pleted and  the  results  brought  before  the  Royal  Society  under  the 
title  '*  On  a  New  Series  of  Organic  Bodies  containing  Metals  "  on 
May  10,  1852  {Phil.  Trans.,  1852,  142,  417—444).  In  this  paper 
are  described  the  organo-tin  compounds  obtained  from  the  stannethyl 
iodide,  SnEL^I^,  the  product  of  the  action  of  light  on  tin  and  ethyl 
iodide.  This  was  believed  to  be  a  conjugate  compound  of  tin 
and  ethyl  iodide,  and  as  in  these  c*ompounds  the  metal  was  supposed 
to  retain  its  combining  power  unaltered,  it  was  expected  that  the 
stannethyl  iodide  would  combine  with  au  additional  quantity  of  a 
negative  element.  Cacodyl  was  at  that  time  considered  to  be  a  con- 
jugate compound,  and,  as  it  was  capable  of  combining  with  chlorine 
and  oxygen,  the  same  property  was  looked  for  in  the  case  of  the  tin 
compound  and  also  of  ziiic  methyl.  The  failure  to  effect  these  com- 
binations threw  new  light  on  the  combining  powers  of  the  elements, 
and  this  research  was  the  starting  point  of  the  theory  of  atomicity 
or  valency,  which  has  had  such  an  important  influence  on  the  progress 
of  modern  chemistry.  The  lirst  of  the  organic  compounds  containing 
mercui-y,  mercuric  methiodide,  was  also  described  in  this  paper. 

At  Manchester,  Frankland's  attention  was  naturally  drawn  to 
technical  chemistry,  and  he  delivered  a  course  of  lectures  on  this  sub- 
ject at  Owens  College  extending  over  two  years.  He  also  gave 
courses  of  lectures  on  Technological  Chemistry  at  the  Royal  Institu- 
tion in  1853  and  1857.  In  the  Memoirs  of  the  Manchester  Literary 
and  Philosophical  iSociet I/,  2nd  iietiei>,  10,  71—119  (January  13,  1852), 
he  published  a  long  paper,  '"  Contributions  to  the  Knowledge  of  the 
Manufacture  of  Gas,"  containing  an  investigation  of   White's  hydro- 
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carbon  process,  which  consisted  in  injecting  water-gas  into  the  retorts 
in  which  coal  was  being  distilled. 

During  the  investigations  on  the  isolation  of  the  organic  radicles  and 
the  organo-metallic  bodies,  frequent  analyses  of  gases  were  necessary, 
and  this  led  to  the  publication  in  June  1853,  in  conjunction  with  Mr, 
W.  J.  Ward,  of  the  paper  on  an  improved  apparatus  for  the  analysis 
of  gases  (Quart.  Journ.  Chem.  Soc,  1854,  6, 197 — 205).  This  apparatus, 
which  was  an  improvement  on  that  of  Regnault  and  Reiset,  is  the 
parent  of  many  other  forms  of  gas  analysis  apparatus  which  have 
since  been  devised. 

The  study  of  the  manufacture  of  coal  gas  and  its  illuminating 
power  gave  rise  to  the  invention  of  an  improved  gas  burner,  described 
in  Ure's  Dictionary,  7th  edition,  vol.  2,  p.  562.  In  this  burner,  the  air 
supplied  to  the  flame  passes  between  the  chimney  and  the  surrounding 
globe  before  passing  to  the  flame.  In  this  manner  both  air  and  gas 
are  heated  before  coming  in  contact,  and  the  amount  of  light  produced 
is  increased  67  per  cent.  This  burner  was  the  precursor  of  those  of 
Siemens,  Grimston  and  Bower,  and  Wenham.  A  similar  burner 
appears  to  have  been  devised  as  early  as  1840,  for  Sir  John  Robison, 
in  the  Edinburgh  Philosophical  Journal,  28,  p.  299,  states  that  such  a 
burner  was  "  proposed  in  Paris  and  miach  praised  in  London,"  but  he 
says  that  it  offers  no  advantage  over  a  proper  regulation  of  gas  in  an 
argand  burner. 

During  the  time  that  Frankland  was  at  Manchester  he  published 
three  more  papers  containing  results  of  the  researches  on  organo- 
metallic  bodies.  The  first  was  on  zinc  ethyl,  read  February  9,  1855 
{Phil.  Trans.,  1855,  145,  259 — 275)  ;  it  contains  a  description  of  the 
iron  digester  in  which  sealed  tubes  were  heated  in  water,  so  that  the 
external  pres.sure  of  the  steam  supported  the  walls  of  the  tubes  against 
the  internal  pressure  of  the  contents ;  the  copper  digester  for  the 
preparation  of  zinc  ethyl  on  a  large  scale  is  also  described.  The 
pajjcr  contains  an  account  of  the  preparation  and  properties  of  zinc 
ethyl,  and  of  the  precautions  necessary  in  manipulating  tliis  compound. 
'J'ho  second  research  was  "  On  a  New  Series  of  Organic  Acids  containing 
Nitrogen"  {I'hii  Trans.,  1857, 147,  59—78  ;  June  19,  1856).  This  deals 
with  tlio  action  of  nitric  oxide  on  zinc  ethyl  and  the  products  obtained 
from  this  reaction.  And  th(;  third  pa))or  was  on  a  now  series  of  com- 
pounds derived  from  ammonia  and  its  analogues,  and  published  in  tlie 
Proc.  Hoy.  Soc.,  1866—1857,  8,  502—506  (received  June  18,  1857). 
Tliis  coiniiiunlcation  coritainH  an  account  of  tlio  acdinii  of  /in(!  ethyl 
on  ammonia,  aniline,  diuthylamim^,  oxamide,  and  acetaiuide,  n'siilliiig 
in  the  rephicument  of  hydrogen  in  these  compounds  by  /inc. 

On  .filly  "JO,  iHf)?,  I''raiikland  was  a])pointo<l  (jcctuKM- on   Clu'iiiistry 
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at  8t.  Bartholomew's  Hospital,  and  entered  on  hisi  duties  on  October  1, 
in  succesbiou  to  Dr.  Stenliouse,  who  had  resigned  in  consequence  of  ill 
health.  In  1859,  he  became  Lecturer  on  Chemistry  and  Physics  at 
Addiscombe,  and  on  May  4,  1863,  he  succeeded  Faraday  as  Fullerian 
Professor  of  Chemistry  at  the  Royal  Institution.  He  held  these 
three  appointments  simultaneously  during  more  than  a  year,  for 
he  retired  from  St.  Bartholomew's  on  July  12,  1864,  and  shortly 
afterwards  the  Military  College  was  abolished. 

The  work  at  St.  Bartholomew's  left  more  time  for  research  than 
was  available  at  Owens  College,  and  the  investigations  of  the  organo- 
metallic  bodies  progressed,  a  note  on  sodium  ethyl  and  jjotassium 
ethyl  being  published  in  1858,  and  the  Bakerian  lectui-e  entitled 
"  Uesearches  on  Organo-metallic  Bodies "  being  delivered  at  the 
lloyal  Society  in  1851).  Sodium  and  jiottssium  ethyl  were  discovered 
by  Mr.  Wauklyn,  and  in  tl»e  note  above  mentioneii  {Proc.  Hoy.  Sue., 
1857 — 1859,  9,  .*U5 — 347)  Frankland  explains  his  failui-o  to  obtitiu 
these  comjKJunds  by  the  action  of  sodium  and  (lotassium  on  ethyl 
iodide  in  his  earlier  exfieriments.  Although  action  takes  place 
between  these  substances,  the  products  are  merely  metallic  ioilides 
and  a  mixture  of  ethylene  and  ethyl  iodide.  This  was  found  to  l>e  due 
to  the  fact  that  sodium  ethyl  and  ethyl  iodide  mutually  decompose  one 
another  at  the  lommon  temperature  with  formation  of  sodium  iodide 
and  a  mixture  of  ethyl  hydride  and  ethylene. 

The  Bakeiian  lecture  {Phil  Trans.,  1800,  149,  401)  deals  with 
further  investigations  on  the  tin,  mercury,  and  zinc  compounds.  Pure 
stannic  ethyl,  SnEt^,  was  obtained  by  the  action  of  zinc  ethyl  on  stann- 
ithyl  iodide,  SnEt.^I.,,  and  it  was  found  to  beincajuble  of  further  com- 
bination, showing  that  in  this  compound  the  combining  jx)wers  of  the 
tin  are  quite  satisfied.  Iodine,  however,  acts  on  it,  replacing  some  of 
the  ethyl  by  iodine.  By  the  action  of  hydrochloric  acid,  stannic  triethyl 
chloride,  SuEtyCl,  is  formed  with  evolution  of  ethyl  hydride.  Stannic 
diethodi-iodide,  by  the  action  of  zinc  methyl,  gave  stannic  dietho- 
dimethide,  which,  under  the  influence  of  iodine,  gave  distannic  tetr- 
ethodi-iodide,Sn.,Et^I.„  w ith  sejwratiou  of  methyl  iodide.  Attempts  were 
made  to  produce  mercuric  ethomethide  by  the  action  of  zinc  ethyl  on 
mercuric  methiodide,  HgMel,  but  without  success,  the  products  being 
mercuric  ethide,  zinc  methyl,  and  zinc  iodide.  Mercuric  metho- 
chloride,  when  acted  on  by  zinc  ethyl,  gave  a  product  the  composition 
of  which  approached  that  of  mercuric  ethomethide,  but  by  distillation 
it  a}>peare<l  to  separate  into  mercuric  ethide  and  mercuric  methide. 
Attempts  to  produce  zinc  ethomethide  were  also  unsuccessful.  The 
piepnration  ot  pure  zinc  methyl  on  a  large  scale  by  the  action  of 
an  ethereal  solution  of  methyl  iodide  in  the  copper  digester  resulted  in 
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the  formation  of  a  molecular  compound  of  zinc  methyl  with  ether,  and 
when  methyl  ether  was  substituted  for  etliyl  ether  an  analogous  com- 
pound was  produced. 

While  Frankland  was  at  St.  Bartholomew's,  he  became  acquainted 
with  Baldwin  Francis  Duppa,  who  had  been  a  student  of  Hofmann's, 
and  went  to  St.  Bartholomew's  to  learn  gas  analysis.  They  soon 
became  associated  in  original  research,  and  the  first  paper  they  pub- 
lished appears  to  be  a  short  one  on  boric  ethide  [Proc.  Roy.  Soc,  1860, 
10,  568—570),  presented  to  the  Koyal  Society  on  July  7,  1860.  The 
compound  was  prepared  by  the  action  of  zinc  ethyl  on  ethyl  borate  ; 
this  paper  was  merely  a  preliminary  communication,  the  detailed 
description  of  these  researches  being  published  in  1862.  On  June  7, 
1860,  Frankland  gave  a  lecture  to  the  Chemical  Society  on  organo- 
metallic  bodies.  It  is  published  in  the  Journal,  1861,  13,  177 — 235, 
and  describes  the  work  done  up  to  that  period. 

About  this  time  he  undertook  some  experiments  in  physical 
chemistry.  A  short  note  dated  November  7,  1861,  was  published  in 
the  J'hil.  Mag.,  1861,  22,  472 — 473,  on  the  blue  band  in  the  lithium 
spectrum,  which  had  not  been  observed  by  Bunsen  and  KirchhofF, 
and  which  he  showed  was  due  to  increase  of  temperature. 

On  the  20th  and  21st  of  August  1859,  Frankland  and  Tyndall 
ascended  Mont  Blanc  for  the  purpose  of  making  scientific  experiments. 
They  made  preparations  for  remaining  a  week  upon  the  mountain, 
and  started  with  a  large  party  of  26  porters,  to  carry  provisions  and 
instruments, and  3  guides.  On  the  night  of  the  20bh  they  slept  at  the 
Grands  Mulets,  and  on  the  21st  they  slept  in  a  tent  about  12  feet 
below  the  summit  of  the  ridge.  Most  of  the  porters  having  returned 
to  Chamounix,  the  party,  consisting  of  1 1  persons,  was  the  first  to  pass 
the  night  on  the  summit  of  Mont  Blanc.  On  the  following  morning, 
Tyndall  ei*ected  a  post  to  which  maximum  and  minimum  thermometers 
were  fixed,  and  also  made  some  observations  on  solar  radiation,  while 
Frankland  collected  some  air  for  analysis  and  also  detcjininod  the  rate 
of  combustion  of  six  stearin  candles.  He  found  that  the  loss  of  weight 
of  each  candle  was  9 '2  grams  per  hour,  while  at  Chamounix  he  had 
found  that  94  grams  per  hour  were  consumed,  showing  that  the  rate 
of  combustion  at  the  two  different  levels  was  practically  the  same. 
The  party  returned  to  Chamounix  on  the  same  day.  The  analysis  of 
the  air  from  Mont  JJlanc  was  descrribod  in  a  pa])er  read  to  the  Chemical 
So<;iety  on  February  2,  IKOO,  and  published  in  the  Journal,  1800,  13, 
22— ;j(). 

The  ox{)orimontH  on  l\w  rate  of  combustion  of  candles  on  tiie  summit 
of  Mont  Hlatic  led  to  a  long  oxperinientiil  investigation  on  the 
infliimice  c)f  atmoHplieric  prossuro  u[)<)n  some  of  tlm  plu'nomena  of 
CuuibuHtion,  an  account  of  which  was  read  before  the  Koyal  Society  on 
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June  20, 1861,  and  is  printed  in  the  Phil.  Trans.,  1862,  161,  629—653. 
It  was  not  found  practicjible  to  determine  experimentally  the  quantity 
of  candle  burnt  in  air  ut  different  pressures,  for  the  observatioiis  were 
seriously  interfered  with  by  the  heating  of  the  enclosing  apparatus; 
in  the  only  experiment  recorded,  the  ipinntity  of  stearin  consumed  in 
air  at  a  pressure  of  9  inches  was  more  than  15  per  cent,  greater  than 
that  burnt  at  the  ordinai-y  pressuie.  It  had  been  observed  by  Quarter- 
master Mitchell  that  time-fuses  used  at  high  altitudes  burnt  for  a 
longer  time  than  those  used  at  sea  level ;  experiments  were  tried  by 
connecting  a  time-fuse  to  an  iron  tube  in  which  the  atmospheric  pres- 
sure could  be  reduced,  and  the  results  fully  conhrmed  those  obtained 
by  Mitchell,  the  rapid  removal  of  the  ga«es  produced  by  the  combus- 
tion of  the  gunpowder  appiirently  cooling  the  next  layer  of  the 
combustible  and  thus  retarding  the  action.  It  was  found  that  ihe 
rate  of  combustion  of  the  fuse  was  reduced  one-thirtieth  for  each 
diminution  of  one  inch  of  the  barometric  pressure. 

Experiments  were  tried  on  the  amount  of  light  produced  by  the 
combustion  of  candles  in  air  of  rotluced  pressure,  but  the  results  were 
not  siitisfactory  owing  to  the  irregularity  of  the  combustion.  An 
apparatus  wa.s  constructed  by  means  of  which  the  light  of  a  gas  flame 
burning  0'65  cubic  feet  an  hour  could  be  compared  with  a  similar 
flame  burning  the  sjime  quantity  of  gas  in  an  enclosed  space  through 
which  a  current  of  air  at  reduced  pi-essure  was  passing.  The  pressures 
varied  from  6*6  inches  to  the  ordinary  barometric  pressure,  and  it  was 
found  that  the  curve  representing  the  amount  of  light  produced  is 
practically  a  straight  line  between  30  inches  and  14  inches  pressure, 
there  being  a  diminution  of  approximately  51  per  cent,  of  the  lumino- 
sity at  30  inches  for  each  reduction  of  1  inch  of  pressure.  Below 
14  inches  pressure,  the  diminution  of  light  proceeds  at  a  less  rapid 
rate.  Experiments  were  also  made  on  the  increase  of  luminosity  on 
increivsing  the  pressure.  Difficulties  were  encountered  at  this  stage, 
for  all  ordinary  combustibles  give  smoky  flames  on  a  comparatively 
slight  increivse  of  pressure.  A  lamp  containing  amyl  alcohol  was  used 
from  the  ordinary  pressure  to  about  2  atmospheres ;  at  a  slightly  higher 
pressure,  the  flame  began  to  smoke.  The  increase  of  light  obeyed 
approximately  the  same  law  as  was  found  to  represent  the  cliange  of 
luminosity  under  reduced  pressure.  A  lamp  supplied  with  a  mixture 
of  five  paits  of  common  alcohol  with  one  of  amyl  alcohol  could  be  used 
up  to  a  pressure  of  4  atmospheres,  but  the  luminosity  increased  much 
more  quickly  than  ciilculated  by  the  law. 

On  May  22,  1862,  Fraukland  i-ead  a  paper  before  the  Royal  Society  on 
"  A  New  Series  of  Organic  Compounds  containing  Boron  "  {Phil.  Trans., 
1863, 152, 167 — 183).  In  this  paper  he  recapitulates  the  work  pre-Wously 
published  ixx  conjunction  with  Duppa  and  describes  the  preparation  of 
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boric  ethide,  BEtg,  the  action  of  hydrochloric  acid  on  it  with  formation 
of  boric  diethochloride,  BEt^jCl,  and  the  compound  with  ammonia, 
NHgjBEtg.  Boric  ethide  by  action  of  oxygen  gives  boric  et hod iethy late, 
BEt(EtO)2,  which  is  decomposed  by  water  into  alcohol  and  boric  etho- 
dihydrate,  BEt(HO)o.  He  pi-oves  that  the  action  of  zinc  ethyl  on 
boric  ether  is  not  the  simple  removal  of  oxygen,  as  suggested  by 
Kekule,  but  is  the  replacement  of  the  ethoxyl  by  ethyl,  for,  when 
boric  ether  is  acted  on  by  zinc  methyl,  the  gaseous  boric  methide, 
BMog,  is  formed,  the  ethoxyl  of  the  ether  being  replaced  by  methyl. 
Boric  methide,  like  the  ethide,  forms  a  volatile  compound  with  am- 
monia, and  combines  also  with  the  hydrates  of  the  alkali  and  alkaline 
earth  metals. 

On  May  20,  1862,  there  appeared  in  the  Journal  of  Gas  Lighting  a 
paper  by  Frankland  "  On  the  Igniting  Point  of  Coal  Gas,"  which  was 
reprinted  in  the  Journ.  Chem.  Soc,  1863,  1,  398 — 403.  He  determined 
the  inflaming  point  of  the  principal  constituents  of  coal  gas,  and 
found  that  the  vapour  of  carbon  disulphide  inflames  at  about  150°, 
hydrogen  at  the  temperature  of  an  iron  rod  heated  to  redness  in  day- 
light, carbonic  oxide  at  a  higher  temperature,  marsh  gas  and  olefiant 
gas  at  still  higher  temperatures.  A  mixture  of  carbonic  oxide  with 
3  per  cent,  of  carbon  disulpliide  vapour  inflamed  at  about  175°,  and  a 
mixture  of  hydrogen  and  3  per  cent,  of  carbon  disulphide  vapour  at 
215°.  The  inflaming  point  of  olefiant  gas  was  not  lowered  by  admixture 
of  carbon  disulphide,  and  the  presence  of  a  small  quantity  of  olefiant 
gas  very  much  raised  the  inflaming  points  of  mixtures  of  carbonic 
oxide  with  carbon  disulphide  vapour  and  of  hydrogen  with  the  same 
vapour.  Marsh  gas  was  not  inflamed  by  sparks  from  flint  and  steel, 
although  such  sparks  easily  inflame  hydrogen  and  coal  gas.  He 
points  out  that  Davy  lamps  must  be  used  very  cautiously  in  mixtures 
of  air  and  coal  gas. 

About  this  time,  Frankland's  attention  was  occupied  by  the  synthesis 
of  oi-ganic  compounds  by  the  use  of  zinc  ethyl,  and  on  January  15, 
1863,  a  paper  was  read  before  the  Koyal  Society  on  the  synthesis  of 
leucic  acid  {Proc.  Roy.  Soc,  1862—1863,  12,  396—398).  When  zinc 
ethyl  and  ethyl  oxalate  are  mixed,  an  energetic  action  takes  place ;  if 
the  product  is  mixed  with  water  and  distilled,  a  liquid  passes  over  of  the 
same  composition  as  that  of  the  ethyl  salt  of  loucic  acid,  an  acid  obtained 
by  Strecker  l»y  tlio  action  of  nitrous  acid  on  leucin.  Tlie  ethereal  salt  is 
tlio  result  of  replacing  one  atom  of  oxygen  in  ethyl  oxalate  by  two  scmi- 
molucules  of  I'thyl,  and  w.is  called  tttliyl  diothoxalato.  In  conjunction 
with  Duppa,  Frankland  afterwards  found  that  loucic  acid  is  isomeric, 
but  not  identical,  with  diothoxalicacid.  This  was  the  first  member  of  the 
lactic^  BorioH  which  was  obtained  artificially,  and  its  discovery  led  to  a 
HurieM  of  invoMtigatious  by  Fruukland  and  Duppa  on  the  acids  of  the 
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lactic  and  acrylic  series.  In  a  series  of  notes  presented  to  the  Royal 
Society,  the  authors  recorded  the  progress  of  their  work.  These  papei-s 
were  entitled  "  Notes  of  Researches  on  the  Acids  of  the  Lactic  Series." 
No.  1  is  "On  the  Action  of  Zinc  upon  a  Mixture  of  Iodide  and  Oxalate 
of  Methyl  "  {Proc.  Roy.  Soc,  1864,  13,  140—142).  No.  2,  "  Action  of 
Zinc  upon  a  Mixture  of  Iodide  of  Ethyl  and  Oxalate  of  Methyl  " 
[1864]  {I'roc.  Roy.  Soe.,  1865,  14,  17—19).  No.  3,  "Action  of  Zinc 
Ethyl  on  Ethylic  Leucate"  {Proc.  Roy.  Soc  ,  1865,  14,  79—83).  No.  4, 
"  Action  of  Zinc  upon  Oxalic  Ether  and  the  Iodides  of  Methyl  and 
Ethyl  mixed  in  Atomic  Proportions"  (Proc.  Roy.  Soe.,  1865,  14, 
83 — 86).  No.  5,  "  Action  of  Zinc  upon  a  Mixture  of  Ethyl  Oxalate  and 
Amyl  Iodide"  (P/'oc.  Roy.  Soe.,  1865,  14,  191—198).  These  papers 
were  read  between  February  18,  1864,  and  April  27,  1865. 

On  June  15,  1865,  the  authors  read  a  paper  at  the  C'heaiieal  Society 
entitled  "  Transformation  of  the  Lactic  into  the  Acrylic  Series  of  Acids  " 
(Journ.  Chem.  See,  1865,  13,  133 — 156),  in  which  they  showed  that 
the  ethereal  salts  of  the  ticids  of  the  lactic  series,  which  they  liad  pro- 
duced by  synthesis,  were  transformed  by  the  action  of  phosphorous 
chloride  into  ethereal  salts  of  acids  of  the  acrylic  series,  and  that  the 
acids  of  the  acrylic  .series  obtained  from  these  esters  when  heateil  with 
caustic  potash  gave  two  acids  of  the  acetic  series.  From  the  results 
obtained,  the  constitution  of  the  acids  of  the  acrylic  or  oleic  series 
obtained  artiticially,  and  tliat  of  some  of  the  natui-al  oleic  acids,  was 
determined. 

The  joint  authors  read  a  paper  before  the  Royal  Society  on 
April  27,  1865,  "Notes  of  Synthetical  Researches  on  Ethers.  No.  1. 
Synthesis  of  Butyric  and  Caproic  Ethei-s  from  Acetic  Ether  "  {Proc.  Roy. 
Soe,  1865,  14,  198 — 204),  and  on  July  13  they  forwarded  another 
paper,  which  was  read  on  November  16,  1865,  "  Synthetical  Researches 
upon  Ethers.  1.  Synthesis  of  Ethers  from  Acetic  Ether"  {Proc.  Roy. 
Soe,  1865,  14,  458—464,  and  Phil.  Tnuis.,  1866,  156,  37—72). 
In  these  papers,  they  describe  the  results  of  the  consecutive  action  of 
sodium  and  ethyl  and  methyl  iodides  on  ethyl  acetate,  by  which  they 
obtained  butyric  and  caproic  ethers,  sodic  and  disodic  acetic  ethers,  the 
carboketonic  etheri?,  and  the  ketones  prepared  from  them.  This  paper 
concludes  with  theoretical  considerations  on  the  constitution  and  chemical 
relations  of  the  ethereal  salts  and  ketones  derived  fi-om  the  duplication 
of  the  molecule  of  ethyl  acetate,  and  on  the  constitution  or  the  fatty 
acids,  in  which  it  is  shown  that  the  fatty  acids  may  be  regarded  as 
containing  the  negative  group  CO(OH)  united  to  a  positive  radicle, 
either  hydrogen  or  methyl,  or  methyl  with  one  or  more  atoms  of  the 
hydrogen  replaced  by  other  positive  groups.  It  is  also  pointed  out  for 
the  first  time  how  numerous  are  the  isomeric  modifications  of  the  fatty 
acids  which  are  possible  by  varying  the  constitution  of  the  positive  radicle. 

K  K   2 
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In  August  1865,  Frankland  had  intended  accompanying  his 
brother-in-law,  Professor  Fick,  and  Professor  Wislicenus  in  their 
expedition  to  the  Fanlhorn,  where  they  intended  to  institute  some 
experiments  on  the  origin  of  muscular  power.  The  weather  was 
unpropitious  and  Frankland  had  to  leave  Geneva,  where  he  was 
waiting  for  his  colleagues  ;  they,  however,  carried  out  the  experiments 
a  fortnight  later  in  his  absence.  The  method  adopted  was  to  climb 
the  mountain  after  having  abstained  for  about  18  hours  from  albumin- 
oid food,  and  by  the  determination  of  the  amount  of  urea  excreted  they 
hoped  to  obtain  evidence  that  the  work  performed  resulted  from  the 
oxidation  of  muscle.  It  was  found,  however,  that  the  measured  work 
far  exceeded  that  which  could  have  been  performed  by  the  oxidation 
of  the  muscle  and  that  the  energy  must  therefore  have  been  partly 
supplied  by  the  non-nitrogenous  food  that  they  had  consumed. 

Frankland  undertook  to  determine  the  amount  of  heat  produced  by 
the  combustion  of  various  food  materials  and  the  experiments  were 
carried  out  by  means  of  Lewis  Thompson's  calorimeter,  the  organic 
substances  being  burnt  under  Avater  by  means  of  a  mixture  of 
potassium  chlorate  and  potassium  nitrate.  From  the  quantity  of 
energy  produced  by  the  combustion  of  the  food,  it  was  shown  that  the 
source  of  the  muscular  power  was  not  the  muscle  that  was  wasted, 
but  the  carbon  and  hydrogen  of  the  food  that  was  oxidised  in  the 
body,  and  thus  served  as  fuel,  the  muscle  acting  merely  as  the 
machine  which  lendered  the  energy  available.  The  results  of  this 
researcli  were  published  in  a  paper  in  the  Philosophical  Magazine,  1866, 
32,  182 — 199.  Frankland  also  gave  a  lecture  on  the  subject  at  the 
Royal  Institution  on  Friday  evening,  June  8,  1866. 

Meanwhile  the  organo-meiallic  bodies  were  not  neglected,  for  on 
November  19,  1863,  Frankland  and  Duppa  read  a  paper  before  the 
Chemical  Society  "  On  a  New  Method  of  producing  the  Mercury 
Compounds  of  the  Alcohol  Radicles"  (Journ.  Chem.  Soc,  1863,  1, 
415 — 425),  in  which  they  showed  that  when  the  iodides  of  methyl, 
ethyl,  and  nmyl,  mixed  with  a  small  quantity  of  ethyl  acetate,  are 
brought  into  contact  with  sodium  amalgam  at  the  ordinary  temperature, 
the  corresponding  mercury  compounds  are  formed  ;  and  on  December  3, 
1863,  another  paper  was  read  at  the  Cliemical  Society  •'  On  a  New 
Reaction  for  the  Production  of  the  Zinc  C()inj)ouuds  of  the  Alcohol 
Radtoles"  (Journ.  Chom.  .Soc,  1864,  2,  29— 36),  describing  the  action 
of  zinc  on  mercuric  methido,  ethido,  and  amylide,  by  which  the  zinc 
methyl,  zinc  ethyl,  and  zinc  amy]  were  readily  obtained  in  a  state  of 
purity. 

On  February  14,  IK66,  the  author.s  Hont  to  the  Jvuyal  Society  a  paper 
OD  "  lioHoarches  on  AcidH  of  the  Lactic  Herios.  No.  1.  Syntlicsis  of  Acids 
of  the  Lactic  SeriuH,"  which  wuh  read  on  March  1,  1866  (/'roc.  lioy. 
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Soc.,  1867,  15,  25—28  ;  Phil.  Trans.,  1866, 156,  309—360).  This  paper 
includes  the  I'esults  of  the  five  notes  read  between  February  18,  1864, 
and  April  27,  1865,  entering  more  fully  into  the  subject  and  giving 
analyses  of  the  products.  In  the  theoretical  considenitions  which 
conclude  this  paper,  they  propose  the  name  of  oxatyl  for  the  comiwuud 
radicle  CO(OH),  it  being  the  radicle  of  which  oxalic  acid  is  the  iso- 
lated molecule.  They  show  that  this  radicle  exists  in  almost  all 
organic  acids  and  that  it  is  to  this  radicle  that  these  compounds  owe 
their  acidity,  hence  the  expression  "  An  organic  acid  containing 
n-semimolecules  of  oxatyl  is  n-basic."  Thus,  they  consider  lactic  acid 
to  be  a  monobasic  acid,  a  matter  which  had  been  previously  much 
contested.  They  divide  the  lactic  acids  into  eight  classes  and  explain 
the  reasons  for  this  classification.  In  a  note  they  advise  chemists  to 
use  Crum  Brown's  graphic  formulae,  a  recommendation  which  has  been 
almost  universally  followed,  and  by  means  of  such  formal w  they  ex- 
plain the  isomei'ism  in  the  lactic  series.  They  also  deal  with  the 
proximate  analysis  of  the  acids  of  the  lactic  series  by  which  they 
ascertain  the  presence  of  the  various  radicles  in  the  acids. 

In  September  1866,  Frankland  communicated  to  the  Chemical 
Society  "  Contributions  to  the  Notation  of  Organic  and  Inorganic 
Compounds"  (Journ.  Cliem.  Soc.,  1860,  4,  372—395).  The  study  of 
organic  compounds  and  the  elucidation  of  their  constitution  by  means 
of  graphic  formulae  led  him  to  devise  a  system  of  symbolic  notation 
which  would  repre.sent  the  same  ideas  as  were  conveyed  by  the  graphic 
formula'.  By  employing  symbols  to  represent  compound  radicles,  as 
Ho  for  (OH),  Ko  for  (OK),  Bao"  for  (0,Ba),  Me  for  (CH,),  kc,  and 
constructing  the  formula  of  a  compound  by  placing  the  symbol  of  the 
binding  or  grouping  element  (printed  in  thick  type)  before  the  .'symbols 
of  the  elements  and  compound  radicles  to  which  it  is  combined,  and 
by  using  a  bracket  to  show  that  the  elements  whose  symbols  are  next 
to  the  bi-acket  are  directly  combined,  it  is  possible  to  i"epresent  the 
constitution  of  compounds  whether  inorganic  or  organic. 

Thus,  ammonie  chloride  and  nitrate  are  represented  by  NH^Cl, 
NC^Amo.  Sulphuric  acid,  the  sulphates  of  potassium  and  barium  by 
SOoHo^.,  SO^Koj,  SO.Bao".     Ferric  sulphate  by  SaO^FeX'.     Alcohol 

,        .         .,,       I  CH,         I  CH,  T     X-  J  1       I  CMeHHo 

and  acetic  acid  by    j  ^^jj^^^.  i  ^^^^.      Lactic  acid  by   |  ^^^^        . 

(CO'Ho 
and  tartaric  acid  by  (  ptttt  ,  »fec.     It  is  obvious  that  these  formulae 

IcOHo 

can  be  at  once  ti^ansformed  into  graphic  formula?  if  required. 

On  January  17,  1867,  Frankland  and  Duppa  read  a  paper  before 
the  Chemical  Society  on  "  Synthetical  Researches  on  Ethers.     No.  2. 
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Action  of  Sodium  and  Isopropyl  Iodide  npon  Ethylic  Acetate  "  (Journ. 
Cham.  Soc,  1867,  6,  102 — 116).  The  results  of  this  action  were  found 
to  be  quite  analogous  to  those  obtained  with  the  other  iodides. 

During  the  time  that  Frankland  was  at  the  Royal  Institution,  he 
was  engaged  in  professional  work  which  brought  him  in  contact  with 
many  problems  of  an  economic  nature.  Thus,  in  1859,  when  the  con- 
dition of  the  Thames  in  London  became  very  offensive,  he  and  Dr. 
Hofmann  were  requested  by  the  Metropolitan  Board  of  Works  to 
examine  various  proposals  which  had  been  made  for  the  deodorisation 
of  sewage,  and  when,  in  1865,  he  succeeded  Dr.  A.  W.  Hofmann  as 
Professor  of  Chemistry  at  the  Royal  School  of  Mines,  he  continued  the 
reports  on  the  monthly  analyses  of  the  metropolitan  waters  which  had 
been  commenced  a  short  time  previously  at  the  Royal  College  of 
Chemistry.  He  became  much  interested  in  the  water  supply  of  towns 
and  he  read  a  paper  before  the  Chemical  Society  on  March  15,  1866, 
on  "  The  Water  Supply  of  the  Metropolis  during  the  Year  1865—1866" 
(Journ.  Chem.  Soc,  1866,  4,  239—248).  This  led  him  to  investigate 
the  methods  in  use  for  the  analysis  of  water,  and  on  January  16,  1868, 
he  delivered  a  lecture  before  the  Chemical  Society  "  On  the  Analysis 
of  Potable  Waters"  (Journ.  Chem.  Soc,  1868,  6,  77—108).  In  this 
lecture,  the  investigations  on  water  analysis,  made  in  conjunction  with 
Dr.  H.  E.  Armstrong,  are  fully  dealt  with,  and  descriptions  are  given  of 
the  processes  which  they  suggest  for  a  more  trustworthy  analysis  of 
waters.  The  organic  carbon  and  nitrogen  are  determined  by  combus- 
tion of  the  solid  residue  from  the  water  with  lead  chromate  and  oxide 
of  copper,  the  combustion  being  cai-ried  out  in  a  tube  previously 
exhausted  by  a  Sprengel  pump,  and  from  which  the  resulting  carbon 
dioxide  and  nitrogen  ai'e  removed  by  the  same  pump  and  the  gases 
measured.  The  mani])ulations  necessary  for  this  process  and  for  the 
determination  of  nitrogen  in  tlie  state  of  ammonia  and  of  nitrates  and 
nitrites  are  given  in  detail  and  the  objections  to  other  methods  are 
Htated.  Tliis  paper  was  succeeded  by  another  "  On  a  Simple  Apparatus 
for  determining  the  Gases  Incident  to  Water  Analysis"  (Journ.  Chem. 
Soc,  1868,  6,  109 — 120).  This  is  a  simplification  of  the  gas  analysis 
api»aratu8  previously  described  in  185.'?. 

In  1868,  Frankland  was  appointed  a  member  of  the  Royal  Com- 
mission  to  inquire  into  the  IJost  Means  of  preventing  the  Pollution  of 
Rivers.  A  laboratory  was  fitted  up  in  Victoria  Street,  Westminstei-, 
in  which  a  large  amount  of  experimental  work  was  carried  on  under 
the  HU|)erviHion  of  the  late  Mr.  W.  Thorp.  Tiio  work  was  continued 
until  1874,  and  six  voluminous  reports  were  issued  by  the  Com- 
mittion  during  this  {)eriod. 

In  March  18G7,  Frankland  gave,  at  the  Royal  Institution,  a  course 
of  lecturet  on  coal  gas,  in  which  he  stated  that  some  experiments  had 
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led  him  to  doubt  the  correctness  of  Sir  Humphry  Davy's  theory  that 
the  light  of  gas  and  candle  flames  is  due  to  the  incandescence  of  solid 
particles  in  the  flames,  and  in  a  pa|)er  read  before  the  Royal  Society 
on  June  11,  1868,  "On  the  Combustion  of  Hydrogen  and  Carbonic 
Oxide  in  Oxygen  under  Great  Pressure  "  {Proc.  Roy.  Soc,  1868,  16, 
419 — 422),  he  shows  that  there  are  many  luminous  flames  which 
cannot  possibly  contain  solid  matter,  such  as  those  produced  by  the 
combustion  of  arsenic  and  phosphorus  in  oxygen,  the  temperature 
produced  by  the  combustion  being  more  tlian  sufficient  to  retain  the 
products  of  combustion  in  the  gaseous  condition.  He  attributes  the 
luminosity  to  the  incandescence  of  the  dense  vapours  present  in  the 
flame.  A  jet  of  hydrogen  one  inch  long  gives  very  little  light  when 
burnt  in  oxygen  at  the  oi'dinary  pressure,  but  when  the  pressure  is 
raised  to  10  atmospheres  a  white  flame  is  produced,  which  is  sufficiently 
bright  to  enable  one  to  read  a  newspaper  at  the  distance  of  two  feet 
from  the  flame,  and  the  spectrum  of  the  flame  is  continuous  from  red 
to  violet.  The  spectrum  of  carbonic  oxide  burning  in  oxygen  at  a 
pressure  of  fourteen  atmospheres  ia  very  brilliant  and  quite  continuous. 
When  sparks  from  an  induction  coil  are  passed  through  hydrogen, 
oxygen,  chlorine,  and  sulphurous  anhydride,  the  brilliancy  of  the 
sparks  increases  with  increase  of  density  of  the  gas.  On  June  12, 
1868,  a  lecture  was  given  on  this  subject  at  the  Royal  Institution 
{Proo.  Roy.  Inst.,  1869,  6,  419—423). 

About  1868,  Mr.  J.  Norman  Lockyer  was  working  at  the  Koyal 
College  of  Chemistry,  and  three  short  papers  were  published  by  the 
joint  authors  in  1869.  The  first  was  read  at  the  Royal  Society  on 
February  11,  1869,  "Preliminary  Note  of  Researches  on  Gaseous 
Spectra  in  relation  to  the  Physical  Constitution  of  the  Sun  "  {Proc. 
Roy.  Soc,  1869,  17,  288—291).  They  found  that  the  line  seen  near 
D  in  the  spectrum  of  the  chromosphere,  afterwards  known  as  the  helium 
line,  was  not  due  to  hydrogen,  that  the  widening  of  the  green  line  /"at 
the  lower  portion  of  the  chromosphere  was  due  to  increase  of  pressure, 
and  that  the  gas  at  the  upper  portion  of  the  chromosphere  must  be  in 
a  state  of  excessive  tenuity.  They  also  suggest  that  the  photo^phere 
of  the  sun  does  not  consist  of  solid  or  liquid  matter,  but  of  gas  of 
sufficient  density  and  temperature  to  produce  a  continuous  spectrum. 
The  second  note  was  read  on  June  10,  1869,  "  Researches  on  Graseous 
Spectra  in  relation  to  the  Physical  Condition  of  the  Sun,  Stars,  and 
Nebul*.  Second  Note"  {Proc.  Roy.  Soc,  1869,  17,  453—454),  and 
deals  principally  with  the  spectra  of  hydrogen  and  nitrogen,  which 
are  each  reduced  to  single  lines  in  the  green  when  the  temperature  is 
reduced.  The  third  note,  with  the  same  title,  was  communicated  on 
July  14,  1869  {Proc  Roy.  Soc,  1870,  18,  79—80) ;  it  deals  principally 
with   the  spectrum  of  magnesium,  some  of    the  lines  in  which  ai*© 
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shorter  than  others,  both  when  magnesium  is  projected  into  the 
chromosphere  and  when  sparks  are  produced  between  poles  of 
magnesium. 

On  February  2,  1871,  Frankland  read  a  paper  before  the  Chemical 
Society  on  "  The  Development  of  Fungi  in  Potable  Waters  "  (Journ. 
Chem.  Soc,  1871,  9,  66—76).  This  refers  to  the  test  for  purity  of 
potable  water  suggested  in  the  previous  year  by  Mr.  Heisch,  which 
consisted  in  dissolving  in  the  water  a  small  quantity  of  pure  sugar 
and  keeping  the  solution  for  some  days  in  a  warm  place  :  if  the 
water  was  contaminated,  a  fungus  was  found  to  be  produced. 
Frankland  tried  many  experiments  with  this  test,  and  found  that  the 
presence  of  a  phosphate  was  necessary  for  the  growth  of  the  fungus, 
whatever  the  source  from  which  the  water  was  obtained. 

On  February  17,  1876,  another  lecture  was  delivered  at  the  Chemical 
Society  "  On  Some  Points  in  the  Analysis  of  Potable  Waters  "  (Journ. 
Chem.  Soc,  1876,  i,  825 — 851),  giving  the  results  of  eight  years' 
experience  of  the  methods  described  in  1868,  together  with  further 
details  of  manipulation.  The  term  "  previous  sewage  contamination," 
which  had  been  adversely  criticised,  was  defended.  The  variations  in  tlie 
condition  of  the  London  waters  are  shown  by  diagrams,  and  objections 
are  raised  to  other  methods  of  water  analysis  in  vogue  at  that  period. 

In  1876,  Frankland  returned  to  the  study  of  the  organoboron 
compounds,  and  on  June  15  he  read  before  the  Royal  Society  a  paper 
on  organo-boron  compounds  {Proc.  Boy.  Soc,  1877,  25,  165 — 168). 
He  gave  another  method  of  preparing  boric  ethide  by  passing  the 
vapour  of  boric  chloride  into  zinc  ethyl.  By  the  action  of  two 
molecules  of  boric  ethylate  on  one  of  zinc  ethyl,  he  obtained  diboric 
ethopenthylate,  a  liquid  boiling  at  about  112°  and  distilling  unchanged. 
This  has  the  composition  of  a  compound  of  boric  ethylate  with  boric 
etho-diethylate,  and  it  appears  to  dissociate  into  those  compounds  when 
volatilised,  for  the  vapour  density  is  only  one-half  of  the  theoretical. 
It  probably  contains  two  atoms  of  pentad  boron  united  together  by 
two  bonds  of  each,  forming  a  hexad  group,  with  wliich  one  semi- 
molecule  of  ethyl  and  five  of  ethoxyl  are  combined.  Ammonia-boric 
methide,  previously  discovered,  may  have  a  similar  constitution,  the 
pentad  nitrogen  and  boron  being  united  by  two  bonds  of  each,  and 
the  hexad  group  combined  with  three  atoms  of  hydrogen  and  three 
Hemimoleculos  of  methyl.  Boric  diethothylate,  boric  diethohydrate, 
and  boric  ethethylate-hydrato  are  also  described  in  this  paper. 

The  foregoing  account  by  no  means  includes  all  the  papers  that 
Frankland  published,  but  it  contains  the  most  important,  ulniost  all  of 
them  containing  discoveries  whicii  have  had  a  groat  influonco  on  the 
progroMsof  science;  many  of  the  remaining  papers  are  continuations  of 
the  work  done  in  earlier  years, 
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Frankland  was  an  excellent  manipulator;  his  early  researches 
required  such  careful  experiment,  and  were,  of  course,  carried  out 
without  the  help  of  others,  that  he  acquired  great  facility  in  manipu- 
lation. Even  after  circumstances  had  placed  at  his  disposal  the  assist- 
ance of  students  and  other  co-workers,  he  still  continued  to  do  a  large 
amount  of  work  with  his  own  hands,  lie  took  great  care  in  expeii- 
mentally  illustrating  his  lectures  and  devised  a  large  number  of 
striking  experiments,  many  of  which  are  still  used  by  lecturers,  but 
their  origin  has  been  forgotten.  His  retiring  character  was  so 
marked  that  even  those  who  were  in  frequent  contact  with  him  heard 
very  little  from  his  lips  of  what  he  had  pi-eviously  accomplished,  and  it 
was  only  from  his  published  work  that  they  learnt  the  extent  of  his 
early  successes.  He  was  always  kind,  considerate,  and  helpful  to  his 
students  and  assistants. 

Sir  Edward  Frankland  in  his  :'^utobiography  tells  us  that  in  his 
youngest  days  he  was  very  fond  ol  l>ot)ks  of  travel,  but  that  he  had 
not  any  opportunity  of  going  beyond  a  short  distance  from  home  until, 
at  the  age  of  17,  he  spent  a  week  in  Cumberland  and  Westmoreland. 
In  1845  he  came  from  Lancaster  to  London,  in  1847  he  went  to 
Marburg,  crossing  from  Dover  to  Ostend,  and  by  the  Rhine  to 
Mayence,  and  on  to  Frankfort  and  Marburg.  Tyndall  and  he  went 
to  Paris  to  spend  their  summer  vacation  in  1848,  and  he  was  there 
during  the  revolution  at  the  end  of  June,  living  in  one  of  the  most 
disturbed  districts.  In  October  1848  he  again  went  to  Marburg,  and 
the  next  year  to  Giessen,  and  in  the  beginning  of  1850  he  was  for  a 
short  time  in  Berlin.  After  his  marriage  he  went  to  Cassel  in  1852, 
and  in  1855  he  took  a  cottage  at  Windermere,  where  he  and  his  family 
resided  during  the  vacations  ;  here  he  had  a  small  yacht,  and  later  he 
kept  a  yacht  at  Cowes.  His  mountaineering  in  Switzerland  gave  rise, 
as  we  have  seen,  to  investigations  on  combustion  under  different 
pi'ossui'es,  as  well  as  to  papers  and  lectures  on  the  glacial  epoch, 
thermometric  observations,  and  experiments  on  solar  radiation.  In 
1863  he  paid  his  first  visit  to  Norway,  to  which  country  he  became 
much  attached  and  where  he  died.  He  aLso  went  to  Spain  and 
Algiers.  He  attended  the  meeting  of  the  British  Association  at 
Montreal  in  1884,  and  afterwards  went  to  the  Yellowstone  Park 
and  Chicago.  In  1886  he  went  to  the  Riviera,  Naples,  Vesuvius,  and 
Capri.  He  was  in  Berlin  in  1890.  This  very  meagre  account  of  his 
travf  Is  will,  however,  show  that  his  early  predilections  for  travel  were 
continued  during  his  whole  life. 

While  living  at  Haverstock  Hill,  between  1857  and  1870,  Frankland 
took  a  great  interest  in  gardening  :  he  also  at  that  time  ground  and 
silvered  a  7 -inch  glass  speculum  and  fitted  it  in  a  telescope,  which  he 
used  for   astronomical  purposes,    making   drawings  of  the   moon  and 
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planets.  From  1870  to  1880  he  resided  in  Lancaster  Gate,  and  in  the 
latter  year  he  moved  to  the  Yews,  Reigate.  Here  he  had  a  fine 
observatory.  He  lighted  the  house  by  electricity,  supervising  the 
working  and  making  some  of  the  fittings  himself.  This  led  to  his 
investigations  of  the  action  of  secondary  battexnes,  described  in  a  paper 
sent  to  the  Royal  Society  on  February  21, 1883,  entitled  "  Contributions 
to  the  Chemistry  of  Storage  Batteries"  (Proc.  Hoy.  Soc,  1883,  35, 
67 — 70).     He  also  took  much  interest  in  his  gardens  and  hot-houses. 

Frankland  was  elected  a  Fellow  of  the  Chemical  Society  on  December 
20,  1847.  He  served' on  the  Council  in  1850 — 1851  and  again  in 
1858—1859;  he  was  Foreign  Secretary  from  1861—1868,  Vice-President 
in  1860, 1868,  and  1870,  and  President  from  1871-1873.  By  a  curious 
oversight,  his  connection  with  the  Chemical  Society  is  not  mentioned 
on  the  title  page  of  his  collected  papers,  entitled  "  Experimental 
Researches  in  Pure,  Applied  and  !^hysical  Chemistry,"  published  in 
1887.  He  was  one  of  the  founders  and  the  first  President  of  the 
Institute  of  Chemistry  from  1877  to  1880,  and  afterwards  a  Vice- 
President  and  Censoi".  He  was  elected  Fellow  of  the  Royal  Society 
on  June  2,  1853,  and  served  on  the  Council  in  1857 — 1859  ; 
1865—1867;  1875—1877,  and  1886—1888.  He  was  Foreign 
Secretary  from  1895  until  his  death.  He  was  awarded  a  Royal  INIedal 
in  1857  and  the  Copley  Medal  in  1894.  He  was  also  a  member  of 
many  of  the  foreign  learned  societies  and  academies.  He  received  the 
honorary  degree  of  D.C.L.  of  Oxford  in  1870,  and  the  LL.D.  of 
Edinburgh  in  1884.  On  the  occasion  of  the  Diamond  Jubilee  of 
Queen  Victoria  in  1897  he  was  created  K.C.B. 

Frankland  was  twice  married,  first  to  Fraulein  Sophie  Fick,  on 
February  27, 1851,  who  died  at  Davos  on  January  7,  1874.  His  second 
wife  was  Miss  Ellen  Frances  Grenside,  whom  he  married  on  May  1 1 , 
1875.     She  died  in  January,  1899,  after  a  long  illness. 

He  left  two  sons  and  two  daughters  by  his  first  wife,  and  two 
daughters  by  bis  second.  His  elder  son  is  a  remarkable  mathematician, 
the  younger  is  the  well-known  Professor  of  Chemistry  at  the  University 
of  Birmingham.  Of  recent  years.  Sir  Edward  Frankland  went 
almost  annually  to  Norway,  where  lie  spent  much  of  his  time  in  fishing, 
although  during  the  last  few  years  of  his  life  he  devoted  his  time 
spent  in  his  cottage  at  Cjolaa  in  Ondbrandsdalen  to  literary  work. 
He  died  there,  after  ten  days'  illness,  on  August  9,  1899. 

Hkrbbht  McLbop. 
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JOHN  HALL  GLADSTONE. 

Born  March  7th,  1827;  Djed  October  6th,  1902. 

For  many  generations  the  ancestors  of  John  Hall  Gladstone  lived 
in  the  town  of  Keleo  in  Roxburghshire,  where  they  carried  on  the 
business  of  damask  weavers.  But  in  the  early  part  of  the  nineteenth 
century  the  cottage  hand-loom  was  being  superseded,  and  John  Glad- 
stone was  driven  to  seek  his  fortune  in  London.  Here  in  February 
1816  he  entered  the  drapery  establishment  of  Mr.  Cook,  in  Cheapside, 
in  the  humble  position  of  shop-boy  ;  but  he  soon  rose  to  be  tmveller  and 
buyer,  and  in  1824  was  taken  into  partnership.  He  then  married  a 
young  cousin,  Alison  Hall,  whose  father  had  a  dmpery  business  in 
Bishopsgate  Street,  and  in  due  time  three  sons  were  born  to  them. 
John  Hall,  the  eldest,  was  born  at  7,  Chatham  Place  West,  Hackney, 
and  was  biiptised  at  Albion  (Presbyterian)  Chapel,  Moorfields.  The 
three  brothers  were  educated  entirely  at  home  under  tutors,  and  from 
very  early  days  all  showed  a  strong  inclination  toward  natural  science. 
In  1842  the  father,  John  Gladstone,  retired  fi-om  business,  and  soon 
afterwards  the  family  spent  upwards  of  a  year  in  travelling  on  the 
Continent.  Part  of  this  time  was  passed  in  Italy  with  their  old  friends 
Mr.  and  Mi-s.  Tilt  and  their  daughter  May,  who  in  1852  became  the 
eldest  son's  wife. 

From  early  yeju-s  John  Hall  Gladstone  had  shown  strong  religious 
tendencies,  and  when,  at  the  age  of  seventeen,  the  question  of  his  future 
career  came  to  be  discussed,  he  wished  to  enter  the  Christian  ministry. 
From  this  course  he  was  dissuaded  both  by  his  father  and  by  Mr.  Tilt, 
and  in  December  1844  he  entered  University  College  as  a  student. 
Here  he  attended  Graham's  lectures  on  chemistry  and  worked  in  his 
private  laboratory,  and  here  he  prepared  his  earliest  contributions  to 
scientific  literature.  His  first  paper,  containing  an  "Analysis  of  Sand 
from  St.  Michael's  Bay,  Normandy,"  was  read  at  a  meeting  of  the 
Chemical  Society  on  November  16,  1846,  when  he  was  but  nineteen 
years  of  age.  On  June  7  in  the  following  year  a  more  important 
communication,  on  "Gun  Cotton  and  Xyloidine,"  showed  that,  although 
so  young,  he  possessed  the  qualifications  necessary  for  serious  scientific 
investigation,  and  a  gold  medal  for  original  research  was  awai-ded  him 
by  the  College.  Later  in  the  same  year  he  went  to  Giessen  to  work 
under  Liebig,  returning  in  April  1848  with  the  degree  of  Doctor  of 
Philosophy.  The  subject  of  his  dissertation  can  only  be  conjectured, 
but  it  is  probable  that  the  paper  on  the  "  Artificial  Formation  of  Urea 
from  Fulminic-  Acid"  (Quart.  Journ.  Chem.  Soc.,  1,  228),  which  appears 
in  Liebig's  Annalen  for  1848,  contains  the  results  of  the  work  under- 
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taken  with  a  view  to  graduation.  But  although  Gladstone  had  thus 
formally  adopted  the  pursuit  of  science  as  his  career,  he  continued 
throughout  his  life  to  take  an  active  part  in  religious  work.  In  Olapham 
his  parents  were  members  of  the  Rev.  James  Hill's  Congregational 
Church,  and  here  he  taught  in  the  Sunday  School,  beside  conducting 
services  in  a  Mission  Koom  at  White  Square.  Later  on  he  held  a  Bible 
Class  for  young  men  on  Sunday  afternoons,  and  until  the  end  of  his  life 
he  was  intimately  connected  with  the  work  of  the  Young  Men's 
Christian  Association.  For  many  years  he  was  the  chief  organiser  of 
the  Sunday  afternoon  devotional  meeting  held  annually  at  the  meeting 
of  the  British  Association.  In  1850  he  was  appointed  Lecturer  in 
Chemistry  to  St.  Thomas's  Hospital,  a  post  which  he  held  for  two  years, 
and  in  1853,  at  the  age  of  26,  he  was  elected  into  the  Royal  Society. 
After  the  death  of  his  father-in-law  in  1861  there  was  no  necessity  for 
Dr.  Gladstone  to  earn  money  ;  but  he  was  now  so  well  known,  both  as  a 
scientific  man  and  a  philanthropist,  that  he  had  no  difficulty  in  filling 
his  days  with  useful  work.  In  1864  he  had  the  deep  misfortune  to  lose 
his  wife  and  their  eldest  daughter  and  only  son.  This,  however,  seems 
to  have  been  followed  by  only  temporary  suspense  of  activity,  social  and 
scientific. 

In  1863-4  and  again  in  1866-8  he  served  on  the  Council  of  the  Royal 
Society,  and  having  been  a  member  of  the  Royal  Commission  on  Light- 
houses, Buoys,  and  Beacons  from  1859  to  1862,  he  became  a  member 
of  the  Gun  Cotton  Committee  in  1864-8. 

In  politics  Gladstone  was  a  Liberal,  and  on  more  than  one  occasion 
he  was  tempted  to  enter  Parliament.  In  1868  he  unsuccessfully 
contested  the  borough  of  York.  In  1869  he  married  Margaret, 
daughter  of  the  late  Rev.  Dr.  David  King,  and  niece  of  Lord  Kelvin. 
This  lady  died  in  1870,  leaving  one  daughter. 

From  1874-7,  Gladstone  held  the  FuUerian  Professorship  of 
Chemistry  at  the  Royal  Institution,  and  was  first  President  of  the 
Physical  Society,  of  which  he  was  one  of  the  founders.  Ho  was  Presi- 
dent of  the  Chemical  Scxjioty  from  1877-9,  and  in  1898  he  was  one 
of  the  six  past  Presidents  of  that  Society  who  had  been  Fellows 
for  upwards  of  fifty  years,  and  in  whoso  honour  a  banipiet  was  given 
under  the  cliairmanship  of  tlio  President,  Professor  Dowar. 

Gladstone  will  be  long  roniombered  for  his  services  to  education, 
especially  in  connection  with  the  introduction  of  the  rudiments  of 
science  into  the  curriculum  of  Elementary  Schools.  From  1873  to 
1894  ho  was  a  member  of  the  London  School  Board,  for  three 
years  ho  wivs  Vico-Chairman  of  tlio  liourd,  and  for  many  years 
he  was  Chairman  of  the  Books  and  Apparatus  Sub-Committee.  He 
waa  also  for  soveral  years,  and  up  to  the  time  of  his  death,  an 
Almoner  of  Christ's  Hospital,  and  took  much  interest  in  the  arrange- 
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inents  for  the  improved  tea*;hiug  of  experimentAl  science  in  the  new 
Iniildings  at  Horsham.  Dr.  CJladstone  was  an  expert  phonographer, 
having  learned  the  ai-t  so  early  as  1846,  and  he  made  use  of  it  for  note- 
taking  as  a  student  and  for  genei-al  purposes  of  comiiosition  throughout 
his  life.  This  led  him  when  a  member  of  the  School  Board  to  institute 
inquiries  into  the  methods  of  teaching  reading,  and  as  a  result  he 
came  to  the  conclusion  that  a  reform  in  English  spelling  was  very 
desirable.  He  was  succeshful  in  1876  in  inducing  the  School  Boai-d 
to  pass  by  a  large  majority  a  resolution  in  favour  of  a  change,  a 
memorial  was  subsequently  presented  to  the  Committee  of  Council 
on  Education,  and  in  1879  the  Spelling  Reform  Association  was 
constituted.  Although  phonetic  spelling  was  not  adopted,  much  good 
was  accomplished  in  the  abolition  of  the  old-fashioned  spelling-books, 
and  to  Dr.  (ILidstone's  efforts  in  urging  the  importance  of  shorthand 
is  mainly  due  the  teaching  of  this  art  which  has  been  so  widely 
adopted. 

Dr.  Gladstone  was  very  fond  of  London,  and  although  fram  childhood 
he  had  tjiken  much  interest  in  natui-al  history,  and  although  he  often 
praised  the  country,  not  unfre»iuently  in  verse,  he  seems  never  to  liave 
wished  to  live  out  of  the  meti-opolis.  It  only  remains  to  be  mentioned 
that  he  spoke  French  i-ei\dily,  and  fi-equently  attended  the  summer 
meetings  of  the  Association  Fran^aise  {wur  I'Avancement  des  Sciences, 
and  was  also  at  one  or  two  meetings  of  the  Swiss  Associiitiou. 

In  recognition  of  his  services  to  education  he  was  elected  an 
Honorary  Fellow  of  the  College  of  Preceptors.  He  also  i-eceived  the 
degree  Sc.D.  at  the  celebration  of  the  Tercentenary  of  Trinity  College, 
Dublin,  in  1892,  and  the  Davy  Medal  from  the  Royal  Society  in  1897. 

In  1880  he  beavme  a  member  of  the  Company  of  Wheelwrights,  and 
as  a  liveryman  took  part  in  the  last  year  of  his  life  in  the  election  of 
the  Ijord  Mayor,  at  the  Guildhall,  on  Michaelmas  Day.  On  the  day  of 
his  death,  October  6,  1902,  he  pi-esided  in  the  afternoon  at  a  meeting 
of  the  Christian  Evidence  Society,  and,  after  walking  part  of  the  way 
home,  he  went  into  his  study,  and  was  found  lifeless  there  as  the  result 
of  failure  of  the  heart.  He  was  buried  the  following  Friday  in 
Kensal  Green  Cemetery. 

As  an  investigator  in  pure  chemistry  and  in  physical  chemistry 
Gladstone  accomplished  a  prodigious  amount  of  work.  Beside  140 
paj>ei"s  standing  under  his  own  name  alone,  there  are  no  fewer  than 
78  written  in  collaboration  with  other  workers,  as  follows  :  with  Sir 
David  Brewster  1,  with  Rev.  T.  P.  Dale  5,  with  George  Gladstone  7, 
with  J.  D.  Holmes  2,  with  Alfred  Tribe  41,  with  Walter  Hibbert 
20,  and  with  Dr.  W.  H.  Perkin  2.  This  fertility  is  partly  explained 
in  his  speech  at  the  banquet  in  1898,  for  having  ample  means  at 
his  command  he  was  always  able  to  keep  in  his  laboratory  a  ti-ained 
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assistant  whose  work  could  proceed  in  his  absence.  He  was  a  scientific 
amateur  in  the  best  sense  of  the  word. 

Some  of  the  subjects  in  what  may  be  called  pure  chemistry  to  which 
Gladstone's  attention  was  in  his  early  years  directed  have  already 
been  mentioned.  Others  which  deserve  notice  were  the  production 
and  properties  of  phosphamide  and  similar  compounds,  begun  at  Liebig's 
suggestion  and  revised  ten  years  later;  an  inquiry  into  the  composition 
of  the  so-called  iodide  of  nitrogen  (1852),  in  which  the  avithor's  results 
seemed  to  justify  the  adoption  of  the  formula  previously  given  to  the 
compound  by  Bineau,  viz.  NHIo.  Not  only  had  this  subject  been 
previously  much  investigated  with  results  which  were  not  concordant, 
but  from  that  time  onward  the  question  remained  unsettled  until  1899, 
when  the  formula  N^Hglg,  which  had  been  proposed  by  Bunsen  half 
a  century  before,  was  established  by  Chattaway. 

A  more  important  inquiry  is  embodied  in  the  paper,  which  appears 
in  the  Philosophical  Iransactions  for  1855,  on  "  Circumstances  modify- 
ing the  Action  of  Chemical  Affinity."  Here,  after  giving  the  history  of 
ideas  relating  to  chemical  affinity  from  Bergman  down  to  Berthollet 
and  onwards,  the  author  proceeds  to  examine  the  question,  arising  out 
of  the  researches  of  Bunsen  and  Debus,  whether  when  two  substances 
act  on  each  other  an  increase  in  the  quantity  of  one  of  them  leads 
to  a  corresponding  increase  in  the  amount  of  chemical  change 
observed,  and  whether  such  change  occurs  continuously,  or  per  saltiim, 
in  atomic  proportions.  In  the  work  of  Bunsen  on  the  products  of  the 
explosion  of  carbonic  oxide  and  hydrogen  with  various  proportions  of 
oxygen  the  resultant  carbon  dioxide  and  water  are  incapable  of  acting 
on  each  other,  and  in  Debus's  experiments  on  the  precipitation  of 
mixed  barium  and  calcium  chlorides  by  a  carbonate  the  precipitated 
earthy  carbonates  are  removed  from  the  reach  of  further  chemical 
actioo.  In  Gladstone's  experiments,  ou  the  other  hand,  tlie  products 
of  the  interchange  as  well  as  the  unaltered  residue  of  the  original 
materials  remain  in  the  field. 

The  most  interesting  results  were  obtained  by  observation  of  the 
cliauges  of  colour  which  occur  in  the  formation  of  the  red  feilic 
thiocyanate  by  bringing  together  in  aqueous  solution  various  ferric 
salts  and  an  alkaline  thiocyanate  in  different  proportions.  The  principal 
concluHions  arrived  at  are  !)riofly  us  follows  ; — 

VV'lion  two  or  more  binary  compounds  are  mixed  under  such 
circtimstaDces  tluit  all  the  products  are  free  to  act  and  react,  each 
{lOHitivo  ulumunt  conibincH  with  ancU  negative  element  in  constant 
pro|»ortioiiH,  which  are  iiuli.'|)(>ndciit  uf  tlie  manner  in  wliich  Miu 
cluuiontK  w(!ro  originally  combined  and  which  are  not  merely  the 
resultant  of  the  action  uf  the  variouH  affinities  concerned,  but  are 
dejMjndeut  also  ou  the  mass  uf  each  uf  the  subbtances  in  the  mixture. 
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An  alteration  in  the  mass  of  any  one  of  the  binary  compounds  present 
alters  the  amount  of  every  one  of  the  other  binary  compounds,  and 
that  in  a  regularly  progressive  i-atio,  sudden  transitions  only  occurring 
where  a  substance  is  present  which  is  capable  of  combining  with 
another  in  more  than  one  projwrtion.  The  theory  of  BerthoUet  is 
thus  confirmed.  The  phenomena  which  present  themselves  when  pre- 
cipitation, volatilisation,  or  crystallisation  occui-s  are  diflFerent  because 
one  of  the  substances  is  removed  from  the  field  of  action.  Hence 
there  is  a  fundamental  error  in  all  conclusions  as  to  what  com- 
pounds exist  in  a  solution,  drawn  from  such  empirical  rules  as 
that  "  the  strongest  base  combines  with  the  strongest  acid."  This 
paper  was  justly  considered  so  im{x>rtant  that  it  was  i-epriuted  in  full 
in  the  Quarterly  Journal  of  the  Chemical  Society,  vol.  9.  The  same 
volume  contains  another  jMiper  directly  contributed  to  the  Chemical 
Society,  entitled  "Some  Experiments  illustrative  of  the  Reciprocal 
Decomposition  of  Salts,"  which  is  devoted  to  a  discussion  of  some 
apparent  exceptions  to  the  law  quoted  above  and  disposes  of  them  all. 
A  further  contribution  to  the  same  subject  occurs  in  vol.  1 1 ,  on  the 
'  Chemical  Action  of  Water  on  Soluble  Salts."  The  concluding  sentence, 
which  declares  that  "  the  actual  state  of  a  dissolved  salt  is  beyond  the 
expression  of  any  of  our  formulaj,"  is  not  far  from  a  true  i-epi-esentation 
of  the  state  of  knowledge  on  this  subject  at  the  [n-esent  time. 

There  is  no  doubt,  however,  that  optical  phenomena  and  the 
properties  of  elements  and  compounds  in  relation  to  light  formed  the 
subjects  which  possessed  the  greatest  fascination  for  Gladstone.  This 
comes  out  quite  early  in  his  ciireer,  and  in  a  variety  of  forms.  Thus 
in  1854  he  lectured  at  the  Royal  Institution  on  "  Chromatic  Phenomena 
exhibited  by  Transmitted  Ijght."  In  1855  there  were  "Notes  on 
some  substances  which  exhibit  the  Phenomena  of  Fluorescence,"  in  the 
Edinburgh  New  Philo$ophical  Jouriuil,  and  in  1856  on  "Some  Dichi-o- 
matic  Phenomena  among  Solutions,"  at  the  meeting  of  the  British 
Association.  In  1858  he  drew  attention  to  the  use  of  the  prism  in 
qualitative  analysis  (Quart.  Journ.  Chem.  Soc.,  10,  79),  and  discovered 
the  remarkable  lines  in  the  absorption  spectrum  of  didymium,  a 
substance  long  afterwards  resolved  by  Auer  von  Welsbach  into  the  two 
elements  known  as  praseo-  and  neo-dymium.  A  little  later  he  studied 
the  absorption  spectrum  of  the  atmosphere,  and  found  that  the  lines  of 
Fraunhofer  varied  according  to  the  time  of  day,  and  that  the  change 
must  be  due  to  some  constituents  of  the  earth's  atmosphere.  In  this 
reseai-ch  he  was  joined  by  Sir  David  Brewster,  and  together  they 
produced  a  paper  on  the  lines  of  the  solar  sj>ectrum  which  appears  in 
the  r/til.  Trans.,  for  1860. 

But  the  most  important  work  of  Gladstone's  in  this  direction  was 
undoubtedly  the   long   series  of  observations  on  the   i-efraction  and 
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dispersion  of  liquids.  This  apparently  originated  with  a  study  of  the 
"Influence  of  Temperature  on  the  Refraction  of  Light,"  undertaken  in 
concert  with  the  Eev.  T.  P.  Dale  {Phil.  Trans.,  1858).  This  was 
followed  by  the  important  "  Researches  on  the  Refraction,  Dispersion, 
and  ^sensitiveness  of  Liquids,"  in  the  Phil.  Trans,  for  1863. 

Representing  the  i-efractive  index  by  ya,  the  expression  /u.  - 1  is 
termed  by  the  authors  the  refractive  energy  of  the  substance,  and 
this  multiplied  by  the  volume  or  divided  by  the  density,  d,  gives  the 

specific  refractive  energy,  ^  --  .     The  refractive  power  of  liquids  is,  like 

some  other  physical  properties,  additive  in  character,  and  every  liquid 
has  a  specific  refractive  energy  composed  of  the  specific  refractive 
energies  of  its  component  elements  more  or  less  modified  by  the  manner 
of  combination.  The  specific  refractive  energy  being  almost  inde- 
pendent of  temperature,  solution,  or  even  chemical  combination,  the 
product  of  this  value  multiplied  by  the  molecular  weight  gives  the 
molecular  refractive  energy  from  which  refraction  equivalents  for  the 
elements  may  be  deduced.  These  refraction  equivalents  calculated 
from  the  refractive  energy  of  different  compounds  come  out  nearly 
but  not  quite  identical,  the  mean  value  for  potassium,  for  example, 
derived  from  observations  on  the  chloride,  cyanide,  thiocyanate,  and 
hydroxide  is  8*2,  while  the  ethylate,  formate,  acetate,  and  tartx-ate  give 
a  mean  value  7  "8.  With  such  constants  the  molecular  refractive 
powers  of  compounds  can  be  calculated,  and  are  generally  found  to 
agree  very  well  with  those  deduced  from  direct  observation  of  the  same 
compounds.  In  some  cases,  carbon  and  nitrogen  for  example,  the 
element  exhibits  more  than  one  atomic  I'efraction,  which  appears  to  bo 
connected  with  its  mode  of  combination.  This  part  of  the  subject 
has  been  pursued  for  many  years  l)y  Professor  J.  W.  Briihl,  but  to 
Gladstone's  laborious  observations  we  owe  j)ractica]ly  all  our  knowledge 
of  refractive  equivalents. 

Another  memorable  series  of  researches  commenced  about  1872,  in 
conjunction  with  his  assistant  Alfred  Tribe,  resulted  in  the  discovery 
of  the  copper-zinc  couple,  and  its  application  to  the  production  of  the 
organo-ziDc  compounds  and  to  other  purposes.  The  couple  has  long 
Binco  found  its  way  into  every  laboratory  in  tlie  world,  and  as  a 
reducing  agent  has  met  with  applications  not  only  in  connection  with 
carlion  conipound.s  but  for  many  purposes  in  analysis. 

NotwitliHUmding  or  perhaps  in  consecpience  of  (.ladstono's  activity 
as  an  oxporimcnter,  an  occupation  which  almost  necessarily  loads  to 
the  writijig  of  many  |Mipi'rH,  ho  did  not  produce  many  books.  In  1872 
he  brought  out  u  ISiogiapliy  of  l*\iraday,  witli  whom  he  had  ))i>en  on 
terniHof  doMtt  friendship.  In  1883  a  scries  of  papers  on  the  "  Chemistry 
uf  the  Hecondary  Jktleries  of  Pluntu  and  Faure  "  were  collected  into  a 
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little  volume  published  by  MacmilLin.  A  small  work  on  "  Spelling 
Reform  from  an  Educational  Point  of  View  "  was  also  published  by 
Macmillan  in  1878,  It  will  readily  be  understoo«l  from  what  has 
already  been  stated  that  a  large  number  of  pamphlets,  pa(»er>>,  and 
magazine  articles  on  social,  educational,  and  religious  subjects  also  came 
from  his  pen. 

Personally  Gladstone  was  one  of  tlie  munt  kindly  and  genial  of  uieu, 
with  an  old-fashioned  but  never-failing  courtesy  of  manner.  It  was 
characteristic  of  him  that  when  calleil  upon  to  speak,  even  in  a  scientific 
meeting,  he  almost  invariably  addresseil  his  audience  as  "  Friends ! " 
Eager  in  the  pursuit  of  knowledge  and  anxious  for  its  diffusion,  he  divided 
the  long  years  of  an  active  and  useful  life  between  the  search  after 
truth  and  the  promotion  of  the  social,  moral,  and  intellectual  improve- 
ment of  his  fellow-men.  His  memory  is  secure  iu  the  respectful 
admiration  of  his  contemfwi-arie-s  and  by  future  generations  his  name 
will  be  lemembered  as  one  of  those  who  helped  to  lay  the  foundations 
of  modern  physical  chemistry. 

W.   A.  TlLDBV. 


WLADIMIR    WASSILJEWITSCH    MARKOWNIKOFF. 
Born  December  22nd,  1838;  Died  February  Uth,  1904. 

Wladimir  Wassiljewitsch  Markownikoff  was  bom  on  December 
22  (N.S.),  1838,  in  the  neighbourhood  of  Nischnij  Nowgorod.  Here 
he  attended  the  preparatory  school;  and,  after  passing  through  the 
"  Gymnasium,"  entered  in  1856  the  University  of  Kazan  as  a 
"Cameralia"  student.  In  this  university  he  took  his  doctor's 
degree  iu  1861.  About  this  time  he  first  came  in  contact  with  the 
striking  personality  of  Butlerow,  who  attracted  him  strongly;  and 
who,  having  recently  returned  from  Germany  and  France  charged 
to  the  full  with  the  new  doctrines  of  molecular  structure,  was 
lecturing  and  demonstrating  enthusiastically  on  these  subjects.  In 
1862,  having  completed  his  course  of  study,  he  was  appointed 
Assistant  in  the  department  of  Inorganic  Chemistry.  He  married 
in  the  following  year. 

In  1865,  Markownikoff  was  sent  abroad  by  the  Russian  Govern 
ment  to  pursue  his  studies  for  two  years.  He  went  first  to  Heidel- 
berg, where  he  attended  the  lectures  of  Kopp,  Kirchoff,  and  Erlen- 
meyer,  working  in  Erlenmeyer's  laboratory :  thence  he  proceeded 
to  Berlin,  to  study  with  Baeyer,  and  finally  to  Kolbe,  in  Leipzig, 
where  he  spent  most  of  his  leave.     Here,  in   1866,  he  made  his 

VOL    LXXXVII.  ^  « 


598  OBITUARY. 

researches  on  the  first  isomeric  acid  of  the  fatty  series,  which  he 
discovered,  namely,  isobutyric  acid  and  its  derivatives.  After  his 
return  to  Kazan  he  published  (1869)  his  paper,  '  Ueber  die  reciproke 
Beeinflussung  der  Atome  im  Molecule."  The  work  described  in 
this  memoir,  and  the  ideas  contained  in  it,  he  always  regarded  as 
his  most  valuable  contribution  to  chemical  science.  Its  importance 
was  pointed  out  long  subsequently  by  Michael  (/.  pr.  Ch.,  1899,  [ii], 
60,  288).  Soon  after  this  Markownikoff  became  Professor  in  Kazan, 
and,  on  the  transference  of  Butlerow  to  St.  Petersburg,  Director  of 
the  laboratory.  This  post  he  held  for  four  years.  In  1871,  he  and  five 
colleagues  resigned  for  political  reasons,  Markownikoff,  however, 
immediately  received  an  invitation  to  occupy  the  chair  of  chemistry 
in  the  University  of  Odessa,  the  Russian  univei'sities  having  at  that 
time  the  power  of  making  appointments  in  that  way.  Here  he 
remained  until  1873,  when  he  was  called  to  the  University  of 
Moscow.  In  this  stimulating  position  he  found  ample  scope  for  a 
very  active  mind,  and  here  he  produced  the  greater  number  of  his 
researches.  With  much  effort  he  surmounted  many  vei'y  serious 
difficulties  in  the  building  of  his  new  laboratory  (1884 — G). 

Here  Markownikoff  began  his  long  and  laborious  investigation 
of  Caucasian  petroleum,  which  occupied  him  during  the  last  decade 
of  his  life.  In  1893,  a  serious  misfortune  befel  him,  for  he  was 
dismissed  from  his  post  without  reason  assigned,  and  deprived  of 
his  emoluments  and  official  residence.  Nevertheless,  he  continued 
to  work  on  indefatigably  in  his  own  house,  assisted  by  his  faithful 
servant  Mikhailo,  who  had  become  wondei-fully  expert  in  fractional 
distillation.  He  died  quite  unexpectedly,  in  the  midst  of  his 
labours,  while  engaged  in  preparing  some  of  his  results  for  publi- 
cation.    An  apoplectic  seizure  ended  his  life  in  a  few  hours. 

Markownikoff  was  a  conscientious  man  of  science,  ever  setting 
exactitude,  earnestness,  and  honour  above  the  ambitions  of  the 
moment  and  the  vanities  of  the  self-seeker.  In  his  political 
opinions  he  was,  to  his  own  severe  loss,  an  outspoken  patriot.  As 
a  delegate  of  the  lied  Cross,  he  took  an  active  part  in  the  work  of 
disinfection  in  the  Russian  Army  during  the  1878 — 9  campaign. 
His  numerous  pupils,  not  a  few  of  whom  occupy  important  scientific 
and  technical  positions,  will  long  and  sincerely  lament  their  dis- 
tinguished master. 

Markownikoff  was  elected  a  Foreign  Member  of  the  Chemical 
Society  on  January  20,  1898,  and  on  February  25,  1901,  received 
the  congratulations  of  the  Council  on  the  fortieth  anniversary  of 
his  doctorate.  IIo  was  tlic  autlior  of  sixty-two  paj)crs,  and  of 
ftovcral  separately  published  memoirs,  the  most  important  of  which 
related  to  Caucasian  potruluum  (in  which  work  he  was  associated 
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with  Ogloblin),  army  disinfecting  practice,  the  plague  in  Russia, 
modern  chemistry,  and  chemical  industry  in  Russia. 

The  investigation  of  Caucasian  petroleum  led  to  the  discovery 
that  this  substance  contains  as  principal  constituents  a  series  of 
hydrocarbons  of  peculiar  character,  to  which  MarkownikofT  gave 
the  general  name  uaphtheue.  They  somewhat  resemble  paraffins  iu 
yielding  no  addition  compounds,  and  by  Maikownikoff  himself  were 
supposed  to  consist  of  the  hydrides  of  benzenoid  hydrocarbons,  a 
view  which  is  now  generally  accepted.  The  lower  fractions  of  this 
petroleum  also  contain  benzene  and  a  number  of  its  homologues. 
These  discoveries,  with  the  observation  of  the  relation  of  the  expan- 
sion coefficient  to  specific  gravity,  and  of  the  extraordinary  tenacity 
with  which  the  higher  paraffins  hold  the  gaseous  ones,  even  at 
elevated  temperatures,  are  all  matters  of  great  importance  to  the 
petroleum  industry   and  its  scientific  consideration. 

MarkownikofT  also  discovered  a  CV  glycerol,  and  made  a  study  of 
suberoue,  from  which  he  obtained  a  monohydric  alcohol  called 
suberol,  as  well  as  the  oxime  and  a  base  formed  by  its  reduction. 
From  suberyl  iodide  by  reduction,  a  saturated  hydrocarbon, 
suberane,  C-Hj^(heptaniethylene),  is  formed,  which  is  readily  con- 
verted into  the  heptanaphthene  present  in  Caucasian  petroleum. 
Papers  on  many  other  subjects,  such  as  the  pyrotartaric  acids,  on 
dichlorohydriu,  and  on  Bulgarian  rose-oil,  testify  to  his  activity  and 
wide  interests. 

Markownikoff's  association  with  Kolbe  and  Erlenmeyer  early  led 
him  to  speculate  very  deeply  on  questions  of  isomerism  and  allied 
subjects;  ideas  of  this  kind  are  found  in  most  of  his  work,  and  con- 
sciously dominated  all  his  scientific  thought.  There  is,  as  usual  in 
such  cases,  some  difficulty  in  accurately  determining  the  true  share 
of  the  teacher  and  the  student.  The  theoretical  results  (1869)  on 
which  he  laid  chief  stress  as  his  most  important  contribution  to 
chemical  science  have  already  been  mentioned.  A  very  clear  state- 
ment of  them,  iu  his  own  words,  will  be  found  in  the  Co/nptts 
rendiis,  1875,  81,  668 — 671.  They  are  at  first  comprised  in  two 
rules : 

(1)  "  Lorsqu'  a  un  hydrocarbure  non  saturt',  renfermaot  des  atomes 
de  carbone  iuegalement  hydroguucs,  s'ajoute  un  acide  haloidhydrique, 
I'element  clectronegatif  se  fixe  sur  le  carbone  le  moins  hydi-ogene." 

(2)  "  Pour  le  cas  de  I'addition  des  hydiacidesaux  molecules  sat  urees, 
contenant  un  element  negatif  fixe  a  celui  de  ces  carbones  qui  est 
doublement  li^,  je  me  suis  permis  de  donner  comme  une  legle  que 
I'atome  de  lelemeut  negatif  d'un  hydracide  se  place  a  c6te  de  son 
pareil  qui  s'y  trouvait  deja." 

Subsequent  consideration,  and  a  note  of  warning  from  Henry, 

s  s  2 
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induced  him  to  reconsider  these  rules.  For  it  is  clear  that  the 
results  of  chemical  change  are  as  much  affected  by  conditions  as  the 
process  itself,  and  so  must  be  the  molecular  structure.  Hence  the 
two  rules  are  combined  together  into  the  following  more  perfect 
expression : 

"  Lorsqu'  k  une  molecule  non  satur^d  CnH„(X  b'ajoute  un  autre 
systeme  moleculaire  YZ  a  une  temperature  basse,  I'dlement  ou  le  groupe 
le  plus  negatif  Y  se  combine  avec  I'atome  de  c  ir  jone  le  moins  hydro- 
gene,  ou  avec  celui  qui  etait  dejk  en  liaisoa  dirtcte  avec  quelqu' element 
negatif ;  mais,  k  des  temperatures  comparative inent  plus  hautes,  c'est 
I'element  Z  qui  se  fixe  sur  le  carbone  le  moins  hydrogine,  c'est-k-dire 
que,  pour  les  mcmes  substances,  la  reaction  prend  une  marche  tout  k 
fait  opposee  a  la  premiere." 

One  sees  how  much  and  how  long  the  matter  remained  in  the 
mind  of  its  author,  and  how  characteristic  these  "  rules  "  are  of  his 
mental  atmosphere.  Although  we  cannot  assign  to  Markownikoff 
a  position  in  the  first  rank  of  original  thinkers  and  discoverers,  his 
name  will  always  be  associated  with  unremitting  industry,  honesty 
of  purpose,  and  integrity  of  record. 

Edmund  J.  Mills. 


LYON  PLAYFAIR. 

Born  May  21st,  1818;  Died  May  29th,  1898. 

By  the  death  of  Lord  Playfair  the  Society  lost  its  Senior  Past 
President,  and  the  last  survivor  of  the  seventy-five  who  had  founded 
the  Society  in  1841.  Such  a  time  must  come  in  the  history  of  every 
society  such  as  ours,  but  it  can  only  rarely  happen  that  such  a 
passing  away  from  our  midst  occurs  in  circumstances  so  pathetic  as 
with  us.  The  Society  had  hoped  to  entertain  at  a  banquet,  on 
June  9th,  1898,  no  fewer  than  seven  of  its  Past  Presidents  who 
had  been  on  the  roll  of  its  Fellows  for  half  a  century;  but  this  hope 
was  destined  to  be  blighted  by  the  somewhat  sudden  death  of  Lord 
Playfair  on  May  29th. 

Born  at  Mecrut,  in  Bengal,  on  May  21st,  1818,  Lyon  Playfair 
was  of  pure  Scottish  parentage,  his  mother  having  been  a  Miss 
Janet  Ross,  of  Edinburgli,  whilst  his  father,  Dr.  George  Playfair, 
Chief  Inspector-General  of  Hospitals  in  Bengal,  was  the  eldest  sou 
of  Jamos  Playfair,  Principal  of  the  United  Colleges  of  St.  Leonard 
and  St.  Salvator,  in  St.  Andrews.  To  this  old  University  city  of 
St.  Andrews  Lyon  and  his  elder  brother  George  were  sent  home  in 
1820  to  be  educated,  first  under  a  govoruoss,  then  at   the  parish 
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school,  of  which  he  always  spoke  highly,  then  at  the  Grammar  School, 
where  he  was  taught  "  Latin,  and  nothing  but  Latin."  At  the  age 
of  fourteen  he  was  sent  to  the  University,  and  whilst  there  at  this 
early  age,  both  he  and  his  brother  gave  indications  of  the  lines 
with  which  they  were  to  be  more  or  less  identified  in  after  life ; 
being  found  fault  with  by  their  mother  for  spending  so  much  time 
in  the  kitchen  one  day,  it  was  found  that  George  was  boiling  a 
sparrow  in  order  to  obtain  its  skeleton,  wliilsf  T.vnn  was  (MKU'Hvmir 
ing  to  prepare  sugar  from  beetroot. 

After  a  short  time  spent  in  the  office  uf  his  merchant  uuile, 
James  Playfair,  in  Glasgow,  we  find  him,  in  1835,  commencing  his 
medical  studies,  and  as  chemistry  was  already  his  favourite  pursuit, 
he  preferred  to  study  under  Thomas  Graham  at  the  Andersonian 
College  rather  than  at  Glasgow  University.  Two  of  his  fellow- 
students  at  this  time  were  destined  to  become  famous,  but  in  very 
different  ways;  one  was  David  Livingstone,  the  African  explorer 
and  missionary,  and  the  other  James  Young,  the  founder  of  the 
paraffin  industry  in  this  country.  When  Graham  left  Glasgow  to 
become  Professor  of  Chemistry  in  University  College,  Ixtndon,  Play- 
fair  went  to  Edinburgh  in  order  to  complete  his  medical  education. 
Illness,  however,  compelled  him  to  discontinue  the  study  of 
medicine,  so  his  father  advised  him  to  look  to  India  for  a  career 
as  others  of  his  family  had  done.  In  his  nineteenth  year  we  find 
him,  therefore,  once  more  in  India,  and  again  trying  a  mercantile 
career.  His  final  choice,  however,  was  about  to  be  made,  for  in 
1838,  when  Graham  appointed  him  his  private  assistant,  he  gave 
up  commerce  for  the  pursuit  of  science.  In  1839,  Graham  recom- 
mended him  to  go  to  Giessen  to  study  under  Liebig,  and  whilst 
there  he  published  his  first  scientific  paper  "  On  a  New  Fat  Acid 
from  the  Butter  of  Nutmegs";  this  acid  he  named  myristic  acid. 

Liebig  was  at  this  time  writing  his  '  Agricultural  Chemistry," 
and  arranged  with  Playfair  to  translate  it  into  English,  and  this  was 
done  almost  simultaneously  with  the  German.  As  Liebig  himself 
was  unable  to  come  over  to  the  meeting  of  the  British  Association 
in  Glasgow  in  1840,  Playfair  (who  had  been  appointed  one  of  the 
Secretaries  to  the  Chemical  Section),  along  with  Ettling,  Will,  and 
Varrentrapp,  came  to  the  meeting,  and  brought  Liebig's  views 
pi'ominently  forward. 

In  1841  he  became  chemical  manager  of  the  Primrose  Calico  Print- 
ing Works  at  Clitheroe,  and  there  obtained  experience  which  was  to 
be  of  the  highest  value  to  him  in  later  years.  Becoming  Honorary 
Professor  of  Chemistry  in  the  Royal  Institution  in  Manchester,  he 
soon  had  more  pupils  than  he  could  accommodate,  and  had  amongst 
the  visitors  at  his  lectures  the  veteran  John  Dalton.     The  offer  of 
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the  Professorship  of  Chemistry  at  Toronto  led  to  his  being  induced 
by  the  Prime  Minister  of  that  day,  Sir  Robert  Peel,  to  remain  in 
this  country,  and  in  1845  he  was  appointed  Chemist  to  the 
Geological  Survey.  He  began  his  work  as  such  in  a  small  laboratory 
in  Duke  Street,  "Westminster,  where  he  continued  his  well-known 
researches  (which  he  had  begun  in  Manchester),  along  with  Joule, 
on  the  atomic  volumes  of  salts ;  and  here  he  carried  out  his  research 
resulting  in  the  discovery  of  the  nitroprussides.  It  was  here,  also, 
he  had  two  assistants,  Kolbe  and  Frankland,  who  were  later  to  be 
well  known  to  fame. 

Fired  as  he  was  by  the  spirit  of  Liebig's  teaching  and  by  his 
own  enthusiasm  to  carry  on  research  in  chemistry  for  its  own  sake, 
and  imbued  as  he  was  with  the  great  importance  of  a  thorough 
training  in  the  laboratory  for  all  students  who  were  to  do  useful 
work  in  chemistry,  Playfair  was  not  to  be  allowed  to  do  much  along 
any  of  these  lines.  His  eminentFy  practical  mind  and  very  varied 
experience  marked  him  out  to  those  in  authority  as  pre-eminently 
fitted  to  carry  out,  on  a  large  scale,  the  investigation  of  various 
problems  which  were  prominently  before  the  public  at  this  time. 
For  example,  he  was  appointed  a  member  of  the  Royal  Commission 
of  1843  to  inquire  into  the  health  of  towns,  and  as  he  was  at  this 
time  still  in  Manchester,  he  took  as  his  district  the  County  of 
Lancashire;  and  from  the  ardent  way  in  which  he  threw  himself 
into  this  work,  he  was  before  long  recognised  as  a  leader  in  all 
matters  relating  to  the  improvement  of  the  public  health.  This 
work  was  followed  by  his  being  asked  by  the  Government  to  report 
on  the  state  of  Buckingham  Palace  and  of  Eton  College.  Then 
the  Board  of  Trade  wanted  a  report  on  graveyards,  and  analyses 
of  all  the  water  supplies  to  towns;  tlie  Admiralty  wanted  advice  as 
to  what  were  the  best  coals  for  steam  navigation.  This  involved 
an  investigation  of  the  composition  of  the  various  kinds  of  coal, 
their  calorific  values,  and  their  evaporative  powers  under  actual 
steam  boilers.  An  investigation  along  with  Do  La  Beche,  on  a 
disastrous  explosion  in  a  coal-mine  at  JaiTow,  led  to  his  carrying 
out  the  analyses  of  a  largo  number  of  samples  of  "  fire-damp."  The 
next  important  Royal  Commission  of  which  ho  was  a  moniber,  and 
one  which  led  to  juany  far  reaching  changes  politically,  was  that 
on  the  potato  disease  and  famine  in  Ireland  in  1845. 

One  very  important  and  famous  research,  undertaken  along  with 
Bunson,  in  1844,  at  the  instance  of  the  British  Association,  w.as 
that  on  the  chemical  operation  of  blast  furnac^es  in  the  manufaduro 
of  iron.  The  investigations  were  carried  out  near  Alfroton,  in 
Derbyshire,  on  blast  furnaces  belonging  to  Mr.  Oakes,  of  Riddings, 
whose  youngest  daughter  Playfair  married  two  yuars  later. 
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In  1848  he  was  elected  a  Fellow  of  the  Royal  Society,  and  in 
the  same  year  we  find  him  in  Paris,  acting  as  correspondent  to  the 
Daily  News  during  the  exciting  week  in  June. 

Evidence  had  all  along  been  growing  stronger  and  more  con- 
clusive that  Playfair's  greatest  sphere  of  usefulness  lay  mainly  in 
the  practical  application  of  science  to  the  numerous  requirements 
of  the  nation,  and  in  1850  he  became  associated  with  what  was  to 
be,  in  many  respects,  the  chief  work  of  his  lifetime.  Sir  Robert 
Peel  had  seen  much  of  him  in  connection  with  the  numerous  Royal 
Commissions  of  which  he  had  been  a  member,  and  with  the  various 
scientific  and  other  inquiries  he  had  carried  out  for  the  Government 
and  other  public  bodies.  He  discovered  that  Playfair  was  essen- 
tially a  practical  man  and  a  man  of  action,  who  was  endowed  with 
an  unusual  degree  of  tact,  clear-headedness,  and  knowledge  of  the 
world;  these,  combined  with  his  enthusiasm,  enabled  him  to  sur- 
mount and  triumph  over  difficulties  which  would  have  proved  too 
much  for  most  men.  It  was  the  possession  of  these  qualities  rather 
than  his  knowledge  of  science  in  general,  or  of  chemistry  in  par- 
ticular, which  marked  him  out  as  the  man  for  the  part  he  was  to 
play  in  the  organisation  of  the  Great  Exhibition  of  1851.  There 
can  be  no  doubt  that  Playfair's  experience  in  commercial  affairs 
and  his  knowledge  of  the  aims  and  the  difficulties  of  business 
men  generally  were  of  the  utmost  value  in  thoroughly  in- 
teresting manufacturers  of  all  kinds  of  products,  and  in 
bringing  home  to  them  the  advantages  which  would  accrue 
to  them  through  the  success  of  the  Exhibition.  Until 
Playfair  appeared  on  the  sqene  they  seem  to  have  been,  if 
not  actively  hostile,  at  least  quite  apathetic  as  a  body  towards  the 
Exhibition  and  its  aims.  How  great  a  success  the  Exhibition  was 
everyone  knows  now,  and  instead  of  being  a  financial  failure  it 
ended  with  the  handsome  profit  of  £186,000.  It  may  fairly  be 
claimed  for  Playfair  that  had  it  not  been  for  his  energy,  tact,  and 
business  capacity  it  would  have  been  far  otherwise.  From  the 
Exhibition  to  the  investment  of  the  profits  derived  therefrom,  and 
then  to  his  travels  on  the  Continent,  inspecting  methods  of  educa- 
tion, especially  with  regard  to  the  organisation  and  methods  of  im- 
parting technical  instruction  there,  to  his  lectures  on  Technical 
Education,  and  then  on  to  the  institution  of  the  Science  and 
Art  Department,  and  the  foundation  of  what  is  now  the  Victoria 
and  Albert  Museum,  the  sequence  is  natural  and  easily  understood. 
One  appointment  which  particularly  interests  us  is  his  election,  in 
1857,  as  President  of  the  Chemical  Society,  in  succession  to  Pro- 
fessor W.  Allen  Miller,  and  it  was  peculiarly  fitting  that  it  was 
during  his  tenure  of  office  that  the  Society  migrated  from  its  rooms 
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in  Cavendish  Square  to  its  first  set  of  rooms  in  Burlington  House, 
which  were  in  the  north-east  corner.  It  was  during  his  second  year 
of  office  that  Playfair  was  appointed  to  the  Professorship  of 
Chemistry  in  the  University  of  Edinburgh.  This  he  held  for  ten 
years,  setting  to  work  at  once  to  organise  and  develop  the  teaching 
of  practical  chemistry  especially.  Successful  as  he  was  in  this  it 
was  only  by  the  generous  expenditure  of  much  of  his  professorial 
income  that  he  was  able  to  convert  the  rooms  at  his  disposal  into 
really  useful  laboratories  for  teaching.  He  left  his  impress  not 
only  on  the  teaching  of  chemistry,  both  in  the  laboratory  and  by 
the  clearness  of  his  lectures,  but  also  by  the  system  of  stimulating 
earnest  work  amongst  the  students  throughout  all  the  university 
classes  by  the  method  of  awarding  university  medals  and  other 
prizes  in  each  class.  The  institution  of  degrees  in  science  was  also 
very  largely  due  to  his  initiative  and  influence. 

When,  in  1868,  members  of  Parliament  were  allocated  to  the 
Scottish  Universities,  Playfair  was  chosen  the  first  member  for  the 
Universities  of  Edinburgh  and  St.  Andrews,  a  seat  which  he  re- 
tained for  seventeen  years.  This  was  somewhat  remarkable, 
because,  himself  a  pronounced  Liberal  in  politics,  he  represented 
what  is,  and  has  always  been,  a  well-marked  Conservative  con- 
stituency. This  was  due  to  several  causes,  chiefly,  no  doubt,  to  his 
universally  recognised  services  to  the  cause  and  progi-ess  of  sound 
education  throughout  the  country,  but  also  in  no  small  measure 
to  his  popularity  as  a  Professor  in  the  University,  who  was  brought 
into  contact  with  large  classes  of  students.  But  in  1885,  recognising 
that  his  services  were  being  more  and  more  claimed  as  a  member 
of  the  Liberal  party,  he  withdrew  his  candidature  for  the  repre- 
sentation of  the  Universities,  and  was  elected  member  for  South 
Leeds,  which  constituency  he  continued  to  represent  until  1892, 
when,  on  the  recommendation  of  Mr.  Gladstone,  he  was  elevated  to 
the  peerage  under  the  style  of  Baron  Playfair  of  St.  Andrews.  In 
1883  he  was  appointed  a  Knight  Commander  of  the  Bath,  and  in 
1895  he  received  the  Order  of  the  Grand  Cross  of  the  Bath. 

Amongst  other  important  work  which  he  was  cliiefly  instrumental 
in  carrying  out  for  the  country,  although  not  of  especial  interest  to 
Fellows  of  the  Chemical  Society,  were  the  introduction  of  lialfponny 
postcards,  the  remodelling  of  the  C'ivil  Service,  known  as  "  Tlie  Play- 
fair Scheme,"  his  work  on  the  ('attle  Plague  Commission,  and  in 
organising  the  jury  department  of  the  18G2  Exhibition.  His  tenure 
of  the  office  of  Postmastor-Oeneral  in  1873  was  too  short  for  him  to 
leave  much  of  his  mark  there,  for  after  throe  months'  work  the 
Liberal  Oovernment  went  out  of  office. 

It  need  hardly  be  pointed  out  that  his  work  on  these  various 
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schemes  could  not  always  tend  to  the  increase  of  his  popularity,  for 
some  were  very  strenuously  opposed,  but  everyone  admitted  the 
honesty  of  purpose  pervading  all,  however  much  they  differed  from 
him. 

The  record  of  original  papers  standing  in  Playfair's  own  name 
in  the  Royal  Society's  catalogue  contains  the  names  of  twenty-seven 
papers,  of  which  that  on  the  nitroprussides  is  perhaps  the  most  im- 
portant. Other  papers  which  have  left  their  mark  on  the  progress 
of  science  were  those  with  Bunsen  on  the  chemistry  of  blast  furnaces, 
with  Joule  on  the  atomic  volume  of  salts,  and  with  J.  A.  Wanklyn 
on  a  method  of  determining  vapour  densities  at  temperatures  below 
the  boiling  points  of  the  substances. 

The  amount  of  original  work,  however,  which  Playfair  carried 
out  at  one  time  and  another  cannot  be  estimated  by  a  record 
such  as  that  just  given,  for  the  numerous  investigations  on  which 
he  was  almost  continually  engaged  embodied  an  enormous  amount 
of  work  really  original  in  the  strictest  sense,  and  demanding  .scien- 
tific qualities  of  the  highest  order. 

Playfair  was  three  times  married,  first  in  1846,  as  previovsly 
mentioned,  to  Miss  Margaret  Oakes,  daughter  of  Mr.  Oakes,  of 
Riddings  House,  near  Alfreton,  then  in  1857  to  Miss  J.  A.  Milling- 
ton,  and  thirdly,  in  October,  1878,  to  Miss  Edith  Russell,  of  Boston, 
U.S.A.,  now  Lady  Playfair,  who  survives  him,  along  with  his  only 
son,  George  James,  Lord  Playfair,  and  two  daughters. 

A.  Scott. 


ALEXANDER  WILLIAM    WILLIAMSON. 

Born  May  1st,  1824;  Died  May  6th,  1904. 

Alexander  William  Williamson  was  born  at  Wandsworth  on 
May  1,  1824.  His  father,  Alexander  Williamson,  who  came  to 
London  from  Elgin  as  a  boy,  married,  in  1820,  Antonia,  daughter 
of  William  McAndrew,  a  Scotchman  settled  in  Loudon  as  a 
merchant,  and  of  his  wife  Antonia  (born  Sykes),  an  English  lady. 
Mr.  Williamson  had  three  children:  Antonia  Helen,  born  in  1822, 
Alexander  William,  and  a  second  son,  James,  who  died  in  childhood. 
Antonia  married  a  Mr.  Clark,  and  died,  a  widow,  several  years 
before  her  brother.  She  combined  admirable  accomplishments  with 
much  force  of  character  and  intellectual  independence  with  great 
kindness  of  heart.  She  was  untiring  in  acts  of  well-considered  and 
persevering  benevolence.     Although  this  lady's  career  forms  no  part 
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of  the  subject  of  this  notice,  her  qualities  of  heart  and  mind  are 
not  without  interest  as  throwing  an  indirect  light  on  the  moral  and 
intellectual  characteristics  of  the  home  in  which  she  and  her 
illnstrious  brother  grew  up. 

As  a  child,  and  throughout  his  boyhood,  young  Williamson  had 
very  delicate  health.  The  weakness  showed  itself  most  obviously  in 
affections  of  the  eyes,  the  consequence  being  that  his  parents,  as  well 
as  the  medical  men  they  consulted,  were  misled  as  to  the  nature  of 
the  complaint.  Local  treatment  was  adopted,  but  it  only  aggra- 
vated the  evil,  and  it  was  not  until  he  was  about  sixteen  that  it  was 
fully  recognised  that  what  was  needed  was  to  let  the  eyes  alone  and 
build  up  the  general  health.  Eventually,  he  grew  up  to  vigorous 
manhood,  but  the  right  eye  was  permanently  useless,  and  the  left 
arm  had  very  little  power.  It  was  in  spite  of  these  serious  physical 
disadvantages  that  all  his  work  was  accomplished. 

Between  1825  and  1831,  Mrs.  Williamson  and  her  children  spent 
much  time  at  Brighton,  where  Mr.  Williamson,  at  that  time  a  clerk 
in  the  East  India  House,  paid  them  frequent  visits,  notwithstanding 
the  somewhat  long  coach-journey  each  way  which  such  visits  in- 
volved in  those  days.  Subsequently,  Mr.  Williamson  bought  a 
house  in  Wright's  Lane,  Kensington,  with  a  large  garden,  now  built 
over.  While  living  here  the  young  Williamsons  were  much  in  the 
company  of  James  Mill's  children.  John  Stuart,  the  eldest,  being 
older  than  the  future  chemist  by  eighteen  years,  to  say  nothing  of 
his  abnormally  early  intellectual  development,  can  hardly  have 
been  much  of  a  companion  for  the  sickly  boy.  Mill  was  Mr. 
Williamson's  superior  officer  at  the  East  India  House,  and  it  is  not 
an  unnatural  supposition  that  it  was  their  common  employment 
there  that  brought  them  acquainted.  However  this  may  be,  the  fact 
that  Mr.  Williamson  was  for  many  years  on  intimate  terms  with 
Mill  and  came  to  share,  to  a  great  extent,  his  opinions  on  religious, 
social,  and  educational  questions,  cannot  have  been  without 
influence  on  his  son's  mental  development,  seeing  that  he  was  thus 
brought  into  contact  with  the  innermost  circle  of  the  Utilitarians. 
Another  result  of  this  intimacy  was  that  Mr.  Williamson  became 
one  of  the  strenuous  band  of  educational  pioneers  and  reformers 
who,  in  182G,  founded  the  University  of  TiOiidon,  afterwards  Univer- 
sity College,  London,  tho  institution  with  which  his  son  was 
destined  to  be  so  long  and  closely  connected. 

In  or  about  184(\  Mr.  Williamson  retired  from  the  India  House 
on  a  pension.  He  soon  afterwards  gave  up  his  house  at  Kensiiigfon, 
and  ho  and  his  family  removed  to  the  Continent,  and  lived  for 
several  years  chiefly  in  Franco  and  Germany. 

In    1840,   young   Williamson   was  entered   as  a   student   of   the 
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University  of  Heidelberg.  His  father's  idea  was  that  he  should 
study  medicine,  and  with  tliis  view  ho  attended  Leopold  Gmelin's 
lectures  on  chemistry  and  those  of  Tiedemann  on  anatomy.  Very 
soon,  however,  be  announced  his  intention  of  becoming  a  chemist, 
an  announcement  which  was  by  no  means  favourably  received  by  his 
father,  to  whom  the  only  idea  wliich  it  conveyed  was  associated  with 
the  vision  of  a  shop  window  with  bright  lights  shining  through 
corpulent  blue  and  yellow  bottles.  However,  the  young  student 
was  eventually  able  to  explain  the  real  nature  of  his  ambition  and 
to  get  his  father's  sanction  to  the  course  of  study  he  proposed.  In 
this  ho  was  aided  by  Prof.  Gmelin,  who,  although  at  first  inclined 
to  think  the  lame  arm  and  the  loss  of  sight  of  one  eye  were  enough 
to  make  a  chemical  career  impossible,  was  so  much  impressed  by  the 
zeal  and  intelligence  of  his  pupil  that  ho  told  his  parents  he  would 
certainly  be  a  chemist. 

In  the  years  of  which  we  are  speaking,  Oiessen  was  the  centre  of 
chemical  activity,  in  a  sense  that  no  other  place  ever  was  either 
before  or  since.  The  Gies.sen  Laboratory  was  the  first  ever  built 
specially  for  th©  reception  of  students,  and  Liebig's  activity  and 
genius  and  wonderful  power  of  communicating  his  own  enthusiasm 
to  his  pupils  were  creating  a  new  era  in  chemical  training  and  in- 
vestigation. Thither  Williamson  went  in  April,  1844,  and  he 
remained  there  for  two  years,  living  in  the  house  of  Prof.  Hille- 
brand,  the  professor  of  philosophy.  In  his  first  semester,  besides 
working  at  chemistry,  he  attended  Bischoff's  lectures  on  physiology. 
In  writing  to  his  father,  he  speaks  of  the  "'  clear  and  impressive  " 
style  of  these  lectures,  which  were  delivered  at  seven  o'clock  in  the 
morning,  and  says,  "  I  get  up  every  morning  regularly  before  six 
without  being  called."  He  seems  to  have  been  somewhat  dis- 
appointed with  the  first  lecture  he  heard  from  Liebig,  finding  it 
"  rather  tedious  from  the  extreme  elementary  manner  in  which  he 
treated  it,  "  and  he  was  "  not  remarkably  pleased  with  his  delivery." 
His  stay  at  Giessen  seems  to  have  been  marked  by  great  industry : 
he  was  enthusiastically  interested  in  his  work,  and  alloweil  himself 
no  distraction  beyond  such  exercise,  chiefly  walking,  as  he  felt  to 
be  needful  for  his  health.  Now  and  then  he  took  part  in  a  "  pic- 
nic," and  very  occasionally  he  mentions  having  been  at  a  dance. 
He  was  impressed  by  the  earnestness  of  his  fellow-students  in  the 
laboratory,  and  speaks  of  them  as  being  "a  superior  class  from  the 
generality  of  Heidelberg  students,  being  come  here  from  all  quarters 
of  the  globe  for  scientific  purposes  and  devoting  themselves  to 
nothing  else."  He  continues,  "  the  chemists  are,  accordingly,  the 
principal  people  here,  and  are  generally  much  respected. '  Among 
Englishmen  who  were  at  Giessen  in  Williamson's  time  were  Hodges, 
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Blyth,  Walter  Cram,  Brodie,  and  Sheridan  Muspratt.  Anderson 
(of  Glasgow)  immediately  preceded  him  as  an  inmate  with  Prof. 
Hillebrand. 

His  work  at  Giessen  resulted  in  the  publication  by  Williamson 
of  his  first  contributions  to  science,  namely,  "  On  the  Decomposition 
of  Oxides  and  Salts  by  Chlorine,"  "  On  Ozone,"  and  "  On  the  Blue 
Compounds  of  Cyanogen  and  Iron,"  which  all  appeared  in  the 
Memoirs  and  Proceedings  of  the  Chemical  Society,  The  materials 
for  a  note  '•  On  the  Constitution  of  CEnanthol,"  published  after  he 
left  Giessen,  were  also  accumulated  there. 

In  connection  with  the  immense  number  of  investigators  whom 
Liebig  trained,  and  the  almost  countless  researches  that  issued  from 
his  laboratory,  it  is  of  some  interest  to  note,  as  an  indication  that 
these  results  were  not  attained  by  hurrying  his  pupils  on  pre- 
maturely to  original  work,  before  they  had  been  thoroughly  drilled 
in  routine  operations,  that  when  Williamson,  a  little  more  than  a 
month  after  his  arrival  at  Giessen,  proposed  to  examine  the  lower 
oxides  of  iodine,  Liebig  told  him  it  was  a  hopeless  task,  and  recom- 
mended him  to  do  some  ash  analyses  instead. 

A  subject  which  seems  to  have  occupied  much  of  Williamson's 
thought  during  his  first  year  at  Giessen  was  the  theory  of  galvanism, 
which,  as  set  forth  by  Gmelin,  he  considered  "  particularly  imper- 
fect, defective,  and  forced."  He  thought  out  and  put  on  paper  "  a 
system  which  seems  to  me  much  more  simple  and  natural."  In 
writing  to  his  parents  he  repeatedly  refers  to  electrical  experiments 
with  which  he  was  engaged,  and  in  April,  1845,  he  speaks  of  a 
paper  on  electricity  which  he  submitted  to  liiebig,  whose  reception  of 
it  was  much  more  favourable  than  he  had  expected,  "  for  it  was  the 
theory  of  Humphry  Davy  which  I  had  ventured  to  attack."  With 
Williamson's  concurrence,  Liebig  submitted  the  paper  to  Buff. 
Williamson  speaks  of  Buff  as  "  one  who  considers  as  indubitable  the 
fundamental  principles  which  I  deny,"  and  he  is  amusingly  warlike 
in  speaking  of  tlie  advantage  he  expects  to  derive  from  Buff's 
criticism :  "  My  theory  will  thus  undergo  from  one  personally 
friendly  to  me  the  searching  criticism  to  which  it  would  otherwise 
first  be  exposed  from  the  public,  and  I  shall  thus  be  enabled  before 
publication  to  become  better  acquainted  with  the  defence  of  my 
opponents  from  a  preliminary  skirmish.  I  shall  obtain  an  idea  of 
the  method  of  warfare  to  be  pursued,  and  shall  accordingly  be  able 
to  arrange  and  d ispo.se  my  forces  more  advantageously  for  the  battle 
than  would  otherwi.so  be  possible.  "  It  does  not  appear  that  this 
paper  to  which,  for  the  time  at  least,  Williamson  attached  so  much 
import,ance  was  ever  publisliod.  It  is  not  impossible  that  Liebig's 
favourable  reception  of  it  indicated  rather  frieuduhip  for  the  author 
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and  a  general  high  opinion  of  his  powers  than  agreement  with  the 
special  views  therein  set  forth.  Without  apparently  committing 
himself  on  the  scientific  question  involved,  he  praised  the  writer's 
language  and  style,  and  expressed  surprise  that  he  should  be  "  able 
to  write  in  such  a  manner  in  German." 

Williamson  was  naturally  highly  gratified  that,  in  the  course  of 
their  interview  about  the  electricity  paper,  Liebig  proposed  to  him 
that  he  should  take  the  degree  of  Doctor  of  Philosophy,  and  records, 
in  reference  to  the  particular  form  of  the  degree  suggested,  that  "  it 
is  an  honour  which,  as  I  hear,  Liebig  has  as  yet  conferred  only  on 
two  persons."  The  degree  seems  to  have  been  actually  conferred  in 
August. 

After  the  summer  of  1845,  Williamson  suspended  for  a  time  his 
chemical  studies  in  order  to  devote  himself  to  mathematics  and 
physics.  He  worked  at  the  former  under  Zamminer,  and  at  the 
latter  with  Buff,  who  accorded  him  special  facilities  and  gave  him 
access  to  the  Physical  Cabinet.  This  apparently  was  what  William 
son  meant  when  he  said  he  was  allowed  "  the  use  of  an  iusiitutiou 
to  which  no  student  in  Giessen  has  as  yet  been  allowe<l  access,  being 
only  intended  for  the  use  of  lecturers."  At  the  same  time  he 
attended,  five  times  a  week,  Hillebrand's  lectures  on  "  Literatur- 
geschichte  ";  these  were  given  in  the  evening,  and  "  profitably  filled 
up  an  hour  which  would  probably  otherwise  be  turned  to  little 
account." 

In  the  summer  of  1846  he  went  to  Paris,  and  stayed  there  for 
three  years.  His  chief  occupation  during  this  time  was  the  study 
of  advanced  mathematics.  John  Stuart  Mill  had  recommended 
Auguste  Comte  to  Mr.  Williamson,  senior,  as  the  first  man  in 
Europe  for  completing  a  scientific  education,  and  during  his  resi- 
dence in  Paris  Williamson  was  Comte's  pupil.  He  had  a  regular 
mathematical  lesson  three  times  a  week,  and  very  often  spent  his 
evenings  at  Comte's  house  with  him  and  his  disciples.  His  long 
and  intimate  association,  during  the  impressionable  years  of  early 
manhood,  with  such  a  man  as  Comte  cannot  have  been  without 
influence  on  his  subsequent  mental  characteristics,  and  it  is  possible 
that  such  an  influence  may  be  traced  in  a  certain  fondness  for 
generalities  that  Williamson  sometimes  showed,  and  in  occasional 
turns  of  phraseology. 

Notwithstanding  his  mathematical  studies,  his  mind  was  still 
occupied  with  chemistry.  He  set  up  a  laboratory  in  his  house  in 
Paris  (8  Rue  des  Francs  Bourgeois),  and  among  the  results  of  his 
work  succeeded  in  producing  urea  and  carbonic  acid  by  the  direct 
oxidation  of  an  amide.  These  experiments  were  embodied  in  a 
paper  which  he  read  to  the  Italian  Scientific  Congress  at  Venice  in 
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1847.  He  speaks  also  of  having  beeu  "  engaged  in  an  extensive 
research,  whose  object  is  to  elucidate  some  obscure,  though  funda- 
mental, chemical  phenomena,  my  views  on  which  were  suggested 
and  gradually  developed  by  my  former  studies."  At  about  the 
same  time  he  says  he  intends  to  "  go  on  with  a  research  on  the  laws 
of  chemical  action."  It  is  pei'haps  not  unlikely  that  these  investi- 
gations, which  do  not  seem  ever  to  have  been  published,  may  have 
referred  to  the  views  on  the  interchange  of  atoms  among  neighbour- 
ing molecules,  to  which  he  gave  emphatic  expression  a  year  or  two 
later. 

Early  in  1849,  Graham  made  Williamson's  acquaintance  in  Paris, 
and  encouraged  him  to  become  a  candidate  for  the  professorship 
of  analytical  and  j^ractical  chemistry  in  Univei'sity  College,  London, 
which  was  then  vacant  through  the  death  of  its  first  holder,  George 
Fownes.  He  applied  and  was  appointed,  and  entered  on  his  duties 
in  the  following  October. 

At  the  beginning  of  his  first  college  session,  Williamson  read 
himself  in  by  delivering  a  public  introductory  lecture  to  the  courses 
of  the  Faculty  of  Arts  and  Laws.  Of  this  lecture  it  is  perhaps  not 
unfair  to  say  that  the  best  part  of  it  was  the  title,  "  Develoj^ment  of 
Difference  the  Basis  of  Unity."  The  discourse  itself  is  disappoint- 
ing, and  mostly  consists  of  somewhat  obvious  generalities  set  forth 
with  a  philosophical  air,  but  coming  to  no  definite  point.  Graham 
kindly  congratulated  the  lecturer  on  his  musical  voice. 

Williamson's  first  few  years  at  University  College  constituted  a 
2:)eriod  of  remarkable  activity  and  productiveness.  The  first  session 
of  all  produced  his  memorable  paper  ou  etherification,  and  it  was 
soon  followed  by  valuable  papers  from  his  pupils :  among  the 
earliest,  Duffy  on  stearine  and  Wills  on  hcptylic  alcohol.  The 
session  1853 — 1854  was  particularly  fruitful,  and  furnished  no  less 
than  six  experimental  papers  by  himself  and  his  pupils.  At  this 
time  he  was  a  splendid  teacher,  always  in  the  laboratory,  going  from 
one  student  to  another,  arousing  and  maintaining  their  interest  in 
their  work,  and  ready  to  discuss  with  them  any  point  on  which 
they  sought  his  liclp.  Now  and  then,  when  Graham  was  obliged  to 
bo  absent,  Williamson  would  lecture  on  general  chemistry  in  his 
stead,  and  these  occasions  were  always  liailed  with  delight  by  some 
of  the  students  to  whcjm  he  seemed  to  bring  out  new  points  of 
interest  in  the  best-worn  subjects  by  tiic  freshness  of  his  treatment 
and  the  now  light  ho  would  throw  on  them.  In  the  laboratory,  he 
abounded  in  new  devices.  If  there  was  a  traditionally  established 
way  of  conducting  a  given  operation,  this  was  to  liim  rather  a  reason 
for  trying  a  new  pla«i  than  for  doing  it  in  the  old  way.  His  new 
methods   wore   perhaps   not   always   important   improvements,   but 
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they  at  least  had  the  effect  of  preventing  his  pupils  from  falling  into 
a  stereotyped  routine  and  thinking  that  because  a  thing  had  been 
done  in  one  way  before  it  could  never  be  done  in  any  other.  He 
would  never  admit  that  an  experimental  difficulty  was  insurmount- 
able :  "  If  you  know  clearly,"  he  would  say,  "  what  you  want  to  do, 
there  is  always  a  way  of  doing  it."  Kekule,  Odling,  and  Brodie 
were  constant  visitors,  and  in  the  talk  of  these  men  fn  Williamson's 
little  room  at  the  end  of  the  laboratory  the  seed  was  planted  of 
much  of  the  chemical  theory  of  the  day. 

Williamson's  great  achievement  was,  of  course,  the  theory  of 
etherification.  This  was  first  published  in  a  paper  read  before  the 
British  Association  at  Edinburgh  on  August  3,  1850,  and  after- 
wards printed  in  the  Phi/osop/iicat  Jloffazine,  1850,  [iii],  37, 
350 — 356.  A  further  publication  with  more  details  was  made  two 
years  later  in  the  Quarterly  Journal  of  the  Chemical  Society.  His 
leading  idea  in  undertaking  the  research,  of  which  these  papers  were 
the  outcome,  was,  starting  from  common  alcohol,  to  climb  up  to 
higher  terms  of  the  homologous  series.  With  this  view,  he  dissolved 
metallic  potassium  in  absolute  alcohol,  thus  replacing  one-sixth  of 
the  hydrogen  in  alcohol  by  potassium,  and  then  substituted  ethyl 
for  the  potassium  by  acting  on  the  potassium  compound  with  ethyl 
iodide.  The  resulting  product  was  a  substance  of  the  anticipated 
composition,  but  to  his  surprise,  instead  of  being  a  new  alcohol,  it 
was  nothing  more  than  common  ether.  The  explanation  which 
Williamson  himself  gave  of  this  result  now  seems  so  obvious  that  it 
requires  some  effort  to  see  that  an  explanation  was  needed,  but  at 
the  time  it  marked  a  step  of  immense  theoretical  importance. 

Up  to  the  date  with  which  we  are  concerned,  the  prevailing  ideas 
of  chemical  constitution  were  still  largely  influenced  by  the  notion 
of  binary  combination  which  grew  up  when  the  only  compounds 
that  were  at  all  familiarly  known  were  metallic  salts.  These  were 
regarded  as  secondary  compounds  formed  by  the  union  of  two 
primary  compounds,  a  metallic  oxide  and  an  (anhydrous)  acid. 
So-called  double  salts  were  looked  on  as  tertiary  compounds  formed 
by  the  combination  of  two  secondary  compounds.  Hydrated  acids 
and  bases  were  supposed  actually  to  contain  water,  which  might  be 
an  unavoidable,  but  was  a  non-essential,  constituent :  caustic  potash 
was  KO,Aq  (0  =  8);  sulphuric  acid  was  SO^.Aq.  In  the  same 
order  of  ideas,  ether  was  looked  on  as  oxide  of  ethyl,  CjHr,0,  and 
alcohol  as  the  hydrated  oxide,  C^HjO.HO  It  is  true  that  Laurent 
and  Gerhardt  had  advocated  the  view  that  the  molecules  of  these 
substances  must  both  contain  the  same  quantity  of  oxygen,  namely, 
one  atom  of  twice  the  commonly  accepted  mass;  but  their  argu- 
ments, which    were  to  a  great  extent  founded  on  considerations  of 
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molecular  volumes  in  the  state  of  vapour,  were  not  as  yet  widely 
accepted.  What  Williamson  did  was,  in  the  first  place,  to  show 
what  was  the  true  genetic  relation  between  ether  and  alcohol,  and 
to  prove,  by  a  process  which  came  as  near  to  an  absolute  demonstra- 
tion as  is  possible  in  relation  to  any  question  of  chemical  constitu- 
tion, that  the  formation  of  ether  from  alcohol  is  due,  not  to  the 
loss  of  the  elejnents  of  water,  but  to  the  substitution  of  the  group 
or  radicle  C^Hg  in  place  of  an  atom  of  hydrogen ;  that  the  molecules 
of  water,  alcohol,  and  ether  all  contain  the  same  quantity  of  oxygen ; 
and  that  these  three  substances  form  a  true  series  in  which  the 
relation  of  the  middle  term,  alcohol,  to  either  of  the  extremes  is  the 
same  as  that  of  the  other  extreme  term  to  it. 

He  showed,  in  the  second  place,  that  in  the  ordinary  process  of 
etherification  of  alcohol  by  sulphuric  acid  there  is  an  interchange  of 
the  group  CjH^  for  hydrogen  between  the  alcohol  and  the  acid,  first 
in  one  direction  and  then  in  the  other,  and  he  maintained  that  this 
is  only  a  particular  example  of  what  goes  on  in  liquids  in  all  cases 
— that,  in  fact,  the  molecules  of  a  liquid  are  not  structures  per- 
manently composed  of  the  same  individual  atoms,  but  that  they  are 
constantly  decomposed  and  reproduced  by  interchanging  atoms  with 
other  molecules.  If  the  interchanging  molecules  are  similar,  the 
results  of  the  exchange  of  atoms  are  similar  to  the  original  molecules ; 
but  if  molecules  of  different  kinds  are  present,  the  interchange  gives 
rise  to  new  combinations :  to  take  the  simplest  kind  of  case,  an  ex- 
change of  atoms  between  molecules  of  the  composition  AB  and 
molecules  CD  gives  rise  to  molecules  AD  and  CB,  which,  in  their 
turn,  reproduce  AB  and  CD.  There  are  thus  at  any  instant  mole- 
cules of  four  different  kinds  in  presence  of  each  other,  instead  of 
only  two,  and  the  apparently  constant  composition  of  a  finite  por- 
tion of  the  mixture  results  from  the  number  of  transformations 
which  take  place  in  one  direction  in  each  clement  of  time  being 
sensibly  equal  to  the  number  taking  place  in  the  opposite  direction. 

A  few  years  later,  Clausius  was  led  from  a  different  point  of  view 
to  similar  conclusions,  and,  as  is  well  known,  his  views  have  been 
developed  and  applied  to  the  explanation  of  a  great  variety  of 
phenomena  by  Arrhenius  and  others. 

In  1851,  the  year  after  the  first  publication  of  his  paper  on 
etherification,  Williamson  published  a  paper  "  On  the  Constitution 
of  Salts,"  in  which  he  worked  out  further  and  applied  to  a  great 
variety  of  cases  the  idea  already  employed  in  the  former  paper  when 
he  represented  the  molecules  of  water,  alcohol,  and  ether  as  con- 
stituted on  the  same  model:  -^0,  \i^}  C^H^"  ^'^°  keynote  of 
the  present  paper  was  given  in  the  following  sentences :  "  I  believe 
thai  throughout    inorganic    chemistry,   and    for    the    best-known 
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organic  compounds,  one  single  type  will  be  found  sufficient;  it  is 
that  of  water,  represented  as  containing  2  atoms  of  hydrog^en  to 

1  of  oxygen,  thus  ttO.      Iu  many  cases,  a  multiple  of  this  formula 

must  be  used,  and  we  shall  presently  see  how  we  thereby  get  an 
explanation  of  the  difference  between  monobasic  and  bibasic  acids 
.  .  .  ."  The  idea  of  the  water-type  set  forth  in  this  paper  was  imme- 
diately adopted  by  Gerhardt,  Odling,  Kekule,  and  many  of  the 
younger  chemists  of  the  time.  The  then  recent  discovery  of 
ethylamine  by  Wurtz,  and  Hofman's  discovery  of  diethylamine  and 
triethylamine  and  the  corresponding  derivatives  of  aniline,  bad 
made  chemists  familiar  with  the  idea  of  the  existence  of  a  consider- 
able number  of  compounds  the  properties  and  constitution  of  which 
wei-e  best  understood  by  regarding  them  as  being  built  up  on  the 
same  type  as  ammonia.  Williamson  pointed  out  that  the  mutual 
relations  of  a  still  larger  class  of  substances  could  be  elucidated  by 
considering  them  as  constituted  on  the  type  of  water.  The  idea  has 
since  become  so  familiar  that  no  further  illustration  is  required  in 
this  place. 

In  1854  he  communicatee!  to  the  Royal  Society  a  note  on  the 
action  of  pentachloride  of  phosphorus  on  sulphuric  acid,  the  chief 
result  of  which  was  a  chloro-hydrate  of  sulphuryl,  intermediate 
between  chloride  of  sulphurj'l  and  sulphuric  acid,  as  shown  by  the 
formulae : 

CI  ,     ^^  ^O 

^^?cr  ^^0'  ^^o ' 

Williamson  laid  stress  on  the  formation  of  this  substance  as  in- 
dicating the  bibasic  character  of  sulphuric  acid  which  was  not  at 
that  time  by  any  means  generally  recognised.  This  substance  is 
further  of  theoretical  interest  as  the  first  example  of  the  class  of 
compounds  recognised  as  being  derived  from  a  mured  type.  This 
mode  of  formulation  was  afterwards  very  much  employed  by  Kekule 
and  others  especially  to  represent  the  mutual  relationship  of 
organic  compounds. 

The  most  fundamental  point  of  chemical  theory  that  was  under 
discussion  during  the  years  we  have  been  speaking  of  was  the 
atomic  weight  of  oxygen,  or,  what  was  in  effect  the  same  thing, 
whether  a  molecule  of  water  contained  one  or  two  atoms  of  hydro- 
gen. No  question  of  chemical  constitution  could  be  raised  which 
did  not  directly  or  indirectly  involve  this  point,  and  it  may  be  fairly 
said  that  no  chemist  made  a  more  effective  contribution  towards  the 
decision  of  the  controversy,  in  the  way  that  has  long  been  univer- 
sally admitted,  than  did  Williamson  by  the  facts  and  arguments 
brought  forward  in  papers  we  have  been  considering. 
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In  1855  Graham  resigned  the  Chair  of  Chemistry  in  University 
College  on  being  appointed  Master  of  the  Mint,  and  Williamson  was 
appointed  to  succeed  him,  while  still  retaining  his  previous  Chair  of 
Analytical  and  Practical  Chemistry.  He  continued  to  hold  both 
appointments  until  1887,  when  he  retired  from  the  College.  He 
entered  upon  his  extended  duties  with  great  energy,  spending  much 
labour  and  money  on  the  preparation  and  illustration  of  his 
lectures,  and  he  induced  his  former  pupil.  Dr.  (now  Sir  Henry) 
Roscoe,  to  help  him  by  taking  for  the  first  session  the  office  of 
lecture-assistant. 

A  few  words  more  may  be  said  here  about  his  work  at  University 
College.  As  a  teacher  he  was  clear  and  impressive,  and,  although 
in  a  miscellaneous  class  largely  composed  of  medical  students  there 
were  naturally  always  a  good  many  whose  attendance  was  only  per- 
functory, those  who  wanted  to  learn  never  found  him  dull  or  unin- 
structive.  In  the  later  years  especially  his  time  was  much  in 
demand  by  outside  scientific  bodies — as  the  Chemical  and  Royal 
Societies,  the  British  Association,  the  Society  of  Telegraph 
Engineers  (now  Institution  of  Electrical  Engineers),  of  which  he 
was  one  of  the  founders,  the  University  of  London,  and  many  other 
organisations,  permanent  or  temporary,  besides  numberless  meetings 
and  committees  concerned  with  the  work  of  the  College  itself.  In 
the  latter  connection,  his  clearness  of  view  and  directness  in  advocat- 
ing what  he  considered  the  wise  and  right  coxirse  gave  him  great 
influence  with  his  colleagues  and  the  Council.  He  took  a  leading 
part  in  promoting  many  important  reforms  and  improvemonts  in 
the  work  and  organisation  of  the  College,  as,  for  example,  the  estab- 
lishment of  a  Faculty  of  Science  and  the  introduction  of  laboratory 
work  for  engineering  students,  thus  helping  to  inaugurate  a  new 
system  of  engineering  education,  which  was  soon  adopted  in 
every  engineering  school  of  the  country.  He  was  also  one  of  the 
foremost  in  promoting  the  institution  of  degrees  in  science  in  the 
University  of  I^ondon.  He  acted  as  an  examiner  for  the  University 
for  two  periods  of  five  years,  and  was  a  member  of  the  Senate  from 
1874. 

A  natural  result  of  such  occupations  was  that,  in  the  later  yeai's 
of  his  professorshij),  lie  was  obliged  to  entrust  the  detailed  super- 
vision of  his  laboratory  more  and  more  to  the  care  of  assistants. 

The  idea  of  interchange  of  atoms  between  niolcculos  in  contact 
with  cacli  other,  to  which  Williamson  gave  expression  in  his  paper 
on  etherification,  long  interested  him.  In  the  autumn  of  1856  he 
began  a  series  of  exporimonts  with  the  view  of  invest  igating  the  con- 
ditions that  influenced  llio  rate  of  cliangc  in  a  particular  ( aso.  The 
plan  of  the  first  experiments  was  to  expose  weighed  quantities  of 
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ethyl  chloride  to  prolonged  contact  with  aqueous  solutions  of  silver 
nitrate  of  known  concentrations  at  a  fixed  temperature,  and  to 
observe  the  quantities  of  silver  chloride  formed  in  measured  times. 
During  the  preparation  of  ethyl  chloride  for  these  experiments, 
which,  however,  were  never  completed,  he  was  severely  cut  and 
burned  about  the  face  by  an  explosion,  but,  fortunately,  was  not  per- 
manently injured. 

Soon  after  1860  he  became  much  interested  in  practical  applica- 
tions of  science,  and  for  several  years  he  had  sanguine  hopes  of 
eflfecting  important  improvements  in  the  steam  engine  by  the  use 
of  steam  under  very  high  pressure.  A  few  years  later,  he  bought  a 
piece  of  land  and  put  up  buildings  near  Willesden  Junction,  in- 
tending to  carry  on  there  various  chemical  processes  on  a  manufac- 
turing scale.  He  was  greatly  impressed  by  the  enormous  possibilities 
offered  by  Siemens's  regenerative  furnace,  and  this  led  to  his  taking 
an  active  part  in  the  Landore  Siemens  Steel  Company. 

In  conjunction  with  Dr.  W.  J.  Russell,  he  devised  a  proceas  for 
the  analysis  of  gases,  in  which  the  methods  of  allowing  for  changes 
of  pressure  and  temperature  were  greatly  simplifie<l.  The  general 
idea  was  to  place  close  to  the  tube  containing  the  gas  to  be 
measured,  so  as  to  be  at  the  same  temperature,  a  second  tube  con- 
taining a  constant  quantity  of  air  at  a  pressure  somewhat  less  than 
that  of  the  atmosphere,  and,  in  making  a  measurement,  fii-st,  by 
raising  or  lowering  this  tube,  to  bring  the  mercury  in  it  to  a  fixetl 
mark  and  so  the  air  to  a  fixed  volume;  then  to  raise  or  lower  the 
measuring  tube  so  as  to  bring  the  mercury  in  it  to  the  same  level  as 
that  in  the  air-tube.  It  is  easy  to  see  that  this  artifice  does  away 
with  the  necessity  for  knowing  the  actual  temperature  or  pressure 
of  the  gas  to  be  measure<l ;  for,  rememberin?  that,  for  a  given 
sensibly  perfect  gas,  the  quantity 

■J^ —  =  con.stant  x  mass  of  the  eras, 
273-1-/  ^ 

it  will  be  seen  that,  the  volume  of  the  fixed  quantity  of  air  being 
made  the  same  at  each  observation,  the  ratio  p/(273  + 1)  is  constant, 
and  applies  to  the  gas  under  examination  as  well  as  to  the  air; 
consequently,  the  mass  of  the  gas  is  proportional  to  its  volume. 

Another  suggestion  connected  with  chemical  calculations  relating 
to  gases  which  he  persistently  advocated  was  to  define  ''  one  volume  " 
of  a  gas  as  meaning  1119  litres  at  0°  and  under  a  pressure  of  7G  cm. 
mercury,  this  being  the  volume  under  the  conditions  named  of  1 
gi-am  of  hydrogen,  or  of  an  equivalent  quantity  of  any  other  nearly 
perfect  gas.     However  useful  such  a  convention  might  be,  it  be- 
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comes  unnecessary  if  it  is  kept  in  mind  that,  for  1  gram  of  any 
nearly  perfect  gas,  the  value  of  the  quantity 

pv        _    qrjq  J      ina«s  in  grams 
273  +  t  1  gram-equivalent 

in  nil  circumstances,  if  t  is  temperature  centigrade,  v  volume  in 
c.c,  and  p  pressure  in  centimetres  of  mercury.  This  is  the  one 
numerical  datum  relating  to  gases  that  it  is  useful  for  a  chemist  to 
remember. 

In  1865  Williamson  published,  through  the  Clarendon  Press,  an 
elementary  text-book  under  the  title  "  Chemistry  for  Students,"  a 
work  which  has  passed  through  several  editions.  The  aim  of  the 
book  is  thus  described  in  the  preface :  "  This  little  book  is  intended 
to  supply  to  students  of  chemistry  an  outline  of  the  most  interesting 
and  useful  facts  pertaining  to  the  science,  and  of  the  most  important 
ideas  that  have  been  got  from  a  study  of  those  facts. 

"  The  method  of  exposition  diffei's  from  that  which  is  adopted  in 
most  other  ti-eatises  of  Chemisti'y;  for  I  describe  and  compare  indi- 
vidual facts,  so  as  to  lead  the  mind  of  the  reader  towards  general 
principles,  instead  of  stating  general  principles  first  and  then  pro- 
ceeding to  illustrate  them  by  details." 

During  the  composition  of  this  book  he  was  led  to  consider  care- 
fully various  current  questions  of  chemical  terminology,  and,  besides 
embodying  his  conclusions  in  his  text,  he  made  them  the  subject  of 
a  paper  communicated  to  the  Chemical  Society.  The  points  chiefly 
insisted  on  in  this  paper  were  the  systematic  use  of  such  names  as 
.sodic  chloride,  ai'gentic  nitrate,  hydro-potassic  sulphate,  hydro- 
disodic  phosphate,  methylic  acetate,  and  the  like,  instead  of  chloride 
of  sodium,  <tc.,  and,  secondly,  the  application  of  the  name  ac'ul  to 
such  substances  as  CO^,  SO3,  N.p^,  ....  Ho  called  H2SO4  hydric 
sulphate,  lINOg  hydric  nitrate  ....  or  simply  sulphate,  nitrate,  &c. 

By  the  recommendation  of  Mr.  (now  Sir  Augustus)  Prevost,  who 
was  a  member  of  the  Council  of  Univei'sity  College,  London,  five 
young  Japanese  noblemen  were  put  under  Williamson's  care  by 
Mr.  Mathcson,  of  the  firm  of  Jardine,  Matheson  and  Co.  This  was 
in  November,  1863,  at  the  very  beginning  of  the  intercourse  between 
Japan  and  European  science.  These  young  nioji  loft  tlioir  own 
country  at  the  risk  of  their  lives  and  some  of  them  under  assumed 
names;  they  camo  to  England  to  make  a  systematic  study  of  Euro- 
pean science  and  civilisation,  and  they  could  hardly  have  met  with 
more  kindly  and  judicious  guidance;  and  supervision  than  they  re- 
ceived from  Williamson.  Three  of  them,  of  whom  the  well-known 
Marquis  Ito  was  one,  lived  in  his  house,  one  of  lliem  for  nearly  four 
years,  and  all  on  returning  to  Japan  attained  positions  of  influence 
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and  importance.  Two  or  three  years  later,  Prince  Satsuma  sent  over 
sixteen  more  young  men  to  study  under  Williamson's  direction; 
among  these  were  Mori  Arinori,  afterwards  Japanese  Minister  in 
Paris  and  London  successively;  Yoshida,  who  became  Envoy  Extra- 
ordinary to  Washington;  and  Sameshima,  who  died  in  Paris  as 
Charge  d'Affaires. 

In  many  respects,  Williamson  was  admirably  qualified  to  exercise 
a  beneficial  influence  on  the  band  of  earnest  young  inquirers  who 
were  put  under  his  care.  He  combined  strength  and  decision  of 
character  with  sound  judgment  and  much  kindliness  of  feeling,  and 
his  standard  of  personal  conduct  and  honour  was  uniformly  high, 
while  his  familiarity  with  the  life  of  France  and  Germany,  and 
with  many  of  the  leading  men  of  those  countries,  gave  him  a  wide 
outlook  and  a  freedom  from  mere  insular  prejudices. 

After  his  retirement  from  his  Professorship  in  1887,  Williamson 
went  to  live  at  Hindhead,  near  Haslemere,  where  he  built  himself 
a  house  and  interested  himself  in  farming.  He  only  rarely  came  to 
London  to  take  part  in  scientific  gatherings,  but  he  continued  for 
several  years  to  attend  to  the  duties  of  his  office  as  Chief  Gas 
Examiner  to  the  Board  of  Trade. 

This  notice  cannot  be  concluded  better  than  by  quoting  from 
Nature  (May  12,  1904)  a  few  lines  in  which  Dr.  T.  E.  Thorpe 
sketches  some  of  the  leading  points  of  Williamson's  mind  and 
character : 

"  Like  most  original  thinkers,  he  was  somewhat  tenacious  of 
opinions,  and  apt  to  be  dogmatic  in  their  utterance.  His  beliefs 
were  too  hardly  won  to  be  lightly  discarded.  But  although  at 
times  impatient  of  contradiction,  he  had  too  strong  a  regard  for 
truth,  was  too  sincere  and  broad-minded  a  man  to  persist  in  any 
opinion  if  its  unreasonableness  was  made  clear  to  him.  Like 
Carlyle,  his  philosophy  was  largely  swayed  by  his  emotions,  and,  like 
Carlyle's,  his  judgments  on  men  and  things  were  apt  to  be  tinctured 
by  the  mood  of  the  moment — a  fact  which  may  serve  to  account  for 
seeming  inconsistencies  in  their  expression. 

"  He  had  a  high  sense  of  duty,  and  of  the  responsibilities  of  his 
position  as  a  representative  man  of  science.  Although,  like  many 
strong  men,  fond  of  power,  he  was  in  no  sense  a  self-seeking  man, 
and  was  contemptuous  of  the  artifices  by  which  smaller  and  more 
ambitious  men  seek  to  gain  preferment." 

Williamson  married,  in  1855,  Emma,  third  daughter  of  Thomas 
Hewitt  Key,  F.R.S.,  Headmaster  of  University  College  School  and 
Professor  of  Comparative  Grammar  in  University  College.  He 
leaves  a  son.  Dr.  Oliver  Key  Williamson,  and  a  daughter,  who  is 
married  to  Dr.  A.  H.  Fison. 
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He  was  President  of  the  Chemical  Section  of  the  British  Associa- 
tion at  the  meeting  at  Newcastle  in  1863,  and  again  at  the  Jubilee 
Meeting  at  York  in  1881 ;  he  was  President  of  the  Association  at  the 
Bradford,  meeting  in  1873,  and  General  Treasurer  from  1874  to 
1891. 

He  was  elected  a  Fellow  of  the  Royal  Society  in  1855,  and  served 
three  times  on  the  Council;  he  received  a  Royal  Medal  in  1862,  and 
was  Foreign  Secretary  from  1873  to  1889. 

He  joined  the  Chemical  Society  in  1848,  and  was  President  from 
1863  to  1865,  and  again  from  1869  to  1871.  He  was  a  Correspond- 
ing Member  of  the  Academy  of  Sciences,  Paris,  a  member  of  the 
Berlin  Academy,  and  received  honorary  distinctions  from  many 
other  learned  bodies,  British  and  foreign. 

He  died  at  his  house,  High  Pitfold,  Hindhead,  on  May  6th,  1904. 

G.  Carey  Foster. 


LXI. — The  Resolution  of  Inactive  Glyceric  Acid  by 

Fermentation  and  by  Bruciyie. 

By  Percy  Faraday  Frankland  and  Edward  Done,  M.Sc. 

In  a  communication  by  C.  Neuberg  and  M.  Silbermann  "  On  d-  and 
^-Glyceric  Acid"  {Ber.,  1904,  37,  339),  these  authors  state  that  by  the 
action  of  lime  on  ci-glucuronic  acid  they  have  obtained  an  optically 
active  glyceric  acid,  the  anhydrous  barium  salt  of  which,  in  aqueous 
solution,  has  a  specific  rotation  [ajo  -f-17-l°,  which  thus  differs  most 
materially  from  that  of  the  enantiomorpbous  barium  salt  described 
many  years  ago  by  one  of  us  (P.  Frankland  and  Appleyard,  Trans., 
1893,  63,  299),  and  for  which  the  value  [ajlf  -  1001°  (anhydrous 
salt)  (c=  10)  was  given. 

Neuberg  and  Silbermann  further  support  the  new  value  found  by 
them  by  resolving  inactive  glyceric  acid  by  means  of  brucine  and 
obtaining  a  barium  salt  giving,  in  aqueous  solution,  [aju  -  17*38° 
(anhydrous  salt)  (c  — 7*704),  and  remark,  "Inasmuch  as  the  barium 
glycorate,  prepared  from  glucuronic  acid,  exhibits,  under  the  same  con- 
ditionK,  an  op|)08ito,  but  equally  large,  rotatory  power  ([o]o  -fl7"l°), 
there  can  be  no  doubt  as  to  the  purity  of  the  com])ound." 

The  close  coincidence  between  the  rotatory  values  found  by  thoni 
for  the  two  enantiomorpbous  barium  salts  was,  indeed,  calculated  to 
throw  the  gravest  doubt  not  only  on  the  previous  value  obtained  by 
J*,  rnitikhmd  and  Aj)ployar(l,  but  inforentially  on  the  optical  purity 
<»f  III!  the  numerous  derivatives  of  active  fermentation  glycei'ic  acid 
prepared  uud  tloscribod  by  P.  Kninkland  and  his  pupils. 
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The  necessity  of  further  investigatiug  these  cuuflictiiig  results  was 
the  more  cogent  as  Neuberg  and  Silbermanu  supplemented  the  descrip- 
tion of  their  experiments  by  the  remark  that  "  the  exiteriences  of 
recent  years  have  shown  that  the  prepjiration  of  optically  active  forms 
by  means  of  Ijiological  methods  frequently  affords  no  giuirantee  of  the 
purity  of  the  substances  in  <piestiou,  and  especially  not  of  complete 
freedom  from  the  racemic  body,"  a  statement  which  thus  attempts  to 
discredit  biological  methods  of  preparation  in  genei'al. 

With  a  view  to  testing  the  accuracy  of  the  plausible  experimental- 
results  and  sweeping  criticism  of  Neuberg  and  Silbermanu,  we  have 
been  obliged  to  undertake  the  minute  and  te«lious  investigation  re- 
corded in  the  present  jmper.  In  this  investigation  we  have  succeeded 
in  resolving  inactive  glyceric  acid  by  means  of  the  fractional  crystal- 
lisation of  the  brucine  salt,  and  the  i-esults  we  have  obtiiined  confirm 
the  substantial  accuracy  of  the  value  previously  given  by  P.  Frankland 
and  Appleyard  for  the  optical  activity  of  the  barium  salt.  The  clue, 
however,  to  the  much  higher  and  concordant  values  jor  both  barium 
salln  found  by  Neuberg  and  Silbermann  lias  only  just  been  furnished 
by  these  authors  at  the  end  of  a  jjaper  in  the  ZeiUchrift  fur  piiysw- 
loyiache  Chetuie,  19U5,  44,  146,  in  which  they  give  a  new  value  for  the 
anhydrous  barium  salt  of  /-glyceric  acid  [a]u  -f9-9"',  and  append  a 
foot-note,  in  diamond  type,  in  which  they  state  that  their  previous 
values  of  [a]„  -f-171'^  and  [a]u  -1738^  for  the  anhydrous  barium 
salts  of  I-  and  (/glyceric  acids,  respectively,  pi-ejiared  by  two  entii-ely 
different  methods,  were  erroneous  in  conse<juence  of  a  faulty  jwlari- 
meter  (displacement  of  the  zero  of  the  instrument). 

Inasmuch  as  the  erroneous  values  published  by  Neuberg  and  Silber- 
manu have,  through  the  long  delay  *  in  their  correction,  been  incor- 
porated in  Pi-ofessor  Pope's  summary  t  of  Stereochemistry  {Cheut.  Sue. 
Annual  Reporta  on  the  I'royress  of  CheinUtri/,  1904,  1,  137),  it  appears  to 
us  of  importivnce  that  the  experimental  details  on  which  the  quantita- 
tive values  for  the  optical  activity  of  the  derivatives  of  t^glyceric  acid 
depend  should  be  permanently  placed  on  i-ecord  to  prevent  confusion 
in  the  future. 

The  ielentity  which  we  have  proved  to  exist  between  the  rotation  of 
barium  (^glycerate  prepared  from  J-glyceric  acid  obtained  by  the 
fermentation  of  calcium  r-glycerate  by  means  of  the  Hacilltis  ethaceticus 
(Frankland  and  Frew),  and  that  of  barium  J-glycerate  prepared  from 
t/-glyceric  acid  obtained  by  resolution  of  r-glyceric  acid  by  means  of 

*  Tho  substance  of  the  results  obtaiued  iu  our  reiuvestigatiou  was  already 
privately  communicated  by  us  to  Dr.  Neuberg  on  May  10,  1904  ;  his  collection  iu 
the  Zeit.  phijsiol.  Chem.  is  dated  Feb.  10,  1905. 

t  In  this  summary  there  is  a  coufusiou  between  d-  ami  /-glyceric  acids.  It  should 
be  borne  iu  mind  that  the  (/-acid  gives  la.'vorotat»ry  salts,  the  /-acid  dextrorotatory 
salts. 

u  u  2 
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brucine,  should  further  once  and  for  all  dispose  of  the  allegations  as 
to  the  uncertainti/  of  the  biological  methods  of  preparing  optically  active 
compoutuls,  inasmuch  as  the  element  of  "  uncertainty  "  in  polarimetric 
values  is  to  be  sought  for  in  an  altogether  different  quarter. 

Experimental. 

Barium  di-Gly  cerate  from  Fermentation  d-Glyceric  Acid. 

The  fermentation  calcium  glycerate  (P.  Frankland  and  Frew,  Trans., 
1891,  59,  81  and  96),  which  was  employed  as  the  source  of  the 
rf-glyceric  acid,  gave  the  following  analytical  and  polarimetric  results  : 

I.  0-3533  gave  01674  CaSO^.     Ca=  1394. 
II.  0-3392     „     0-1611  CaSO^.     Ca=  13-97  per  cent. 

On  heating  until  constant  at  130°  : 

I.  0-2475  lost  0-0310.     H„0  =  12-52. 
II.  0-2768    „    00346.     H^0=  12-50. 
Ca(C3H50^)^,2H,0  requires  Ca=  13-98  ;  H.0  =  12-58  per  cent. 

An  aqueous  solution  gave 

ao  -2-343°,  <=  17°,  Z=  1-9984,  c  =  10-0072, 
[a]{r  -11-61°,  Ca(C3H,0,)„2H20, 

which  thus  agrees  with  the  value  previously  found  by  P.  Fraukland 
and  Appleyard  {loc.  cit.), 

[a]ir  -11-59°. 

For  the  preparation  of  the  barium  salt,  20  grams  of  the  above  active 
calcium  glycerate  were  dissolved  in  water  and  the  glyceric  acid 
liberated  by  the  addition  of  the  calculated  amount  of  oxalic  acid,  the 
precipitated  calcium  oxalate  being  removed  by  filtration.  To  the 
filtrate,  a  slight  excess  of  pui-e  baryta  was  added  and  carbon  dioxide 
passed  through  the  solution  to  saturation.  The  liijuid  was  concentrated 
almost  to  a  syrup,  and,  after  filtering  off  the  precipitated  barium 
carbonate,  poured  into  a  largo  volume  of  absolute  alcohol.  The 
barium  glycerate  separates  as  a  waxy  mass  which  gradually  hardens 
on  standing  for  several  days  in  contact  with  tho  alcohol.  A.  more 
crystalline  ])roduct  is  obtained  by  dissolving  tho  waxy  mass  in  a  very 
small  volume  of  water,  adding  absolute  alcohol  until  a  slight  turbidity 
appear«  in  tho  hot  solution,  when,  on  allowing  it  to  cool  wlowly,  the 
barium  Milt  separates  in  shining  plates. 

Tho  crystals,  after  being  air-dried  for  several  days,  gave  the  follow- 
ing rotation  in  a(]uoouh  soluiion  : 

a„  -1054°,  <-20°,  /-1-9964,  c-10, 
[ajr  -9-772",  Ha(C„H,0,)„2n,0. 
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The  rotation  was  also  taken  in  a  solution  of  about  the  same  concen- 
tration as  that  employed  by  Neuberg  and  Sill>ermann  (Ber.,  1904,  37, 
340): 

a„  -1-582°,  <  =  20°,;=  1-9984,  c  =  7-7024, 
[a]r  -  10-28°,  Ba(C,H,0^),.,2H,0. 

Another  specimen  of  the  barium  salt,  prepared  in  the  same  way  but 
recrystallised  three  times,  gave  : 

au  -1-959°,  <  =  20'',  /=  1-9984,  c  =  9-892, 
[a]r  -9-908°,  Ba(C3H^O,),,2H,0. 

-  10-93°  (for  the  anhydrous  salt). 

I.  0  3851  gave  02348  BaSO^.  Ba -35-89. 

II.  0-3960     „     0-2410  BaSO,.  Ba  =  35-83. 

III.  0-2728     „     0-1(558  BaSO^.  Ba  =  35-77. 

IV.  0-3900     „     0-2370  B.4S0^.  Ba  =  35  77  per  cent. 

On  heating  until  constant  at  1 30°  : 

I.  0-3365  lost  0-0310.     H,0  =  9-22. 
II.  0-4718    „    0-0435.     HjO  =  9-22. 
III.  0-4220    „    0-0380.     H,O  =  9  00. 
Ba(03H^O4)2,2H2O  requires  Ba  =  35-83  ;  H,0-9-39  per  cent. 

The  salt  was  also  heated  until  constant  at  130°  and  then  submitted 
to  analysis  : 

I.  0  3069  gave  02062  BaSO^.     Ba-  39-66. 

II.  0-4293     „     0-2883  BaSO^.     Ba  =  39-53. 

III.  0-3840     „     0-2580  BaSO^.     Ba  =  39-55. 

Ba(C3H-0^).,  requires  Ba  =  39  56  per  cent. 

These  figures  leave,  therefore,  no  doubt  as  to  the  chemical  purity  of 
the  barium  salt  obtained  from  the  fermentation  of  calcium  glycerate, 
whilst  the  specific  rotation,  although  substantially  similar  to  that  pre- 
viously found  by  P.  Fi-ankland  and  Appleyard,  is  a  little  higher, 
probably  in  consequence  of  the  greater  purity  of  the  barium  salt, 
which  had  not  before  been  obtained  in  such  a  perfectly  crystalline 
condition. 

Attempt  to  further  resolve   by   means   of  Brucine  the    Active  Glyceric 
Acid  obtained  by  Fermentation. 

First  Experiment. — To  a  solution  containing  33  grams  of  brucine, 
dissolved  in  the  least  possible  quantity  of  hot  ethyl  alcohol,  were 
added  7  grams  of  active  glyceric  acid.  On  standing  for  24  hours,  only 
a  few  nodules  had  separated,  but,  on  stirring,  a  large  quantity  of 
brucine   salt  was  precipitated.     The  latter  was  twice   recrystallised 
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from  absolute  alcohol,  then  dissolved  in  the  least  possible  quantity  of 
water  and  decomposed  with  a  slight  excess  of  baryta.  After  standing 
overnight,  the  brucine  was  filtered  off  and  the  solution  repeatedly 
shaken  with  chloroform  to  remove  the  alkaloid  remaining  in  solution. 
The  liquid  was  then  saturated  with  carbon  dioxide,  concentrated,  and 
the  barium  carbonate  filtered  off.  The  barium  glycerate  was  precipi- 
tated with  alcohol,  and,  after  being  air-dried  for  several  days,  gave  the 
following  results  : 

I.  0-3700  gave  0-2262  BaSO^.     Ba  =  35-99. 
II.  0-3755     „     0-2293  BaSO^.     Ba  =  35-95. 

Ba(C3H.04)2,2H20  requires  Ba=  35-83  per  cent. 

The  rotation  in  aqueous  solution  was  : 

aT  -1-934°,  ;=  1-9984,  c- 10-0048, 
[a]r  -9-679°, 

-  10-68°  (for  the  anhydrous  salt). 

The  salt  was  then  recrystallised,  after  which : 

af;  -1-93.3°,  Z=  1-9984,  c  =  10-0248, 
[a]r  -9-656°, 

-  10-66°  (for  the  anhydrous  salt), 

//-  wa8  thus  evident  that  the  brticiiie  had  iiot  further  resolved  th«  active 
ijh/ceric  acid  ohiained  hj  the  fermentation  of  inactive  calcium  glycerate 
loith  the  Bacillus  etha^eticus. 

Second  Experiment. — This  was  carried  out  on  the  same  lines  as  the 
first,  but  with  no  less  than  20  grams  of  active  glyceric  acid  and 
88  grams  of  brucine.  The  brucine  salt  was  recrystixllised  four  times 
from  alcohol  under  the  precise  conditions  which  we  had  found  effective 
in  resolving  inactive  glyceric  acid  (see  p.  623).  The  barium  salt 
obtained  had,  however,  again  the  same  rotation  in  aqueous  solution. 
Thus : 

aiT  -1'589°,  Z=  1-9984,  c  =  8-2088, 
[a]r  -9-685", 

-  10-69°  (for  the  anhydrous  snll). 

Jtesolulion  of  Inactive  Clyceric  Acid,  by  means  qf  Brucine. 

First  Kxjieriinent. — Twenty-five  grams  of  inactive  glyceric  acid 
(Kahlljauin)  were  adde<l  (o  11(>  gi-ams  of  brucine  dissolved  in  the 
least  poKsibIn  amount  of  hot  absolute  alcohol.  After  standing,  for 
24  honrH,  the  brucine  salt  separated  on  stirring.  It  was  filtered  off 
and  ron-VHUil lined  four  tiuios  from  absobito  alcohol,  the  solution  oacVi 
time  l)oing  nllf)wed  t«)  ntnnd  overnight.  Tlie  salt  was  then  dissolved 
in  Water,  (hromjwHed  with  a  sliglit  excess  of   baryta,  and  the   further 
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purification  of  the  barium  salt  carried  out  as  already  described  ou 
p.  622.  The  air-dried  barium  salt  gave  the  following  rotation  in 
aqueous  solution : 

ai;'-l-983^   Z=  1-9984,    r- 9-9868. 
[a]-^'-9-938^ 

-  10-97°  (for  the  anhydrous  salt), 

Thu8  hy  means  of  brucine  a  resolution  of  the  inactive  glyceric  acid 
had  been  accompliahed,  and  llie  barium  $ait  prepared  from  t/ts  inore 
insoluble  of  t/ie  two  hrucine  glycerates  euchibited  practically  the  $ame 
8j)ecijlc  rotation  in  aqueous  solution  ( -  10-97°)  as  tJit  barium  aait 
(  -  10-93°)  prejxiredfroiii  tlie  active  fermentation  glyceric  acid. 

Second  Experiment. — In  this  case,  the  inactive  glyceric  acid  was 
obtained  from  80  grams  of  KahllMium's  inactive  calcium  glycerate  (this 
being  the  material  which  ha<l  always  been  used  in  the  preparation  of  the 
active  glyceric  acid  by  fermentation) ;  264gramsof  brucine  were  employed 
in  the  same  manner  as  described  above  (p.  622).  The  brucine  salt  was 
recrystallised  six  times  from  alcohol.  On  preparing  the  barium  salt, 
we  were  astonished  to  find  that  it  was  inactive  and  that  it  had  a 
distinctly  different  appearance  from  the  active  salt,  for  even  after 
recrystallisjvtion  it  could  not  be  obtained  in  shining  plates. 

Putting  aside  the  remote  possibility  that  the  calcium  glycerate  used 
was  not  really  glycerate  at  all,  two  explanations  of  this  anomalous 
result  suggested  themselves.  Either  in  consequence  of  the  accidental 
conditions  under  which  the  crystallisation  of  the  brucine  salt  took 
place  no  i-esolution  had  occurred,  or  racemisation  had  been  brought 
about  during  the  preparation  of  the  barium  salt. 

In  order  to  see  whether  concenti-ating  solutions  of  the  barium  salt 
led  to  racemisation,  we  evaporated  a  solution  of  active  barium 
glycerate  no  less  than  twelve  times  to  dryness  on  the  water-bath,  but 
found  that  no  racemisatioia  had  occurred,  whilst  in  order  to 
ascertain  whether  the  excess  of  baryta  might  exert  a  racemising  effect, 
we  evaporated  a  solution  of  active  barium  glycerate  with  excess  of 
baryta  several  times,  but  found  that  no  sensible  diminution  in  the 
rotatory  power  had  taken  place. 

We  concluded,  therefore,  that  the  failure  to  obtain  a  resolution 
must  have  been  due  to  accidental  conditions  (probably  of  temperature) 
prevailing  during  the  separation  of  the  brucine  salt. 

lliird  E.cpei'iment. — (Separation  of  brucine  glycerate  under  definite 
conditions  of  temperature.)  Thirty  grams  of  inactive  glyceric  acid 
obtained  from  inactive  calcium  glycerate  (Kahlbaum)  were  added  to  a 
satui'ivted  solution  of  132  grams  of  brucine  in  absolute  alcohol.  The 
beaker  containing  the  hot  solution  of  brucine  salt  was  placed  in  a 
large  water-bath  at  the  same  temperature,  the  surface  of  the  water  in 
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the  bath  being  at  the  same  level  as  that  of  the  liquid  in  the  beaker. 
The  whole  was  allowed  to  cool  down  together,  the  liquid  in  the  beaker 
being  stirred  every  five  minutes  to  prevent  the  formation  of  a  super- 
saturated solution. 

The  brucine  glycerate  was  in  this  way  recrystallised  four  times  :  oni 
the  first  two  occasions,  the  separation  took  place  between  20°  and  18°,. 
whilst  on  the  last  two  crystallisation  began  at  40°  but  the  tempera- 
ture was  not  allowed  to  fall  below  18°.  The  time  taken  over  each, 
crystallisation  was  four  hours,  and  during  the  night  the  brucine  salt 
was  always  left  on  a  porous  plate  to  pi'event  any  further  separation  of 
crystals  at  a  lower  temperature. 

The  air-dried  barium  salt  prepared  from  the  brucine  salt  gave  tha 
following  rotation  in  aqueous  solution  : 

a^- 1-917°,  Z=  1-9984,  c=  9-92, 
[a]r-9-67°, 

-  10*67°  (for  the  anhydrous  salt). 

The  failure  to  obtain  a  resolution  in  the  second  experiment  is  of 
special  interest  in  connection  with  the  recent  clear  exposition  by 
MeyerhofPer  {Ber.,  1904,  37,  2604)  of  the  temperature  conditions 
which  are  necessary  for  the  resolution  of  a  racemoid  acid  by  an  active 
base  or  of  a  racemoid  base  by  an  active  acid,  and  in  view  of  which  it 
is  very  important  that  the  precise  conditions  should  be  recorded  under 
which  such  resolutions  have  been  successful  or  the  reverse. 


Summary  of  Results. 

The  barium  salt  of  r^glyceric  acid  has  been  prepared  by  us  in  four 
different  ways,  and  the  several  products  have  yielded  the  following 
polarimetric  values  in  aqueous  solution  : 

I.  From  active  calcium  glycerate  (obtained  by  fermentation  with 
the  Bacillus  et/utceticus)  : 

c=  10-00,  [o]r  -  9-772°,  Ba(C8HjOJ2,2H20, 

-  1 0-78°  (anhydrous  salt). 
Another  specimen  gave  : 

0  =  9-892,  [a]S'   -9-908°,  Ra(C,n„0,)2,2n.,0, 
-  10-93"  (anhydrous  salt)" 

II.  From  active  calcium  glycerate  (obtained  by  the  fermentation 
method),  after  attempting  to  effect  further  resolution  by  means  of 
brucine  : 

c  -  10-0048,  L«ir  -  9-679°,  Ba(Cyrj(\),,2H.p, 

-  10-68°  (anhydrous  salt). 
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Another  specimen  gave : 

c  =  8-2088,  [aJiT    -  9-685°,  Ba(C,H50,),,2H,0, 
-10-69°  (anhydrous  salt). 

III.  From  inactive  glyceric  acid  (Kahlbaum),  by  resolution  with 
brucine  : 

c  =  9-9868,  [aJiT  -9-938°  l^{0.,M,p^)^,2Yi^O, 

-  10-97°  (anhydrous  salt). 

IV.  From  inactivo  calcium  glycerate  (Kahlbaum),  by  resolution  with 
brucine  : 

c  =  y-y2,  [a]tr   -9-67°,  Ba(C3H50,)j,2H,0, 

-  10-67°  (anhydrous  salt). 

These  results  conclusively  prove  that  the  active  fermentation  glyceric 
acid  of  P.  Frankland  and  Frew  is  pure  <^glyceric  acid  and  identical 
with  that  obtainable  by  the  resolution  of  inactive  glvf-eric  acid  with 
brucine. 

Chemical  Depaetmknt, 
The  University, 

Birmingham. 


LXII. — C-Phenyi-s-tnazole. 

By  Geobgk  Youno. 

In  a  previous  communication,  in  conjunction  with  Mr.  Gates  (Trans., 
1901,  70,  665),  I  described  the  preparation  of  3-phenyl-l-methyl-5- 

hydroxy-1  :2  :  4-triazole,  ••_,,    ^,^C'OH,and,on  heating  this  substance 
CPh'I^ 

with  phosphorus  pentasulphide,  a  product  was  obtained,  the  empirical 

formula  for  which  contained  CH.,  less  than  that  required  for  3-phenyl- 

1-methyl-s-triazole.     As  this  was  in  agreement  with  the  experience 

of   Andreocci   {Atti   B.  Accad.  Lineei,    1890,  [iv],  6,  ii,   209),  who 

NPh'N 
obtained  l-phenyl-3-methyl-l  :  2  :  4-triazole,     •       .  ^C*Me,  by  heat- 
ing l-phenyl-3  :  4-dimethyl-5-oxy-4  :  5-dihydro-l  :  2  :  4-triazole, 
NPh— N.   ^^. 

with  phosphorus  pentasulphide,  we  ascribed  to  our  product  the  con- 

stitution  of   (7-phenyl-«  triazole,    ii_.,    „^CH.      This    view    of    the 

CPh'N^ 
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constitution  is  now  con6rraed,  as  the   product  obtained  on  heating 

N— NH 

C-phenylhydroxys-triazole,    Wpi,  .-vr^^'^H    (Young    and   Witham, 

Trans.,  1900,  77,  226),  with  pentasulphide  is  found  to  be  identical 

with  the  substance  obtained  from  3- phenyl! -methyl-5-hydroxy-l  :  2  :  4- 

triazole. 

The  tfrm  s-triazole  is  used  in  this  paper  to  distinguish  the  triazole, 

NH'N  N N 

which  may  be  either    i  „.^^^CH  or   'i   ^  -^^_.^CH,  from    v-triazole, 

which  may  be  ^.^jj>CH  or   ii_^^>CH. 

It  is  worth  noting  that,  whereas  the  melting  point  of  1-phenyl- 

NPh'N 
1:2:  4-triazole,    i  „.  ^^>CH  (m.  p.  47° ;  Andreocci,  Ber.,   1892,  25, 

225),  follows  Wedekind's  rule  {Ber.,  1898,  31,  949)  for  the  effect  of 
substitutioD    on    the    melting  points  of  carbon-nitrogen  cyclic  com- 

N— NH 

pounds,  both  C-phenyl-«-triazole,    n      ^    ^CH  (m.  p.  119-5—120°; 

N N 

this  paper),  and  1-phenyl-l  :  3  :  4-triazole,    n  >CH  (m.  p.  121"  ; 

Pellizzaiiand  Massa,  Atti  R.  Accnd.  Lincei,  1901,  [v],  10,  i,  363),  melt 
at  almost  the  same  temperature  as  the  parent  substance,  s-triazole 
(m.  p.  120—121°  ;  Andreocci,  loc.  cit.). 


Experimental. 

C'-Phenylhydroxy-.s-triazolo  (6  grams)  was  intimately  mixed  with 
phosphorus  pentasulphide  (15  grams)  and  the  mixture  heated  in  an 
oil-bath  for  6  hours  at  230 — 250°.  The  product  was  boiled  with 
aqueous  potassium  carbonate  in  a  reflux  apparatus,  and,  after  cooling, 
was  extracted  repeatedly  with  ether.  The  ethereal  solution  was  then 
concentrated  until  crystallisation  commenced,  when,  on  cooling,  the 
residual  liquid  crystallised  to  a  mass  of  shining  plates  and  needles, 
which  molted  at  119—120". 

0-1825  gave  0-4420  CO.,  and  00809  HoO.     C  -  06-14  ;  H  -  492. 
0  1740     „      43  Oc.c.  moist  nitrogen  at  18° and  701  mm.     N  =  28  90. 
CVH7N3  requires  C  =  66-21  •  H-4-83;  N  =  28-97  por  cent. 

^/-Phenyl-«-triazole  was  readily  soluble  in  alcohol,  warm  other,  or 
lM»Dzene,  and  moderately  so  in  hot  water,  but  dissolved  only  to  a 
slight  oxtont  in  light  petroloum  ;  it  crystallised  from  water  in  clusters 
of  soft,  matted  ikhmUcs,  from  a  mixture  of  benzene  and  light  petroleum 
in  nodulnr  oggrogates  of  microBcopic  needlfs,  and  from  dilute  alcohol 
in  blender  necdleu.     It  melted  at  119-5 — 120°,  volatilised  in  shining 
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pliiteu  when  heated  over  its  melting  point,  and  was  slightly  volatile  in 
a  current  of  stetim. 

A  mixture  of  equal  parts  of  the  products  obtained  from  S-phenyl-l 
metbyl-5-hydroxy-l  :  2  :  4-triazole  and  from  ^'-phenylhydroxy  «-triazole 
respectively  melted  at  119 — 119-5'. 

Towards  aqueous  alkali  hydroxides  and  towards  silver  nitrate, 
C-phenyl-s  triazole  exhibited  the  behaviour  characteristic  of  those 
triazoles  in  wliich  the  .V-hydrogen  atom  is  not  substituted.  It  dis- 
solved in  dilute  aqueous  potassium  hydroxide  more  readily  than  in 
water,  and  was  reprecipitated  from  the  alkaline  solution  on  addition 
of  ammonium  acetate  and  expulsion  of  the  liberat«<1  ammonia  by 
gentle  warming.  When  treated  with  silver  nitrate  in  alcoholic  solu- 
tion, it  formed  the  additive  compound  of  silver  nitrate  and  the  silver 
derivative,  C^H,.N3Ag,AgN03,H.,0,  which  was  obtained  as  tx  white 
precipitate  from  which  H.,0  was  driven  off  at  110°. 

08 184,  at  110°,  lost  0-0352  H^O.     H3O  =  4-30. 

0  8184  gave  0-4024  Ag.     Ag=4917." 

C'.,H,,N3Ag,AgN03,H,0  requires  Ag  =  49-34;  H^0»411  percent. 

C-Phenyl  s-triazole  dissolved  readily  in  cold  dilute  or  in  warm  con- 
centrated hydrochloric  acid.  The  hijdrochloride,  which  crystallised  in 
slender  needles  on  cooling  the  solution  in  the  concentrated  acid, 
decompo.sed  on  drying  or  on  treatment  with  water.  On  adding 
platinic  chloride  to  the  solution  in  warm  concentrated  hydrochloric 
acid  and  cooling,  the  jjlatinichloride,  (C'^H-N3)j,H.,PtC],.,3H..O,  separ- 
ated in  yellowit-h-red  plates  containing  3  muls.  of  water  of  crystallisa- 
tion, which  were  driven  off  at  110^.  The  anhv i\ro\\i'  plttdnicUorid*' 
melted  and  decomposed  at  223\ 

1-2298,  at  110  ,  lost  00912  H.,0.     H..O  =  7-41. 
0-7730,  dried  at  110\  gave  0-2138  Vt.     Pt  =  27-60. 

(C8H-N3)..,H..PtCl^.,3H.,0  requires  H.,0-  716  per  cent. 

(0,H-N3);.,H>tCl,       ■         „  Pt  =  27-86       „ 

When  washed  with  water,  the  platinichloride  lost  2  mols.  of  hydro- 
chloric acid  and  was  converted  into  the  derivative, 

(C8H-N3),^PtCI„3H.30, 
which  is  of  a   lighter  yellow  colour.     This  salt   lost  3H.>0  at  110°, 
dissolved  in  aqueous  potassium  carbonate,  and  was  precipitated  un- 
changed from  this  solution  on  the  addition  of  hydrochloric  acid. 

0-6007,  at  110,  lost  00468  H.,0.     H.,()  =  7-79. 
0-5561,  dried  at  110°,  gave  0l'736  Pt."    Pt  =  31-22. 
05433,  precipitated  from  aqueous  potassium  carbonate  and  dried  at 
110\  gave  0-1699  Pt.     Pt  =  31-27. 

(C8H;N3).>,PtCI^,3HoO  requires  HoO-7-93  per  cent. 

(C3HlN3)o,PtCl^       "  „         Pt  =  3110        „ 
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The  acetyl  derivative,  CgHj.Ng'CgHgO,  was  obtained  by  boiling 
C-phenyl-s-triazole  with  acetic  anhydride  and  sodium  acetate  j  it  disr 
solved  readily  in  alcohol,  ether,  benzene,  or  warm  light  petroleum ; 
from  its  solution  in  the  last  solvent,  it  crystallised  in  feathery  aggre- 
gates of  slender  needles.  When  recrystallised  from  dilute  alcohol,  it 
formed  small,  white  needles  which  melted  at  90°.  It  was  easily 
hydrolysed  by  boiling  aqueous  potassium  carbonate  to  C-phenyl-s- 
triazole  melting  at  119—120°. 

0-2242  gave  43-2  c.c.  moist  nitrogen  at  1 5° and  754  mm.     N  =  22-38. 
C8H,.N3-C2H30  requires  N=  22-46  per  cent. 

The  carbamido-derivative  of  C-phenyl-s-triazole,  described  in  the 
previous  paper  (Trans.,  1901,  79,  665),  was  also  prepared  by  the 
action  of  potassium  cyanate  and  hydrochloric  acid  on  C-phenyls-ti-i- 
azole  obtained  from  C-phenylhydroxy-s-triazole.  After  solution  in 
benzene  and  precipitation  by  adding  light  petroleum,  it  melted  at  147°. 
The  analysis  shows  that  it  probably  contained  traces  of  unchanged 
phenyltriazole. 

0-1818  gave  03855  CO.^  and  00818  H.A     C  =  57-83;  H  =  4-09. 
CgHoNg-CO-NH;,  requires  C  =  57-44  ;  H  =  4-25  per  cent. 

The  carbamido-derivative  was  easily  hydrolysed  by  boiling  water  or 
by  cold  dilute  hydrochloric  acid  with  evolution  of  carbon  dioxide  and 
formation  of  phenyltriazole,  which  melted  at  119°. 


LXIII. — Isomeric  Salts  of  the  Ty/)e  NR1R2II3.  A  Correc- 
tion. Isome'ric  Forms  of  d-Bromo-  and  d-Chloro- 
camphorsulphonic  Acids. 

«      By  Frederic  Stanley  Kippino.    « 

TiiK  further  investigation  of  the  isomeric  a-  and  /S-salts  which  the 
author  obtained  by  combining  ci-a-bromo-  and  (Z-a-ehloro-camphor- 
sulphonic  acids  with  dl-  and  with  optically  active  ba-scs  such  as 
hydrindainino  (Trans.,  1900,  77,  801  et  seq.  ■  1903,  83,  873),  bonzyl- 
hy<lrin<lamino  (Kipping  and  Hall,  1'rans.,  1901,  79,  430),  mothyl- 
hydriiidainine  (Tattorsall  and  Kipping,  Trans.,  1903,  83,  918),  and 
/-niontliylaiiiinn  (Tutin  and  Kii)ping,  Trans.,  1904,  85,  65),  has 
brouglit  to  light  the  fact  that  tho  isoniorism  of  those  compounds  is  not 
dotcmiined  by  a  diiTeronco  in  the  arrangement  in  space  of  the  groups 
united  with  the  quinquevalcnt  nitrogen  atom  ;  the  suggested  oxplana- 
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tion  of  the  existence  of  these  isomerides,  therefore,  is  now  proved  to  be 
incorrect. 

In  one  of  the  most  i-ecent  j^tapers  on  this  subject  (Trans.,  1903,  83, 
937),  the  following  stateiuents  were  made :  the  /3-form  of  the 
^hydrin(^amine  salt  of  the  chloro-acid  gives,  with  concentrated  hydro- 
chloric acid,  crystals  of  the  hydrochloride  of  the  /-base,  and  when,  by 
adding  water  and  evaporating  several  times  to  expel  hydrochloric  acid, 
this  hydrochloride  is  reconverted  into  the  chlorocamphorsulphonate, 
the  original  yS/isomeride  is  recovered  unchange<l  {loc.  cit.,  p.  943). 
When,  however,  the  hydrochloride  obtained  from  the  /3/-form  of  the 
bromo-salt  is  converted  into  platinichloride  and  this  salt  is  separated 
from  the  bromo-acid  and  treated  with  hydrogen  sulphide,  the  re- 
generated hydrochloride  gives  with  the  ordinary  ammonium  salt  of  the 
bromo-acid  the  a-form  of  /-hydriudamine  bromocamphorsulphonate 
(loc.  cit,  p.  944). 

In  order  to  account  tor  this  transformation  of  the  /3-  into  the  a-salt, 
it  was  suggested  that  intramolecular  change  might  occur  during  the 
formation  and  decomposition  of  the  platinichloride  and  thus  the 
arrangement  of  the  groups  around  the  nitrogen  atom  might  be  modified. 
Even  at  the  time,  however,  this  suggestion  did  not  seem  to  be  a  very 
plausible  one,  and  it  was  stated  that  further  experiments  on  this  point 
would  be  made. 

Shortly  afterwards,  a  careful  investigation  of  the  d-bromocamphor- 
sulphonates  of  various  piperidine  derivatives  failed  to  reveal  the 
existence  of  isomeric  salts  (Barrowcliff  and  Kipping,  Trans.,  1903,  83, 
1141),and  experiments  on  the  d-bromo- and  c^chloro-camphorsulphonates 
of /-phenylethylamine  {loc.  cit.,  p.  1147)  also  led  to  negative  results; 
these  facts  seemed  to  afford  additional  and  absolutely  conclusive 
evidence  that  the  isomerism  of  the  hydrindamine  salts  was,  in  fact,  of 
the  nature  suggested  and  in  no  way  determined  by  the  occurrence  of 
isomeric  forms  of  the  bi'omo-  and  chloro-camphorsulphonic  acids. 

In  spite  of  this  apparently  convincing  evidence  of  the  homogeneity 
of  the  acids  in  question  and  also  of  the  further  fact  that  many  other 
workers  (Waldeu,  Pope,  Wedekind,  Lapworth,  Jones)  had  used  the 
o?-bromo-acid  without  obtaining  the  slightest  indication  of  the  presence 
of  an  isomeride,  a  fre.sh  investigation  of  this  acid  was  undertaken. 

Some  years  ago,  when  the  isomeric  hydrindamine  salts  were  first 
discovered,  the  ammonium  Salt,  prepared  from  the  "pure"  acid,*  had 
been  repeatedly  crystallised  and  examined  polarimetrically,  and  the 
aniline  salt  had  also  been  investigated,  but  both  appeared  to  be  homo- 
geneous ;  later,  in  crystallising  the  crude  ammonium  salt,  it  is  true 
that  a  small  quantity  of  a  salt  not  derived   from  (i-bromocamphor- 

•  Acid  which  had  been  obtained  from  the  "pure"  ammonium  salt  as  originally 
described  by  Kipping  and  Pope. 
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sulphonic  acid  was  isolated  by  the  author  from  the  last  mother  liquors, 
and  the  same  compound  was  discovered  and  studied  by  Harvey  and 
Lapworth  (Proc,  1902,  18,  142),  but  this  substance  was  easily  removed 
from  the  main  pi'oduct  and  could  not  be  contained  in  the  purified  salt 
ordinarily  used  for  the  preparation  of  the  acid. 

In  a  much  more  recent  investigation  of  this  ammonium  d-bromo- 
camphorsulphonate,  the  results  of  which  have  not  hitherto  been 
recorded,  a  large  quantity  of  the  salt  was  first  purified  by  two  or  three 
crystallisations,  and  was  then  separated  into  a  number  of  fractions  by 
crystallising  it  systematically  from  water  ;  the  first  and  last  of  these, 
when  examined  polarimetrically  in  2  5  per  cent,  aqueous  solution,  gave 
[all,  83-6°=  [M]u  275°  and  [a]o  83-8''=  [M]o  275-6°  respectively.  The 
salt  was  then  decomposed  with  baryta,  the  ammonia  expelled,  the  acid 
prepared  from  the  barium  salt  and  again  neutralised  with  ammonia  ; 
the  whole  of  this  specimen  of  ammonium  salt  was  then  systematically 
crystallised  and  separated  into  eight  fractions,  each  of  which  had  been 
crystallised  several  times ;  the  first  and  last,  when  examined  optically 
in  2*5  per  cent,  aqueous  solution,  gave  [tt]B  +  84'6°  =  [M]o  278"  (also 
[a]u  85°  =  [M]d  279°)  and  [a]u  8'i-8°  =  [M]u  278-5°  respectively. 

In  these  experiments,  therefore,  in  which  the  acid  had  been  submitted 
to  almost  exactly  the  same  treatment  as  in  those  which  were  used  in  the 
study  of  the  isomeric  hydrindamine  salts  {"  Regeneration  of  the  Salts," 
compare  Trans.,  1903,  83,  884  et  seq.),  the  greatest  observed  diffei'ence 
in  molecular  rotation  was  4°,  which  is  well  within  the  limits  of 
exjierimental  error  ;  in  the  case  of  the  a^  and  /SMiydrindamine  salts, 
the  difference  was  found  to  be  90°  [loc.  cU.,  p.  944). 

The  study  of  the  c/»-7r-camphanates  of  d-  and  of  Z-hydrindamine,  which 
had  also  been  in  progress  in  the  meantime,  only  served  to  confirm  the 
conclusion  that  the  existence  of  the  isomeric  salts  was  independent  of 
any  isomerism  of  the  bromo-  and  chloro-camphorsul})honic  acids. 

CV»-7r-camphauic  acid  (Trans.,  1896,  60,  943)  is  a  substance  so  easily 
identified  by  its  highly  characteristic  crystalline  character  that  any 
appreciable  (juantity  of  an  isomeride  or  impurity  in  this  substance 
could  hardly  escape  immediate  detection,  and  yet  this  acid  gave  with 
c/^ hydrindamine  approximately  ecpial  (juantities  of  isomeric  partially 
raceuiic  salts  (Trans.,  1898,  73,  903),  both  of  which,  when  decomposed 
with  hydrochloric  acid,  gave  the  characteristic  crystals  of  cis-ir- 
catiipiianic  acid. 

Further,  it  was  found  (Proc,  1903, 19,  286)  that  the  salt  obtained  by 
cotubining  C(<r-n--camphaDic  acid  with  pure  (/-hydrindamine  is  a  mixture, 
an  in  also  that  obtained  from  the  corresponding  ^base,  and  that  these 
compoundM  are  not  identical  with  the  Halts  previously  described  as 
partially  racemic. 

ileuce  the  fornialiou    uf  inomuric  conqMnnuls,  appui'iMitly  analogous 


A   CORRECTION.  631 

to  those  derived  from  the  bromo-  and  chloro-acids,  seemed  to  be 
definitely  established,  and  as  there  is  so  little  relationship  between  the 
sulplionic  acids  on  the  one  hand  aud  cw-jr-camphaaic  acid  on  the  other, 
the  fact  that  isomerides  were  obtained  from  both  seemed  to  exclude 
the  possibility  of  this  being  due  to  any  peculiarity  of  the  acids 
themselves. 

It  will  perhaps  be  aduiitted  that  a  critical  considenition  of  the  whole 
of  the  evidence — only  jmrt  of  which  has  been  referred  to  very  briefly — 
pointed  strongly  to  the  conclusion  that  the  isomerism  of  these  isalts  was 
caused  by  a  difference  in  the  arrangement  of  the  groups  around  the 
nitrogen  atom  ;  a  great  array  of  exi»erimental  data  could  be  ijuoted 
in  favour  of  this  view,*  whereaH  only  one  fact  of  importance  could  be 
brought  forward  against  it,  namely,  that  the  molecular  rotations  of  the 
bromo-  and  cliloro-salts  (not,  however,  those  of  the  c-«"<*-ir  camphanatet*) 
were  abnormal ;  even  this  fact  seemed  to  have  little  beai'ing  on  the 
possible  existence  of  isomeric  acids,  as  the  molecular  rotations  of  the 
/i-salts  of  the  bromo-acid  were  loimr,  those  of  the  /3-salts  of  the  chloi-o- 
acid  higher,  than  the  "  normal  "  values  obtained  lav  the  compounds  of 
the  a-series. 

The  discovery  of  the  true  course  of  the  isomerism  in  the  case  of  the 
halogensulphonic  acids  was  made  during  some  i-ecent  attempts  to 
transform  /SMiydrindamine  bromocamphorsulphonate  into  the  /3/- 
chlorocamphorsulphonate.  The  first  named  salt  was  gently  warmed 
with  excess  of  concentrated  hydrochloric  acid  ;  the  solution  was  then 
left  at  the  ordinary  temperature  to  crystallise  and  the  precipitated  hydro- 
chloride seimrated.  The  filtrate  from  this  salt  was  then  repeatedly 
evaporated  with  water  to  expel  hydrochloric  acid,  and  the  solution, 
which  now  contained  hydrindamine  bromocamphorsulphonate,  mixed 
with  excess  of  the  bromo-acid,  left  to  crystallise ;  the  bromo-salt  thus 
obtiiined,  which  had  doubtless  been  in  part  produced -from  the  hydro- 
chloride, had  a  specific  i-otation  [a]D  +  38-5°  in  two  per  cent,  aqueous 
solution,  and  consisted  therefore  of  the  original  ^/-isomeride  in  a  pure 
condition  {loc.  cit.,  p.  i>97).  The  crystals  of  the  hydrochloride  which  liad 
been  separated  wei-e  now  repeatedly  evaporated  with  chlorocamphor- 
sulphonic  acid,  in  the  expectation  of  obtaining  the  yS/chloro-salt,  but 
on  crystallising  the  residue  from  water,  the  oZ-chloro-salt  was  obtained, 
apparently  (not  really)  free  from  ^/-isomeride. 

At  fiist,  it  seemed  possible  that  the  /3^bromo-salt  might  correspond 
with  the  a/-chloro-salt,  these  being  the  isomerides  having  the  lower 

*  Aschan  {Zeit.  physikal.  C/tem.,  1903,  46,  293),  discussing  the  author's  work, 
writes  as  follows  :  Dagegeu  habtii  die  von  Kipping  und  seinen  Schuleru  iiber  das 
llydrindamin  und  eiuige  andere,  gleich  konstituierte  Bastn  ausgeliihrten  bemer- 
kenswerten  Untei-suchungen  eutschieden  zu  deni  Schluss  gefiihrt,  dass  Verbindungeu 
dcs  Typus  Nujbc  stereoisomer  aul'trelen  kouueu. 
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molecular  rotations,  in  which  case  the  ac?-bromo-salt  should  give  the 
/8^-chloro-salt  when  treated  in  the  manner  just  indicated  ;  experiment, 
however,  showed  that  this  was  not  so,  and  that  all  the  salts  of  the  yS- 
series,  as  well  as  those  of  the  a-series,  when  transformed  into  the  hydro- 
chlorides and  then  treated  with  bromo-  or  chloro-camphorsulphonic 
acid,  or  the  corresponding  ammonium  salt,  gave  invariably  the  isomeride 
of  the  a-series  as  the  main  product. 

Here  then  was  the  clue  to  the  mystery.  The  hydrochloride  prepared 
from  a  )8-salt  gives  the  a-salt  when  it  is  treated  with  bromocamplior- 
sulphonic  acid  from  a  bottle  ;  when,  however,  it  is  evaporated  with  the 
bromo-acid  which  the  /5-salt  originally  contained,  it  yields  the  pure  ^- 
salt. 

There  are,  therefore,  two  isomeric  c^-bromocamphorsulphonic  acids, 
one  of  which  is  contained  in  the  a-salts  and  in  ordinary  ammonium 
c?-bromocamphorsulphonate,  the  other  in  the  hydrindamine  salts  of  the 
/8-series. 

That  this  is  so  was  further  established  by  the  following  experi- 
ment :  a  sample  of  pure  /8^-hydrindamine  bromocamphorsulphonate 
was  treated  with  concentrated  hydrochloric  acid,  the  precipitated  hydro- 
chloride separated,  the  filtrate  evaporated  several  times  with  water, 
then  diluted,  and  left  for  some  hours ;  after  separating  the  crystals  of 
the  fil-saXt  which  had  escaped  decomposition,  the  solution,  which  con- 
tained the  liberated  bromocamphorsulphonic  acid,  was  treated  with 
d^-hydrindamine  hydrochloride.  The  salt  slowly  deposited  from  this 
solution  was  free  from  the  a-modification  of  the  partially  racemic 
salt,  a  fact  which  proved  that  the  acid  could  not  have  been  ordinary 
d-bromocamphorsulphonic  acid  ;  the  salt  consisted,  in  fact,  of  small, 
well-defined  prisms,  indistinguishable  by  inspection  from  those  of  the 
partially  racemic  ^-salt  and  doubtless  almost  identical  with  those  of 
the  synthetical  partially  racemic  /?-salt  recently  described  (Trans., 
1903,  83,  900). 

The  ci-bromo-acid  contained  in  the  /S^hydrindaraine  salt  and  set 
free  from  it  by  hydrochloric  acid  is  therefore  different  from  the 
(/-broino-ucid  obtained  fi*om  the  same  salt  by  first  treating  with  baryta 
and  then  decomj)osing  the  barium  salt  with  dilute  sulphuric  acid. 

Now  the  possibility  of  the  existence  of  isomeric  d-bromocamphor- 
Hulphonic  acids  had  been  under  consideration  from  the  veiy  commence- 
ment, and  in  tl»o  first  i)aper  on  those  isomeric  salts  this  (juostion  was 
discussed  at  Home  lotigth  and  many  experiments  were  made  in  order 
to  try  and  decide  it  (Trans.,  1900,  77,  877—882).  The  possibility  of 
koto-ouolic  tautomorism  in  the  group 

-CHBr  _^  -CBr 

-00  ^-      -coil' 
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was  considered  especially,  examined  experimentally,  and  rejected ; 
that  of  the  existence  of  stable  isomeric  acids,  represented  by  the 
configurations 

H— C— Br  Bi — (^— H 


/Vl  a°<J  /fi 

o  o 

was  also  discussed  and  dismissed,  partly  from  theoretical  conftidera- 
tions  based  on  the  known  behaviour  of  ordinary  cis-  and  /roTW-modi- 
fications,but  principally,  no  doubt,  because  the  acid  actually  obtained  from 
the  a-salt  was  found  to  be  identical  with  that  prepared  from  the 
)8-isomeride.  The  new  facts  just  mentioned  rendered  it  necessary, 
of  course,  to  reconsider  these  possibilities,  and  it  may  now  be  taken 
as  proved  that  the  existence  of  structurally  isomeric  acids,  convertible 
one  into  the  other  under  particular  conditions,  but  otherwise  ex- 
tremely stable,  is  the  true  explanation  of  the  existence  of  the 
isomeric  a-  and  ^-salts.  (2-Bromocamphorsulphonic  acid  and  the  corre- 
sponding (i-chloro  compound  exist  then  in  two  stable  forms  ;  the  acids 
contained  in  the  /8-salts  may  be  named  /3-  or  wo-J  bromo-  and  fi-  or 
MO^chloro-camphorsulphonic  acids  respectively,  the  components  of  the 
a-salts  being  referred  to  as  the  a-  or  normal  forms.* 

These  t60-acids  and  the  normal  forms  are  stable  in  aqueous  solution, 
and  in  presence  of  hydrochloric  acid  even  at  100^ ;  they  are  also  stable 
in  neutral  or  acid  solutions  of  their  salts  at  100°.  In  presence  of 
free  base,  however,  such  as  caustic  potash,  baryta,  sodium  carbonate, 
hydrindamine,  *fec.,  a  small  proportion  of  the  normal  acid  is  trans- 
formed into  the  wo-form,  whereas  under  the  same  conditions  the  latter 
is  almost  entirely  converted  into  the  normal  form.  The  condition  of 
equilibrium  seems  to  be  attained  when  about  90 — 95  per  cent,  of  the 
acid  is  present  in  the  normal  form  ;  if,  however,  the  salt  of  the  yS-  or 
wo-form  is  evaporated  with  a  solution  of  the  free  base,  it  is  almost 
entirely  transformed  into  the  more  sparingly  soluble  salt  of  the  a-  or 
normal  acid. 

The  question  next  arises,  what  is  the  relationship  between  these 
isomeric  forms  of  the  sulphonic  acids  ]  In  the  author's  opinion,  neither 
of  the  isomerides  represents  the  enolic  modification,  because  neither  the 
a-  nor  the  /3-hydrindamine  salt  gives  a  coloration  with  ferric  chloride 
or  interacts  with  phenylcarbimide  (Trans.,  1900,  77,  881).  Also 
because  a-bromocamphor,  from  which  the  bromo-sulphooic  acid  is 
derived,  does  not  give  a  benzoyl  derivative  when  shaken  with  benzoic 
chloride  in  alkaline  solution  ;  experiments  recently  made  by  the  author 

*  The  acids  here  named  the  /3-  or  iso-acids  for  the  sake  of  clearness  should  be 
indexed  under  the  names  do'-chloro-  and  da'-bromo-camphorsulphonic  acid  respec- 
tively, as  they  are  a-  and  not  ^-derivatives  of  camphor. 

VOL.   LXXXVII.  X    X 
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with  the  object  of  preparing  such  derivatives  of  a-bromocamphor  and 
of  camphor  gave  indubitably  negative  results.  Further,  because 
camphor-TT-sulphonic  acid  and  Reychler's  camphorsulphonic  acid,*  both 
of  which  contain  the  group  -CHg'CO-,  and  which,  therefore,  might 
theoretically  exist  in  an  enolic  form,  but  which  cannot  yield  cis-  and 
fra ns-isomerides,  do  not  give  rise  to  isomeric  hydrindamine  salts 
(Trans.,  1901,  79,  370  and  437).  It  may  be  concluded,  therefore, 
that  the  isomeric  a-  and  y8-  or  normal  and  iso-acids  are  the  cis-  and 
trciTis-iorjns,  and  that  the  conversion  of  one  into  the  other  in 
presence  of  bases  takes  place  as  indicated  in  the  following  formulae : 

C«H,3(S03H)<V<Br  ^->  C3H33(S03H)<fi^J^        ^-> 

a-  or  normal  acid.  Unstable  enolic  form. 

C3H,3(S03H)<9<H 

)3-  or  /so-acid. 

During  this  transformation,  the  two  compounds  become  identical, 
that  is  to  say,  they  both  pass  through  the  same  unstable  enolic  form. 

A  somewhat  analogous  case  which  has  recently  come  under  the 
author's  observation  may  be  quoted  in  support  of  this  view.  c?-Methyl- 
hydrindone  (Proc,  1902,  18,  34)  is  apparently  stable  when  pure,  and 
is  not  changed  by  mineral  acids,  as  is  shown  by  the  facts  that  its 
specific  rotation  does  not  alter  appreciably  in  the  course  of  several 
weeks,  and  the  optically  active  ketone  is  actually  prepared  in  presence 
of  hydrogen  chloride ;  consequently  the  ketone  does  not  exist  in  the 
enolic  form  under  these  conditions.  When,  however,  a  trace  of 
sodium  ethoxide  is  added  to  its  alcoholic  solution,  it  rapidly  and 
completely  racemises,  that  is  to  say,  it  is  doubtless  converted  into 
equal  quantities  of  the  cis-  and  inms-isomerides, 


CoH4<coi><^<Se      ^^      C,H,<^,2>CMe      ^-> 

OH 
d-Kotone.  Enolic  form. 


c^,H,<[;«^c<J{< 


/•Ketone, 

•  Tlie  f»ct  that  Kcychler's  camphoraulphonic  acid  dooH  not  give  rise  to  isomeric 
hydrindaniino  salts  may  he  taken  as  conlirming  the  view  that  this  acid  is  a  $-  and 
not  on  o-dcrivutivB  of  cumplior  (compare  Armstrong  and  Lowry,  TraiiH.,  1902,  81, 
1473). 
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The  discovery  of  the  existence  of  the  isomeric  sulphonic  acids  and 
the  above  view  as  to  their  relationship  account  for  all  the  facts 
observed  in  the  study  of  the  isomeric  hydrindamine,  benzylhydrind- 
amine,  methyl hydiindumine,  and  /-menthylamine  salts  which  are  dei'ived 
from  them  ;  the  free  ju-ids,  as  ordinarily  prepared,  invariably  consist 
of  a  mixture  of  the  normal  with  a  small  proportion  of  the  Mo-form. 

It  may  perhaps  seem  singular  that  it  should  have  taken  so  long  to 
arrive  at  what  now  appears  to  be  such  a  simple  and  obvious  explana- 
tion of  the  existence  of  these  isomerides.  The  reason  is,  no  doubt, 
that  the  truth  was  concealed  or  obscured  by  a  i-ombination  of 
apparently  disconnected  facts,  of  which  the  following  may  be  men- 
tioned. Firstly,  because  the  explanation  originally  suggested  is,  in 
one  sense,  so  near  the  truth  that  it  accounted  for  all  the  phenomena, 
excepting  the  observed  values  for  the  molecular  rotations  of  the 
/3-salts,  just  as  well  and  in  an  even  simpler  manner  than  does  the 
present  one ;  the  author's  suggestion  was  that  the  isomeric  salts 
containt'd  respectively  the  groupings 

X— N— Y         and         V— N— X  ; 

/\ 

the  true  explanation  is  that  the  isomeric  forms  are  ei$-  and  traru- 
modifications : 

X— C— Y         and         Y— C— X. 

I  I 

Secondly,  because  of  the  production  of  apparently  analogous 
isomerides  fi'om  cja-7r-camphanic  acid,  in  which  case  the  existence  of 
such  cis-  and  trans-iorms  seemed,  and  still  seems,  to  be  verj'  im- 
probable; the  constitution  assigned  to  this  acid  (Trans.,  1896,  60, 
918)  is  not  to  be  i-egarded  as  definitely  established,  but  hitherto  no 
indication  of  the  existence  of  isomeric  forms  has  been  observed,  and 
the  nature  of  the  isomeric  salts  to  which  it  gives  rise  is  still  unknown. 

Further,  it  must  be  borne  in  mind  that  no  indication  of  the  occur- 
rence of  intramolecular  change  has  ever  been  obtained  from  an 
examination  of  the  specific  rotations  of  a-bromo-  and  a-chloro-camphor 
or  of  their  sulphonic  derivatives,  whereas  in  the  case  of  other  a-deriv- 
atives  of  camphor,  which  are  capable  of  existing  in  isomeric  forms, 
such  evidence  is  obtained  at  every  turn  and  the  one  form  passes  into 
the  other  apparently  spontaneously  (compare  Lowry,  Trans.,  1899, 
75,211). 

Also,  it  may  be  again  noted,  various  experiments  seemed  to  prove 
the  non-existence  of  an  enolic  form  of  the  bromo-acid  (Trans.,  1900, 
77,  881),  and  if  this  were  so  it  seemed  obvious  that  the  ordinary  acid 
could  not  be  transformed  into  an  iso-form  and   vice  versd  under   the 

X  X  2 


636  KIPPING:   ISOMERIC   SALTS   OF   THE  TYPE   NR^RgHg. 

conditions  employed  by  the  author  during  the  study  of  the  isomeric 
salts  ;  if,  on  the  other  hand,  such  a  transformation  were  possible, 
then  it  seemed  most  probable  that  on  crystallising  any  salt  in  the 
ordinary  way  only  one  form  would  be  obtained,  namely,  the  more  spar- 
ingly soluble  one,  as  is  usual  in  such  cases. 

These  and  many  other  reasons,  which  are  recorded  in  earlier  papers, 
seemed  of  such  weight  as  to  render  inadmissible  the  view  that  the 
salts  were  derived  from  cis-  and  fra^is-acids ;  the  new  facts  prove  the 
contrary.  Nevertheless,  all  the  old  facts  remain  as  recorded,  and  as 
regards  the  experimental  part  of  the  work  there  is,  as  far  as  the 
author  knows,  nothing  to  correct  and  nothing  to  withdraw. 

Salts  of  the  Normal  and  iso- Forms  of  Bromo-  and  Chloro-camphor- 
sulphonic  Acids. 

The  method  invariably  used  for  the  preparation  of  these  sulphonic 
acids  is  the  decomposition  of  their  barium  salts  with  dilute  sulphuric 
acid  ;  the  barium  salts,  which  are  prepared  by  boiling  the  ammonium 
salts  with  baryta,  are  formed  in  alkaline  solution,  and  will  therefore 
consist  of  the  derivatives  of  both  the  normal  and  iso-acids.  The  acid 
prepared  from  this  mixture  of  barium  salts  is  therefore  itself  a  mix- 
ture, as  is  also,  doubtless,  any  salt  obtained  by  neutralising  the  acid  ; 
this  is  clearly  shown  by  the  experiments  on  the  "  regeneration  "  of  the 
salts  of  hydrindamine,  methylhydrindamine,  and  menthylamine.  It 
seems  very  probable,  therefore,  that  the  only  pure  salts  of  the  normal 
acids  which  have  so  far  been  obtained  are  : 

acMIydrindamine  cZ-bromocamphorsulphonate, 

a(/-Hydrindamine  c^-chlorocamphorsulphonate, 
o-l-  „  ,, 

and  possibly  the  ad-  and   a?-methylhydrindamine  bromocamphorsul- 
phonates  and  the  salt  of  /-menthylamine. 

Ordinary  ammonium  bromocamphorsulpbonate  certainly  appears  to 
be  homogeneous,  as  its  optical  properties  do  not  change  when  it  is 
repeatedly  crystallised  (see  above) ;  whether  this  is  due  to  the  im- 
possibility of  separating  the  salt  of  the  normal  from  that  of  the  iso- 
acid  or  to  the  complete  transformation  of  the  iso-  into  the  normal  form 
during  the  evaporation  of  the  ammoniacal  solution  is  uncertain  ;  the 
author  inclines  to  the  first  view  from  a  practical  acquaintance  with  the 
extraordinary  didiculty  met  with  in  separating  the  normal  and  iao- 
■altfl  of  hydrindamine  and  other  organic  bases,  such  as  phonylethyl- 
amine  (Hunter  and  Kipping,  Trans.,  1903,83,  1147).  When,  more- 
over, it  is  found  that  the  partially  racemic  /3-modification  of  hydrind- 
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amine  bromocamphorsulphonate,  which  behaves  like  a  homogeneous 
substance,  is  in  reality  a  mixture  of  four  very  different  salts,*  it  is 
quite  credible  that  ammonium  bromocamphorsulphonate  and  all  other 
salts  which  have  not  been  specially  treated  should  contain  a  small 
proportion  of  the  isomeric  salt  of  the  t«o-acid. 

Silver  bromocamphorsulphonate,  prei>ared  from  the  acid,  is  probably 
also  a  mixture  in  spite  of  the  fact  that  many  organic  salts,  obtained 
by  treating  the  silver  salt  with  halogen  derivatives  of  bMOS|  ware  not 
resolved  into  appreciably  different  fractions  after  repeated  crystAllisa- 
tion  (Barrowcliff  and  Kipping,  Trans.,  1903,  88,  1141). 

As  regards  the  salts  of  the  /3-  or  uo-acids,  the  only  compounds 
hitherto  obtained  in  a  pure  state  are  : 

pi-  Hydrindamine  ti-bromocamphorsulphonate, 
fid-  „  (/-chlorocamphorsulphonate,  and 

The  /3-forms  of  (^hydrindamine  <i-bromooamphorstilplionato  and  of 

the  coiTesponding  salts  obtained  from  J-methylhydrindamine,  /-methyl- 
hydrindamine,  and  /-menthylamine  were  not  obtained  in  a  state  of 
purity,  as  was  indeed  clearly  recognised  at  the  time  (Tattersall  and 
Kipping,  Trans.,  1903,  83,  924 ;  Tutin  and  Kipping,  Trans.,  1904,  86, 
65) ;  that  these  salts  should  still  contain  such  a  very  large  proportion 
of  the  u-isomeride,  as  in  fact  they  do  (see  p.  638),  was,  however,  hardly 
to  be  expected. 

Molecular  notations  qf  the  Normal  and  iacy Acids. 

Since  it  seems  highly  probable  that  most  of  the  salts  of  a-  or 
"  normal "  cf-bromocamphorsulphonic  acid  contain  a  considerable 
quantity  of  the  isomeric  ^-salt,  it  would  follow  that  the  value  for  the 
molecular  rotation  of  the  normal  acid  ion,  as  hitherto  determined,  is 
too  low.  The  results  obtained  with  the  pure  d-  and  /-hydrindamine 
salts  give,  as  a  mean  value,  [M]b  +269^,  which  agrees  well  with  that 

*  It  seems  very  probable  that  the  bromocamphorsulphonate  of  dihydro-a- 
me thy  1  indole,  melting  at  124—125',  obtained  by  Pope  and  Clarke  (Trans.,  1904, 
86,  1330)  during  their  experiments  on  the  resolution  of  the  above-named  base,  is 
also  a  mixture  of  four  compounds,  namely  : 

d-Dlhydro-a-methylindole  normal  (/-bromocamphorsulphonate, 
^         ,. 

l- 

Its  molecular  rotation,  [M]d  -f-242-7°  shows  that  it  is  not  a  salt  of  either  the  pure 
normal  acid  or  of  the  pure  i£o-acid  (compare  p.  638),  and  the  optical  inactivity  of 
the  base  obtained  from  it  proves  that  its  low  molecular  rotation  is  not  due  to  excess 
of  the  ^base. 
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usually  accepted  ;  such  a  value,  however,  based  on  determinations  with 
two  bases  only  can  hardly  be  accepted  as  final  and  the  true  one  is 
probably  more  nearly  [  M  Ju  +280° 

The  only  pure  salt  of  the  (3-  or  iso-bromo-acid  which  has  been  exam- 
ined optically  is  the  ^hydrindamine  salt,  which  gives  for  the  zso-acid 
ion  the  value  [M]o  +177°;  the  molecular  rotations  of  the  "last 
fractions"  of  the  c^-methylhydrindamine,  ^methylhydrindamine,  and 
Z-menthylamine  salts,  previously  described,  approximate  to  those  of 
the  normal  rather  than  to  those  of  the  iso-a,cid,  and  it  is  obvious 
therefore  that  these  "  last  fractions  "  contained  a  larger  quantity  of 
the  normal  than  of  the  iso-acid. 

The  molecular  rotations  of  the  pure  hydrindamine  salts  of  normal 
chlorocamphorsulphonic  acid  give  the  value  [M]d  +185 '5°  for  the 
normal  acid  ion,  but  the  data  are  insufficient  to  give  a  reliable  result ; 
in  the  case  of  the  tso-acid,  the  examination  of  the  same  two  hydrind- 
amine salts  gives  [M]d  +  233°  as  the  mean  value  for  the  iso-acid  ion. 

This  is  one  of  those  cases  which  shows  the  extreme  difliculty  of 
establishing  any  definite  connection  between  the  constitution  of  a  com- 
pound and  its  specific  rotatory  power  ;  it  can  hardly  be  doubted  that 
the  normal  forms  of  the  cZ-bromo-  and  (i-chloro-acids  correspond  in 
configuration,  and  yet  when  the  former  is  transformed  into  the  iso- 
modification  its  molecular  rotation  falls  by  about  90°,  whereas  a 
corresponding  intramolecular  change  in  the  chloro-acid  increases  the 
molecular  rotation  by  about  48°.  This  curious  fact  assisted  no  doubt 
in  concealing  the  true  nature  of  the  isomerism  of  the  a-  and  ^-salts. 

The  investigation  of  the  iso-f orms  of  (Z-bromo-  and  t^-chloro-camphor- 
sulphonic  acids  will  be  continued,  but,  as  the  only  method  at  present 
available  for  their  isolation  is  that  of  fractionally  crystallising  their 
salts  with  one  of  the  optically  active  hydrindamines,  it  is  obvious  that 
they  cannot  be  obtained  very  easily  or  in  large  quantities. 

The  further  study  of  these  sulphonic  acids  and  of  (/-methylhydr- 
indonemay  also  help  to  elucidate  the  mechanism  of  tautomeric  change, 
which,  according  to  Lapworth  and  Hann  (Trans.,  1902,  81,  1512), 
"  may  be  the  result  of  one  or  both  of  two  superposed  reactions,  one 
due  to  ionisation  in  the  compound  itself,  accelerated  by  bases  and 
retarded  by  acids,  and  the  other  duo  to  an  additive  phenomenon, 
accelerated  by  acids  and  retarded  by  bases." 

The  author  desires  to  acknowledge  his  indebtedness  to  the  Govern- 
ment Qrant  Committee  of  the  Royal  Society  for  financial  aid  in  carry- 
ing out  this  work. 

Univkiihiiy  Coi.lkok, 
Norn  NO II  AM. 
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LXIV. — Experiments  on  the  Synthesis  of  the  Ter-penes. 
Part  II.  Syntliesis  of  ^^-p-Menthenol(8),  A'-'^'^-p- 
Menthadiene ,  i>Menthanol(S),  ^^^^-^-Menthene,  and 
l>Menthane* 

\iy  William  IIenev  Perkin',  juu.,  ami  .Samlel  Shbowdeb  Picklbs. 

The  first  paper  on  this  subject  (Perkin,  Ti-ans.,  1904,  86,  654)  dealt 
with  the  conversion  of  A"-tetrahydro-/j-toluic  acid  into  terpineol, 
dipentene,  and  terpin,  a  series  of  changes  which  may  conveniently  be 
represented  thus  : 

A3-Tetrahydro7>-toluic  acid,  Me-C<^,g~^{J»>CH-COjH. 
Terpineol,  Me-C<^^'^JJ«>CH-CMe,-OH. 
Dipentene,  Me-C<^,JJ"^JJ^>CH-C<^,^2. 

Terpin,  Me-CX0H)<^JJ<^g-'>0H-CMe2-0H. 

Tlie  present  paper  deals,  in  the  first  place,  with  some  hitherto 
unknown  members  of  tlie  torpene  series  which  have  been  synthesised 
by  employing  A'-tetrahydro-/>-toluic  acid,  instead  of  the  A'-tetrahydro- 
acid,  in  experiments  similar  to  those  which  led  to  the  syntheses  just 
mentioned. 

Ai-Tetrahydro/j-toluic  acid,  Me-CH<^^«]^^>C-C02H, 

has  ah-eady  been  obtained  by  Einhorn  and  Willstatter  (Annalen,  1894, 
280,  163)  from  a-bromohexahydro-/>-toluic  acid  by  treatment  with 
quinoline.  We  prepared  this  acid  in  quantity  by  a  modification  of  the 
above  method  (p.  645)  and  converted  it  into  ethyl  tetrahydro-p-toluate 
by  the  action  of  alcohol  and  sulphuric  acid. 

This  ester  reacts  readily  with  an  ethereal  solution  of  magnesium 
methyl  iodide  yielding 

AV  menthenol(8),  Me-CH<^g2^^^>C-CMej-0H, 

*  The  system  of  nomenclature  used  in  the  papers  of  this  series  is  that  employed 
in  the  excellent  account  of  the  terpenes  written  for  Meyer-Jacobson's  Lehrhuch 
(Vol.  II,  i,  pp.  876—962)  by  Prof.  Cari  Harries. 

The  basis  of  this  system  is  hexahydrocymene  and  the  numbering,  in  the  case  of 
the  p-series, 


L 


is  that  i-ecommended  by  Baeyer  {Ber.,  1894,  27,  436). 
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•which  is  isomeric  with  terpineol  (A^-p-menthenol-8)  and  differs,  indeed, 
from  this  substance  only  in  the  position  of  the  double  linking  in  the 
ring,  as  a  comparison  of  their  formulae  will  show. 

It  was  therefore  interesting  to  find  that  this  new  menthenol 
resembles  terpineol,  not  only  in  odour,  but  also  in  many  other 
properties. 

Thus,  when  digested  with  potassium  hydrogen  sulphate,  it  is  con- 
verted by  loss  of  water  into 

A3 8(9).^nienthadiene,  Me-CH<^^^~^^> C-C<^^2, 

just  as  terpineol,  under  the  same  conditions,  yields  dipentene. 

On  the  other  hand,  terpineol  is  a  solid,  crystalline  substance,  whereas 
A^-/>-menthenol(8)  is  liquid,  and  we  have  not  been  able  to  prepare 
from  the  latter  a  crystalline  nitrosochloride  or  phenylurethane  corre- 
sponding to  these  well  known  derivatives  of  terpineol.  One  of  the 
most  characteristic  properties  of  terpineol  is  its  conversion  into  terpin 
hydrate  by  the  action  of  dilute  sulphuric  acid  at  the  ordinary  tempera- 
ture,* but,  although  very  careful  experiments  were  made  on  the 
subject,  there  was  no  indication  of  any  similar  addition  of  water 
taking  place  when  the  new  menthenol  was  subjected  to  exactly  similar 
treatment.  These  differences  in  properties,  due  obviously  to  difference 
in  the  position  of  the  double  linking  in  the  ring,  are,  perhaps,  greater 
than  might  have  been  expected  from  so  small  a  change  in  constitution. 
As  stated  above,  A^-;?-menthenol(8),  when  digested  with  potassium 
hydrogen  sulphate,  yields  A^^""-jo-menthadiene,  and  the  properties  of 
this  new  hydrocarbon  are  very  interesting,  especially  when  compared 
with  those  of  dipentene  (A^^'^'-jo-menthadiene),  from  which  it  differs 
only  in  the  position  of  the  double  linking  in  the  ring. 

A'^'"*-/>-Menthadiene  distils  at  186 — 187°,  or  a  few  degrees  higher  than 
dipentene  (181°),  and  it  possesses  in  an  even  more  marked  degree  the 
odour  of  lemons  so  characteristic  of  the  latter ;  apparently  then  this 
odour  is  not  as-ociated  with  any  definite  position  of  the  double  linking 
in  the  ring.  In  several  other  respects,  however,  the  new  terpene  has 
properties  which  are  very  different  from  those  of  dipentene.  The 
latter  hydrocarbon  yields  a  crystalline  nitrosochloride,  CioIIig,NOCl, 
and  hydrochloride,  CjQHjg,2HCl,  and  is  especially  characterised  by  its 
behaviour  towards  bromine,  with  which  it  combines  to  form  a  crystal- 

•  In  part  I  of  this  roHoarch  {loc.  eit.,  p.  007),  I  ascribed  to  Tiemann  and  Schmidt 
(Ber.,  1896,  28,  1781)  tho  imiiortant  discovery  of  the  conversion  of  terpineol  into 
terirfn  hydratA  by  the  action  of  dihitt;  Hul|i]mric  acid  at  the  ordinary  touipcraturo. 
Prof.  Wallach  haa  kindly  pointed  out  thut  tho  discovery  was  first  made  by  Tilden 
(Traiu.,  1879,  86,  289)  and  conflrmod  by  himself  (//n7ia/6-7t,  1885,  230,  200)  several 
ytu$  before  the  appearance  of  tho  paper  by  Tiemauu  and  Sohmidt. 

— W.  II.  Pkrkik,  jun. 
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line  ^e^rabromide,  CjQHjgBr^.  The  new  terpene  reacts  with  nitroso- 
chloride  and  with  hydrogen  chloride,  yielding  oily  products  which 
werfe  not  further  investigated,  but  the  most  striking  property  which  it 
exhibits  is  that  it  is  capable  of  combining  with  only  two  atoms  of 
bromine  to  form  an  unstable  Jibromide  of  the  formula  Cj^jHjjBrg. 

In  this  respect,  then,  the  new  terpene  differs  in  a  marked  way  from 
dipentene,  and  since  both  hydrocarbons  are  represented  by  formulas 
containing  two  double  liukings,  this  difference  in  behaviour  appeared, 
at  first,  difiicult  to  understand. 

If,  however,  the  formula  of 

A3«»'-;)-menthadiene,  Me-CH<^2^^^^>C-C<^^«, 

is  examined,  it  will  be  seen  that  the  two  double  Unkings  are  in  the 
position  -C.G'C.C-,  and  it  has  long  been  known  that  substances  con- 
taining this  grouping  are  only  capable  of  uniting  with  two  atoms 
of  bromine  to  form  derivatives  in  which  that  grouping  becomes 
-CBr'CIC'CBr-  (comtmre  especially  Baeyer  and  Herb,  Annalen,  1890, 
258,  2;  Thiele,  Aiinalen,  1898,  306,  87;  1901,  319,  129).  There 
can  be  no  doubt  that,  in  combining  with  two  atoms  of  bromine, 
A'^'*'-jo-menthadiene  yields  a  dibromo-additive  product  of  the  formula 

CH,-CHBr^^.^/CH,Br 


Mo-cH<^g':^^»^:c<^^« 


(3  :  9-dibromo-A**^'-/>-menthene),  and  that  this  substance  is  incapable  of 
combining  further  with  bromine  without  elimination  of  hydrogen 
bromide. 

Similar  results  to  the  above  were  obtained  in  our  experiments 
on  the  action  of  halogen  acids  on  A^^'*'-/>-menthadiene.  It  is  well 
known  that  dipentene,  Cj^jH^g,  combines  readily  with  two  molecules 
of  both  hydrogen  chloride  and  hydrogen  bromide  to  yield  the  well 
characterised  crystalline  derivatives  Cj,jHift,2HCl  and  CioHjg,2HBr. 

When  A^'^'^'-jo-menthadiene  is  subjected  to  the  action  even  of  a  very 
large  excess  of  either  of  these  reagents,  it  is  only  capable  of  combining 
with  one  molecule  of  each,  yielding  the  liquid  additive  compounds 
CioHi«,HCl  and  C,oH,„HBr. 

Experiments  which  are  in  progress  seem  to  indicate  that  all  terpenes 
which  contain  the  grouping  -C.'C'CIC-  will  be  found  to  behave  in 
a  similar  manner  and  to  combine  with  only  two  atoms  of  bromine 
and  one  molecule  of  a  halogen  acid.  The  behaviour  towards  bromine 
and  halogen  acids  may,  therefore,  in  future  prove  to  be  of  the 
highest  importance  in  assigning  a  constitutional  formula  to  a  new 
terpene. 

Included  in  the  present  paper  are  two  other  series  of  experiments, 
namely,    the    preparation    qf    p-menthanol(8),   A^"*-p-Wi©iithene,   and 
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/>-menthane  from  ethyl  hexahydro-j^-toluate,  and  of  jo-tolyldimethyl- 
carbinol  and  />-methylisopropenylbenzene  from  ethyl  ^>toluate  itself. 

When  ethyl  hexahydro-^j-toluate  is  allowed  to  react  at  the  ordinary 
temperature  with  an  ethereal  solution  of  magnesium  methyl  iodide,  it 
is  converted  into 

p-meQthanol(8),  Me-CH<^g-\^^'>^'II'^^^®2'0H, 

a  crystalline  substance  which  melts  at  36°,  distils  at  207°,  is  volatile  at 
the  ordinary  temperature,  and  has  a  penetrating  odour  of  peppermint, 
properties  which  are  almost  identical  with  those  of 

menthol  (p-menthanol-3),  Me-CH<^^2l^(^g^>CH-CMe2H, 

from  which  it  differs  only  in  the  position  of  the  hydroxyl  group. 
Besides  menthol  itself,  three  other  menthanols  are  known,  all  of 
which  contain  the  hydroxy-group  in  the  ring,  namely,  tertiary  carvo- 
menthol(l),  carvomenthol(2),  and  tertiary  menthol(4),  the  numbers 
after  the  names  indicating  the  position  of  the  hydroxyl  groups. 

;>Menthanol(8)  appairs  to  be  the  first  derivative  of  /)-menthane,  so 
far  prepared,  in  which  the  hydroxy-group  is  situated  in  the  isopropyl 
side  chain.  When  2>nienthanol(8)  is  heated  with  potassium  hydrogen 
sulphate,  it  is  decomposed  with  elimination  of  water  and  formation  of 

AS'»>:P-menthene,  Me-CH<^^'^;^H^>^'^'^'^M^'^' 

a  hydrocarbon  which  distils  at  170°  and  has  a  faint  odour  resembling 
parsley  and  quite  different  from  that  of  dipentene  or  A^'^'^'-^j-men- 
thadiene.  This  fact  is  interesting,  because  A^''"-^j-menthene  is  a 
dihydro-derivative  of  both  these  hydrocarbons,  and  in  each  case  the 
formation  of  the  dihydro-derivative  has  resulted  in  the  disappearance 
of  the  double  linking  in  the  ring,  and  with  this  change  in  constitu- 
tion the  intense  odour  of  lemons  so  characteristic  of  both  has  also 
disappeared.  IJesidos  the  new  hydrocarbon  just  described,  only  two  of 
the  six  possible  ja-menthenes  seem  to  have  been  prepared,  namely, 
A'-/>-mentheno(carvomenthene)and  A^-;)-menthene.  The  latter  may  be 
readily  obtained  in  quantity,  as  Zelinsky  and  ZelikofE  {Ber.,  1901,  34, 
325.3)  have  shown,  by  heating  menthol  with  oxalic  acid.  It  is  very 
Himilar  in  properties  to  A^'"'-7)-menthone,  and  like  tliia  substance  has 
only  a  feoblo  odour.  Both  A'-^j-menthone  and  A'*""-;>-monthono  are 
dihydro  (IcrivativoH  of  A'^'^'-p-monthadiene  ;  in  the  first  case,  the  double 
linking  in  the  side  chain,  and  in  the  second  that  in  the  ring  has  been 
removed  by  the  addition  of  two  atoms  of  hydrogen.  Since  in  both 
cases  thiH  change  lias  resulted  in  the  disappearance  of  the  <;haracteristic 
odour  of  lemons,  it  would  seem  to  follow  that  this  odour  is  dependent 
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n  the  presence  both  of  the  double  linking  in  the  ring  and  of  that  in 
the  side  chain. 

A^*^'-/)-Menthene  is  reduced  with  difficulty,  even  when  dissolved  in 
alcohol  and  treated  with  a  large  excess  of  sodium,  but  if  its  hydro- 
bromide,  CjoHjg.HBr,  is  treated  with  zinc  dust  and  acetic  acid  it  is  con- 
verted into 

yj-menthane  (hexahydrocymone),  Me*CH<0<TT*.riTT'^CH'CMejH. 

This  hydrocarbon  had  previously  been  obtained  by  several  methods 
(see  p.  652);  it  distils  at  169 — 170°  and  has  a  rather  feeble  odour 
resembling  that  of  light  petroleum. 

While  considering  the  properties  of  the  members  of  the  terpene 
group  which  we  had  synthesiseil  by  the  reactions  mentioned  above, 
some  of  which  are  derived  from  tetrahydro-  and  some  from  hexahydro- 
benzene,  it  occurred  to  us  that  it  would  be  interesting  to  compare 
their  properties  with  those  of  similarly  constituted  substances  con- 
taining in  the  place  of  the  reduced  rings  the  benzene  ring  itself.  We 
therefore  treateil  ethyl  />-toluate  with  magnesium  methyl  iodide  and 

obtained  a  good  yield  of  ;>-tolyldimethylcarbinol,  Me*<^      ^•CMej-OH, 

a  tertiary  alcohol  which  had  not  previously  been  described. 

This  substance  is  a  liquid  which  distils  at  112°  (16  mm.)  and  has 
a  rather  pleasant  sweet  odour,  quite  distinct  from  that  of  terpineol  or 
any  other  similarly  constituted  alcohol  belonging  to  the  terpene 
group.  When  this  alcohol  is  digested  with  potassium  hydrogen 
sulphate,  it  is  decomposed  in  the  usual  manner  with  elimination  of 
water  and  formation  of  /)-methylwopropenylbenzene, 


Me 


a  hydrocarbon  of  which  dipentene  and  A'^^*-/>-menthadiene  are  the 
tetrahydro-derivatives.  It  boils  at  187°  and  possesses  an  odour  very 
similar  to  that  of  cinnamene,  and  quite  unlike  that  of  a  terpene ;  it 
combines  with  two  atoms  of  bromine  with  formation  of  a  liquid 
additive  product,  and  yields  a  crystalline  nitrosochloride  which  melts 
at  102°. 

Reduction  of  p-Toluic  Acid. 

In  preparing  hexahydro-^toluic  acid,  j3-toluic  acid,  in  quantities  of 
10  grams,  was  dissolved  in  iso&myl  alcohol  (500  c.c.)  and  reduced  at  the 
boiling  temperature  with  sodium  (50  grams),  essentially  according  to 
the  method  recommended  by  Einhorn  and  Willstatter  (AnnaUrit  1894, 
280,  160).  The  product  was  shaken  with  twice  its  volume  of  water,  the 
aqueous  solution  separated  from  the  zsoamyl  alcohol,  nearly  neutralised 
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with  dilute  sulphuric  acid,  and  evaporated  to  a  small  bulk.  After 
acidifying  and  extracting  with  ether  in  the  usual  way,  the  crude 
crystalline  acid  was  dissolved  in  dilute  sodium  carbonate  and  oxidised 
with  permanganate  at  0°  until  the  colour  remained  permanent,  a  stream 
of  carbon  dioxide  being  passed  during  the  whole  operation.  By  this 
means,  the  hexahydro-acid  is  freed  from  unsaturated  acids  (probably 
tetrahydro-jo-toluic  acids)  which  are  always  present.  The  filtrate  from 
the  manganese  precipitate  was  evaporated,  acidified,  and  extracted  with 
ether,  and  the  extract  several  times  fractionated  in  order  to  separate 
the  hexahydro-acid  from  considerable  quantities  of  isovaleric  acid, 
lastly,  the  distilled  acid  was  left  in  contact  with  porous  porcelain 
until  all  oily  impurity  had  been  absorbed.  Hexahydro-jo-toluic  acid 
melts  at  112°  and  crystallises  fi-om  formic  acid  in  glistening  prisms. 

Ethyl  Hexahydro-f^-tolvute. — In  preparing  this  ester,  the  pure  acid 
(38  grams)  was  dissolved  in  a  cold  mixture  of  ethyl  alcohol  (200  c.c.) 
and  sulphuric  acid  (20  c.c.)  and,  after  standing  for  two  days,  heated 
on  the  water-bath  for  one  hour.  Water  was  then  added,  the  oily  ester 
extracted  with  ether,  the  ethereal  solution  washed  with  water  and 
dilute  sodium  carbonate,  dried  over  calcium  chloride,  and  evaporated. 
On  distilling  the  residue,  almost  the  whole  quantity  passed  over  at 
207 — 208°  (737  mm.)  as  a  colourless  oil  having  an  unpleasant  odour 
somewhat  resembling  that  of  amyl  acetate. 

0-2060  gave  05350  CO,  and  01960  H,0.     0  =  708;  H=10-7. 
OjQHjgOg  requires  C  =  70"6  ;  H=  10"6  per  cent. 

The  yield  of  ester  was  32  grams,  and  the  unchanged  acid  was  readily 
recovered  from  the  sodium  carbonate  washings  by  acidifying  and 
extracting  with  ether. 

Bromination  of  ffexahydro-p-toluic  Acid. 

According  to  Einhorn  and  Willstatter  {Aniialen,  1894,  280,  161), 
hexahydro-/?-toluic  acid  is  not  easily  brominated  by  the  Hell-Volhard 
process,  and  they  therefore  heated  the  acid  first  with  phosphorus  penta- 
cbloride  and  then  with  bromine  in  a  sealed  tube  for  three  hours  at 
150°,  or  ten  hours  at  100°.  The  product  was  a  black,  tarry  mass, 
from  which,  by  ropoutod  crystallisation,  they  wei'e  able  to  isolate  pure 
a-broraohexahy(lro-/?-toluic  acid.  As  we  required  large  quantities  of 
the  bromo-acid,  and  the  employment  of  sealed  tubes  was  very  in- 
convenient, wo  re-invoHtigated  the  matter,  and  found  that,  although 
the  bromination  takes  rather  longer  than  is  usually  the  case  with  acids 
of  ibis  nature,  it  can  be  carried  out  almost  (juantitativoly  and  without 
the  formation  of  any  tarry  products  if  the  following  conditions  are 
obferved.     Uexahydro-;>-toluic  acid  (21  grams),  contained  in  a  flask 


SYNTHESIS  OF  THE  TERPENES.   PART  II.        645 

fitted  with  a  ground-in  condenser,  is  mixed  with  phosphorus  penta- 
chloride  (42  grams),  allowed  to  stand  until  the  somewhat  vigorous 
action  has  subsided,  and  then  heated  on  the  water-bath  for  about  a 
quarter  of  an  hour  in  order  to  complete  the  decomposition.  Bromine 
(30  grams)  is  then  added,  and  the  heating  continued  for  about  two 
days  and  until  the  bromine  has  almost  completely  disappeared.  The 
.product  is  mixed  with  four  times  its  volume  of  formic  acid  (sp.  gr.  1"22), 
heated  on  the  water-bath  for  half  an  hour,  and  then  allowed  to  stand 
for  24  hours,  when  an  almost  colourless,  crystalline  cake  of  a-bromo- 
hexahydro-p-toluic  acid  will  have  separated.  This  is  collected  at  the 
pump,  drained  on  porous  porcelain,  and  is  then  almost  pure. 

For  reasons  explained  in  the  next  section,  we  preferred  in  most  of 
our  experiments  to  employ  ethyl  a-bromohexahydro-/>-toluate  rather 
than  the  acid  and  this  ester,  which  had  not  previously  been  described, 
we  prepared  in  large  quantities  in  the  following  manner.  The  oily 
product  of  the  bromination  of  hexiihydro-/)-toluyl  chloride,  obtained  as 
described  above,  was  poured  into  excess  of  alcohol,  and,  after  standing 
for  some  hours,  water  was  added  and  the  heavy  oil  extracted  with  ether. 
The  ethereal  solution  was  well  washed  with  water  and  dilute  sodium 
carbonate,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
fractionated  under  reduced  pressure,  when  ethyl  a-bromohexahydro- 
^toluate  was  obtained  as  a  colourless  oil  which  possessed  a  pungent 
and  disagreeable  odour,  and  distilled  constantly  at  144°  (50  mm.). 
Owing,  doubtless  to  some  hydrogen  bromide  being  eliminated  during 
distillation,  the  analytical  numbers  obtained  were  somewhat  lower  than 
the  theoretical. 

0-2056  gave  0-1516  AgBr.     Br  =  3M 

CioH^^O^Br  requires  Br  =  32-1  percent. 

A^-Tetrahydro-^toluic  Acid. 

In  our  first  experiments,  this  acid  was  prepared  according  to  the 
directions  given  by  Einhorn  and  Willstatter  (Annalm,  1894,  280, 
163),  namely,  by  heating  a-bromohexahydro  j[>-toluic  acid  with  quinoline, 
and  purifying  the  resulting  crude  tetrahydro-acid  by  recrystallisation 
from  dilute  alcohol.  We,  however,  subsequently  found  that  the 
following  process  was  much  more  convenient  and  gave  a  much  better 
yield  of  the  pure  tetrahydro-aeid.  Powdered  caustic  potash  (20  grams) 
is  dissolved  in  hot  methyl  alcohol  and,  after  cooling  to  about  40°,  ethyl 
a-bromohexahydro-p-toluate  (23  grams)  is  added ;  in  a  short  time,  the 
temperature  rises  to  the  boiling  point  and  much  potassium  bromide 
separates.  After  heating  on  the  water-bath  for  half  an  hour,  the 
product  is  diluted  with  water,  evaporated  until  free  from  alcohol, 
cooled  and  acidified,  when  tetrahydro-/>-toluic  acid  separates  in  almost 
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colourless  crystals.  These  were  collected  at  the  pump  and  purified  by 
recrystallisation  from  formic  acid  or  dilute  acetic  acid. 

0-1698  gave  0-4266  CO2  and  01296  H^O.     C  =  68-5;  E  =  8-5. 
CgHjgOg  requires  0  =  68-6  ;  H  =  8-6  per  cent. 

A^-Tetrahydro-;)-toluic  acid  crystallises  in  long,  striated,  prismatic 
needles,  which  melt  at  134°;  when  heated  under  reduced  pressure,  the 
acid  distils  without  decomposition. 

Ethyl  ^^-Tetrahydro--p-toluate,  CyHj^'COgEt. — In  preparing  this  ester, 
the  tetrahydro-acid  (43  grams)  was  added  to  a  mixture  of  alcohol 
(200  c.c.)  and  sulphuric  acid  (20  c,c.)  and  the  mixture  warmed  on  the 
water-bath  until  the  crystals  had  completely  dissolved.  After  stand- 
ing for  two  days  and  heating  on  the  water-bath  for  half  an  hour, 
water  was  added  and  the  oily  ester  extracted  with  ether.  The  ethereal 
solution  was  washed  with  water  and  dilute  sodium  carbonate,  dried 
over  calcium  chloride  and  evaporated,  and  the  residue  purified  by 
distillation,  when  almost  the  whole  quantity  passed  over  at  152 — 153° 
(100  mm.),  the  yield  being  nearly  quantitative. 

0-2194  gave  0-5746  COg  and  01 902  HgO.     C  =  71-4;  H  =  9-6. 
CjQHjgOg  requires  C  =  71-4;  H  =  9-5  per  cent. 

Ethyl  ^^-tetrahydro-'p-toluate  is  a  colourless  oil  possessing  a  pungent 
odour  somewhat  resembling  that  of  amyl  acetate. 

2-Bronio/texahydro-p-toluic  Acid. — Finely  powdered  tetrahydro-jo-toluic 
.acid  dissolves  readily  in  fuming  hydrobromic  acid  (saturated  at  0'^) 
and  the  solution  gradually  deposits  crystals  of  the  above  bromo-acid. 
After  two  days,  these  were  collected  and  recrystallised  from  formic 
acid,  from  which  the  acid  separates  in  glistening  crystals. 

0-2053  gave  01 732  AgBr.     Br  =  35-9. 

CgHjgOjBr  requires  Br  =36-2  per  cent. 

2-Bronio/iexahydro-p-toluic  acid  is  very  readily  soluble  in  alcohol, 
benzene,  ^ether,   or  chloroform,  but  sparingly  so  in  light  petroleum. 

It  crystallises  well  from  dilute  alcohol  in  microscopic  needles. 

1 :  2-JJibromohexahydro-p-toluic  Acid,  CyHj^Brj'COjH. — The  solution 
of  tetraliydro-/>-toluic  acid  in  chloroform  is  only  very  slowly  attacked 
by  bromine,  but,  if  the  powdered  acid  is  loft  oxposod  to  dry  bromioo 
vupour,  addition  takoH  place  readily  and  completely. 

The  product  was  exposed  over  cauutic  potash  until  the  free  bromine 
had  been  removed  and  then  crystallised  from  formic  acid. 

0*2282  gave  02858  AgBr.     Br -- 53-3. 

CgHjjOjBrj  re<|uires  Br -63-3  per  cent. 

1 :  2-JJibro7nofiexa/ij/dro'p-loluia  acid  melts  at  149°,  but  softens  some- 
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what  below  this  temperature ;  it  is  readily  soluble  in  alcohol,  ether, 
or  benzene,  but  sparingly  so  in  light  petroleum.  When  the  finely 
divided  acid  is  shaken  with  sodium  carbonate  solution,  it  is  converted 
into  a  sparingly  soluble  sodium  salt  which  crystallises  well  from  water 
but  was  not  fui'ther  investigated. 


The  method  employed  in  preparing  this  tertiary  alcohol  was  as 
follows  :  dry  magnesium  powder  (18  grams)  *  was  suspended  in  pure 
dry  ether  (distilled  first  over  smlium  and  then  over  phosphoric  anhy- 
dride) in  a  large  fiask  connecte<l  with  a  long,  refiux  condenser  and 
then  methyl  iodide  (100  grams')  added  in  three  portions,  any  violent 
ebullition  being  controlletl  by  plunging  the  flask  into  running  wat«r. 
When  the  magnesium  had  dissolved,  ethyl  tetrahydro-/>  toluat©  (40 
grams)  was  poured  in,  when  it  was  noticed  that  very  little  rise  of 
temperature  occurred  during  the  first  few  minutes,  but  that  the  ether 
gradually  became  heated  to  its  boiling  point  if  care  was  not  taken  to 
keep  the  flask  well  cooled.  After  1 2  hours,  the  product  was  cautiously 
decomposed  by  water  and  dilute  hydrochloric  acid,  the  ethereal  solu- 
tion separated,  washed  with  water,  evaporated,  and  digested  with 
methyl-alcoholic  potash  (10  grams  KOH)  for  10  minutes  on  the 
water-bath,  by  which  means  any  unchanged  ester  which  might  have 
been  present  was  hydrolysed. 

After  diluting  with  water,  the  neutral  oil  was  extracted  with  ether, 
the  ethereal  solution  washed  well,  dried  over  calcium  chloride  and 
evaporated,  and  the  residue  distilled  under  reduced  pressure  (30  mm.). 
By  far  the  larger  portion  passed  over  at  90 — QS^^and  consisted  of  almost 
pure  A'*'*"^'-jt)-menthadiene  (see  the  next  section)  and  the  remainder 
distilled  at  110 — 135^.  On  refractioning  the  latter,  an  oil  was 
obtained  which  distilled  at  117 — 120^  (25  mm.)  and  consisted  of  pure 
A'-p-menthenol(8). 

01412  gave  00431  COg  and  01498  H/).     C  =  77-8 j  H  =  11'8. 
CjoHjgO  requires  C  =  779  ;  H  =  117  per  cent. 

^^-Tp-Menthenol{S)  has  a  very  penetrating  and  pleasant  odour,  which 
resembles  and  is  even  more  pronounced  than  that  of  terpineol. 
Unlike  the  latter  substance,  it  does  not  appear  to  yield  a  crystalline 

Later  experiuieuts  on  the  conditions  of  formation  of  tertiary  alcohols  similar  to 
A='-^-menthenol(S)  have  shown  that  a  much  better  yield  is  always  obtained  when 
the  ester  employed  is  treated  witJi  rather  less  than  the  calculated  quantity  of 
magnesium  methyl  iodide. 

Any  excess  of  the  latter  acts  as  a  dehydrating  agent,  and  this  accounts  for  the 
formation  of  such  large  quantities  of  A^^^^'-p-menthadiene  in  the  above  experiment. 
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nitrosochloride  or  phenylurethane,  at  all  events  under  the  experimental 
conditions  employed  by  us. 

Since  ordinary  terpineol  is  readily  converted  into  crystalline 
terpin  hydrate  when  left  in  contact  with  dilute  sulphuric  acid,  an 
experiment  on  the  action  of  dilute  sulphuric  acid  on  A3-j9-menthenol(8) 
was  carried  out  in  the  hope  that  a  similar  crystalline  dihydroxy- 
compound  might  result,  but  this  did  not  prove  to  be  the  case. 
After  10  grams  of  the  pure  menthenol  had  been  shaken  on  the 
machine  with  1  litre  of  5  per  cent,  sulphuric  acid  for  10  days,  almost 
the  whole  of  the  substance  was  recovered  unchanged  on  extraction 
with  ether. 

/^^^^^^-jp-Menthadiene. 

This  hydrocarbon  is  contained,  together  with  some  A^-jo-menthenol(8), 
in  the  fractions  of  the  product  of  the  action  of  magnesium  methyl 
iodide  on  ethyl  tetrahydro-j9-toluate,  which  distilled  at  90 — 95°  (30  mm., 
see  the  previous  section).  In  order  to  decompose  the  menthenol  which 
was  present,  the  oil  (17  grams)  was  digested  with  powdered  potassium 
hydrogen  sulphate  (25  grams)  in  a  reflux  apparatus  for  one  hour. 
After  distilling  in  steam,  the  distillate  was  extracted  with  ether,  the 
ethereal  solution  dried  over  calcium  chloride  and  evaporated,  and  the 
residual  oil  distilled,  the  portion  passing  over  at  178 — 190"  being 
collected  separately.  This  oil  was  then  twice  fractionated  and  the 
fraction  (185 — 188°)  distilled  three  times  over  sodium  and  analysed  : 

0-1854  gave  0-5690  CO2  and 01932  H2O.     C  =  87-7;  H=ll-6. 
^10^10  requires  0  =  88-2;  H  =  ll-8  per  cent. 

A'-^"-/)-Menthadiene  boils  at  186 — 187°  and  possesses  in  a  marked 
degree  the  intense  odour  of  lemons  so  characteristic  of  dipentene ;  when 
cooled  in  liquid  air,  it  solidifies  to  a  glassy  mass  intersected  with  cracks, 
but  the  mass  liquefies  again  at  a  temperature  below  -  40°.  As  the 
following  experiment  shows,  it  oxidises  readily  in  the  air,  although 
apparently  not  so  rapidly  as  dipentene.  About  1  c.c.  of  the  hydro- 
carbon was  introduced  into  a  tube  standing  over  water,  when  it  was 
found  that  in  6  days  the  water  had  risen  475  inches.  Since  the 
column  of  the  original  air  was  245  inches  in  length,  it  follows  that 
the  absorption  of  the  oxygen  had  been  practically  complete. 

Action  of  Bromine. — A'"^*'-^;-Monthadiono  is  readily  attacked  by 
bromine,  but,  although  it  contains  two  double  Unkings,  it  is  only  capable 
of  absorbing  two  atoms  of  bromine,  as  the  following  experiment  shows 
(compare  p.  641).  The  hydrocarbon  (1*2  grams)  was  dissolved  in 
chloroform  (5  grams),  the  solution  cooled  to  —  10°,  and  then  bromine 
(diluted  with  twice  its  volume  of  chloroform)  added  slowly  from 
a  burette,  every  care  being  taken  to  keep  the  solution  at  -  10°  during 
the  whole  oi)eration.     At  first,  the  colour  of  the  bromine  disappeared 
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instantly,  but  as  goon  as  the  calculated  quantity  for  the  foriLuIa 
CjQHjgBrj  had  been  added  the  colour  was  very  slowly  discharged  and  then 
only  with  evolution  of  hydrogen  bromide.  A  second  experiment  led 
to  exactly  the  same  result.  The  product  from  the  two  experiments  was 
freed  from  chloroform  by  aspirating  a  rapid  current  of  dry  air  through 
it,  and  analysed,  after  leaving  for  two  days  in  an  exhausted  desiccator 
over  caustic  potash  and  paraffin  wax. 

0-2010  gave  02526  AgBr.     Br  =  53u. 

CiQHigBr2  requires  Br  =  54*0  per  cent. 

This  dibromide  is  readily  acted  on  by  zinc  dust  and  acetic  acid,  but  the 
reduction  is  a  complicated  one  and  we  were  unable  to  isolate  any 
definite  product. 

Action  of  Hydrogen  Chloride. — When  freshly  distilled  A*^***-p-men- 
thadiene  is  dissolved  in  glacial  acetic  acid  and  saturated  with  hydrogen 
chloride  at  a  temperature  not  exceeding  0^,  it  combines  with  the 
halogen  acid  to  form  the  oily  additive  product,  C,^,Hjg,HCl. 

After  remaining  for  several  hours,  the  solution  was  poured  into  ice 
water,  rapidly  extracted  with  ether,  and  the  ethereal  solution  well 
washed  with  water  and  dilute  sodium  hydrogen  carbonate.  The  bulk 
of  the  ether  was  then  distilled  off  at  as  low  a  temperature  as  possible 
and  the  remainder  removed  over  sulphuric  acid  in  an  exhausted 
desiccator.  Unfortunately,  although  the  experiment  was  repeated 
several  times,  the  analysis  always  gave  values  which  were  considerably 
lower  than  those  required  by  the  formula  CjoHjg.HCl. 

0-2902  gave  0-2178  AgCl.     CI  -  18-7. 

CjqHj-C1  requires  Cl=20-5  per  cent. 

Very  probably  this  additive  compound  is  unstable  and  loses  some 
hydrogen  chloride  during  the  necessary  washing  with  water  and  dilute 
i- odium  hydrogen  carbonate. 

Action  of  Hydrogen  Bromide. — In  investigating  the  behaviour  of 
A^'^*'-j9-menthadiene  towards  hydrogen  bromide,  the  hydrocarbon, 
directly  after  distillation,  was  shaken  in  a  stoppered  bottle  with  six 
times  its  volume  of  fuming  hydrobromic  acid  (saturated  at  0"),  the 
temperature,  which  is  apt  to  rise  considerably,  being  kept  below  10"  by 
cooling  in  ice  water.  After  two  hours,  the  product  was  poured  into 
ice  water,  the  heavy  oil  rapidly  extracted  with  ether,  the  ethereal 
solution  well  washed  with  water,  and  the  ether  removed  by  careful 
evaporation  and  then  over  sulphuric  acid  in  an  exhausted  desiccator. 
Two  different  preparations  were  analysed  with  the  following  results  : 

0-3807  gave  0-322    AgBr.     Br  =  360. 
0-3041  gave  02584  AgBr.     Br  =  36-2. 

CjoHjyBr  requires  Br  =  36*9  per  cent. 
VOL.    LXXXVII.  Y   Y 
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A^^^^-T^Menthadiene  hydrobromide,  when  prepared  in  this  way,  is  a 
yellow  oil  which  has  an  odour  of  oil  of  turpentine  and  is  readily  de- 
composed by  boiling  with  water  or  dilute  alkalis. 

^-Menthanol{8). 

This  tertiary  alcohol  is  produced  when  ethyl  hexahydro-/>-toluate 
reacts  with  magnesium  methyl  iodide. 

Magnesium  (8'4  grams)  was  suspended  in  dry  ether  and  converted 
into  magnesium  methyl  iodide  in  the  usual  way  ;  the  well-cooled  solu- 
tion was  then  mixed  with  ethyl  hexahydro-j»-toluate  (30  grams),  care 
being  taken  to  prevent  rise  of  temperature. 

After  standing  overnight,  the  product  was  carefully  decomposed 
with  water  and  dilute  hydrochloric  acid,  the  ethereal  solution  washed, 
evaporated,  and  the  residue  digested  with  methyl-alcoholic  potash  (8 
grams  of  KOH)  for  half  an  hour  in  order  to  remove  any  unchanged 
ester  which  might  be  present.  After  diluting  with  water,  the  oil  was 
extracted  with  ether,  the  ethereal  solution  well  washed,  dried  over 
calcium  chloride,  evaporated,  and  the  oil  fractionated  under  reduced 
pressure.  Almost  the  whole  quantity  passed  over  at  99 — 101° 
(20  mm.)  as  a  colourless  oil  which,  on  cooling,  solidified  in  long,  flat 
plates.  The  crystals  were  left  in  contact  with  porous  porcelain  until 
quite  dry  and  then  analysed  : 

0  1680  gave  0-4712  CO2  and  0-1940  HgO.     0  =  765;  H  =  12-8. 
CioHoqO  requires  C  =  76-9  ;  H  =  12-8  per  cent. 

p-Menthanol{S)  melts  at  about  35 — 36°  and  is  so  soluble  in  the 
ordinary  solvents  that  no  attempt  was  made  to  recrystallise  it ;  it 
distils  at  206 — 207°  (750  mm.)  apparently  without  any  decomposition, 
since  the  distillate  solidifies  at  once  on  cooling.  It  volatilises  rapidly 
at  the  ordinary  temperature,  and  has  a  penetrating  pleasant  odour  very 
similar  to  that  of  menthol,  with  which  it  is,  of  course,  isomeric  and 
closely  allied  in  constitution. 

This  hydrocarbon  is  obtained  when  /j-menthanol(8)  is  digested  with 
anhydrous  potassium  hydrogen  sulphate. 

The  pure  alcohol  (25  grams)  was  mixed  in  a  reflux  apparatus  with 
powdered  potassium  hydrogen  sulphate  (40  grams)  and  heated  to  boil- 
ing for  two  hours  in  an  oil-bath.  Sufficient  water  was  then  added  to 
dissolve  the  salt,  the  oil  was  extracted  with  other,  and,  after  very  care- 
fully drying  over  calcium  chloride  and  evaporating,  several  times  frac- 
tionated ia  order  to  remove  a  considerable  (juantity  of  unchanged 
/>-menthanol(8)  which  was  present.     The  fraction  169 — 172"  was  then 
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distilled  three  times  over  sodium,  when  almost  the  whole  quantity 
passed  over  at  170—170-5°  (746  mm.). 

01 340  gave  04287  COj  and  0-1 G19  H,0.     C  =  87-2;  H  =  13-4. 
01478     „     0-4711  CO2    „    0-1758  H^O.     C  =  86  9  ;  H=  13-2. 
CjoHig  requires  C  =  87  0 ;  H  =  13'0  per  cent. 

^^<^)--^-Menthene  has  a  peculiar  odour,  which  at  first  resembles  parsley 
but  is  afterwards  reminiscent  of  lemons.  It  does  not  appear  to  oxidise 
in  the  air,  and  when  dissolved  in  chloroform  and  cooled  to  -  10°  it 
absorbs  bromine  without  the  evolution  of  hydrogen  bromide.  Several 
experiments  were  made  in  the  hope  of  directly  reducing  A^^>-/>-men- 
thene  to  j9-menthane,  but,  although  the  hydrocarbon  (7  grams)  was 
treated  in  boiling  alcoholic  solution  with  50  grams  of  sodium,  only 
partial  reduction  took  place,  as  the  following  analysis  shows  : 

01 132  gave  03581  CO^  and  01395  HoO.     0  =  863  ;  H  =  13-7. 
jL>-Menthane,  CjqHjo,  requires  0  =  857  ;  H=«  143  per  cent. 

^-Bromo-T^-rne7Uhan9,  Me'OjHj^'OBrMej,  and  p-J/0nMan«, 
Me-CgHio-CHMej. 

When  j»-menthanol(8)  is  melted  and  then  shaken  in  a  tube  with  six 
times  its  volume  of  fuming  hydrobromic  acid  (saturated  at  0°),  it 
appears  at  first  to  dissolve,  but  in  a  short  time  an  oily  layer  separates 
on  the  surface  of  the  hydrobromic  acid.  After  one  hour,  the  tube 
was  sealed  and  heated  at  50°  for  about  15  minutes,  the  contents  of  the 
tube  being  several  times  well  shaken.  Water  was  then  addeei,  the 
heavy  oil  extracted  with  ether,  the  ethereal  solution  well  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  removed  by  evapora- 
tion at  as  low  a  temperature  as  possible  and  finally  over  sulphuric 
acid  in  an  exhausted  desiccator. 

0-3197  gave  0-276  AgBr.     Br  =  36-7. 

OjQHjgBr  requires  Br  =  36-6  per  cent. 

8-Bromo-^nienthane  is  a  colourless  oil  which  has  an  odour  somewhat 
resembling  that  of  isoamyl  bromide  ;  under  1 4  mm.  pressure,  it  appears 
to  distil  without  much  decomposition  at  about  110=*,  but  no  analysis  of 
the  distilled  product  was  made.  In  reducing  this  bromo-compound 
to  jt^menthane,  the  oil  was  dissolved  in  10  vols,  of  glacial  acetic  acid 
and  treated  first  in  the  cold  and  then  at  50°  with  several  small  quan- 
tities of  zinc  dust,  and  after  about  half  an  hour  the  mass  was  heated 
on  the  water-bath  with  the  addition  of  a  few  c.c.  of  a  solution  of 
hydrogen  bromide  in  acetic  acid.  Water  was  then  added,  the  oil 
exti-acted  with  ether,  washed  well  with  water,  evaporated,  and  the 
reduction    with   zinc   dust  and    ace*ic   acid  repeated  twice  exactly  as 

V   Y   2 
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before.  In  order  to  be  quite  certain  that  the  product  was  free  from 
bromine,  the  oil  (10  grams)  was  dissolved  in  alcohol  (500  c.c)  and 
reduced  at  the  boiling  temperature  with  sodium  (35  grams)  in  the 
usual  way.  After  distilling  in  steam,  the  hydrocarbon  was  extracted 
with  ether,  twice  distilled  over  sodium,  and  the  fraction  (169 — 170°) 
analysed  : 

0-1121  gave  0-3532  CO^  and  0-U19  H^O.     C  =  85-9;  H  =  14-0. 
jo-Menthane,  C,qH2q,  requires  0  =  85*7  ;  H=14-3  per  cent. 

The  results  of  this  analysis,  and  also  the  fact  that  the  hydrocarbon 
reduced  permanganate,  showed  clearly  that  the  reduction  had  not  been 
complete ;  the  oil  was  therefore  shaken  on  the  machine  with  an  excess 
of  a  1  per  cent,  solution  of  potassium  permanganate  and  a  little  caustic 
soda  for  15  minutes,  the  hydrocarbon  again  extracted  with  ether  and 
fractionated,  when  pure  ^-menthane  was  obtained  distilling  constantly 
at  169°  (758  mm.). 

0-1416  gave  0-4442  CO^  and  01832  H^.     0  =  85-6;  H  =  14-4, 

Berkenheim  {Ber.,  1892,  25,  688)  found  that  jo-menthane  is  produced 
when  menthol  is  heated  with  hydriodic  acid  (sp.  gr.  1  8)  at  200°,  and 
states  that  it  boils  at  169 — 170-5°  Shortly  afterwards,  Wagner 
(Ber.,  1894,  27,  1638)  showed  that  this  hydrocarbon  may  be  much 
more  conveniently  prepared  by  treating  menthol  with  concentrated 
sulphuric  acid  at  the  ordinary  temperature.  The  sulphuric  acid  acts, 
in  this  instance,  as  a  reducing  agent,  and  the  p-menthane  obtained  dis- 
tilled at  168—169° 

Jiinger  and  Klages  (Ber.,  1896,  29,  317)  also  prepared  j9-menthane 
from  menthyl  chloride  by  reduction  with  sodium  and  alcohol,  but  they 
do  not  give  the  boiling  point  of  the  hydrocarbon  which  they  obtained  in 
this  way.  Lastly,  Subatier  and  Senderens  (Compt.  rend.,  1901,  132, 
566)  showed  that  /j-menthane  is  produced  when  the  vapour  of  cymeue, 
mixed  witli  hydrogen,  is  passed  over  reduced  nickel  at  180°,  and  they 
give  the  boiling  point  as  166 — 168°. 

p-  Tolyldimethylcarhinol. 

Tbe  ethyl  />-toluate  required  for  the  preparation  of  the  above  sub- 
stance was  obtained  by  heating  ^^toluic  acid  (lUO  grains)  with  alcohol 
(400  c.c.)  and  sulphuiic  acid  (40  c.c.)  on  the  water-bath  for  four  hours. 
After  isolating  in  the  usual  way,  106  grains  of  pure  ester  were  obtained 
boiling  at  229 — 230°.  This  ester  (33  giains)  was  now  added  to  an 
ethereal  lolulion  of  magnesium  methyl  iodide  ((;ontaining  9  grams  of 
magnesium),  all  rise  of  temperaturd  being  avoided  by  cooling  in  run- 
ning water.  After  twelve  hours,  the  product  was  decomposed  by 
water  and  dilute  hydrochloric  acid  and  the  ethereal  solution  washed 
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with  water  and  evaporated.  The  oily  residue  was  digested  for  half  an 
hour  with  caustic  potash  (11  grams)  dissolved  in  methyl  alcohol, 
the  neutral  oil  again  precipitated  by  water  and  extracted  with  ether. 
The  ethereal  solution  was  well  washed,  dried  over  calcium  chloride, 
evaporated,  and  the  residual  oil  distilleil  under  reduced  pressure,  when 
almost  the  whole  quantity  passed  over  at  111 — 112°  (16  mm.). 

0-2292  gave  06714  CO^  and  0-1908  H,0.     C  =  79-9;  H  =  9-3. 
CjoHi^O  requires  C  =  800 ;  H  =  9  3  per  cent. 

Tp-Tolt/ldimethylcarbinol  has  a  rather  pleasant  sweet  odour  quite 
distinct  from  that  of  terpineol.  Cooled  in  liquid  air,  it  solidified 
to  a  glassy  mass  cracked  all  through,  and  this  again  became  almost 
liquid  at  -  20*^.  When,  however,  the  test-tube  containing  the 
substance  was  taken  out  of  the  liquid  air  and  rubbed  with  a  glass  rod, 
the  whole  suddenly  crystallised  to  an  opaque  solid  at  about  —  20° ;  this 
gradually  melted,  and  the  melting  point  registered  by  a  thermometer 
placed  in  the  melting  liquid  was  seen  to  be  about  +  5^ 

Tp-Toli/ldimetht/lcarbinolphenylurtthane, 
Me-CeH4-CMe./0-C0-NH-C^H,. 

In  preparing  this  derivative,  the  alcohol  (3  gi-ams)  was  mixed  with 
phenylcarbimide  (2*5  grams)  in  a  small  flask  fitted  with  an  air  con- 
denser, and  after  heating  on  the  water-bath  for  three  hours  the 
liquid  was  allowed  to  stand  for  three  days.  The  contents  of  the  flask, 
which  had  become  almost  solid,  were  left  in  contact  with  porous  porce- 
lain until  quite  dry,  and  the  residue  purified  by  recrystallisation  from 
dilute  methyl  alcohol. 

0-1402  gave  66  c.c.  of  nitrogen  at  18°  and  760  mm.     N  =  54. 
CjyHjgOjN  requires  N  =  5"2  per  cent. 

This  phenylurethane  crystallises  from  dilute  methyl  alcohol  in  small 
needles  and  melts  at  119  —120''. 

■^-Methijli  sopropenylbenz&ne. 

This  hydrocarbon  is  readily  prepared  by  acting  on  ethyl  ^-toluate 
with  an  excess  of  magnesium  methyl  iodide,  when  the  latter  acts  as  a 
dehydrating  agent  and  converts  a  considerable  quantity  of  the  p-tolyl- 
dimethylcarbinol,  first  formed,  into  p-methyli«opropenylbenzene. 

The  quantities  actually  employed  were  :  ethyl  p-toluate  (33  gi-ams), 
magnesium  (14  grams),  and  methyl  iodide  (85  grams). 

The  reaction  was  allowed  to  proceed  without  cooling,  and  the  pro- 
duct was  isolated  in  the  manner  described  on  the  preceding  page. 

The'oil  thus  obtained,  which  consists  of  a  mixture  of  hydrocarbon 
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and  alcohol,  was  digested  for  one  hour  with  powdered  potassium 
hydrogen  sulphate  in  order  to  convert  the  alcohol  into  hydrocarbon, 
water  was  then  added  and  the  oil  distilled  in  steam.  The  distillate 
was  extracted  with  ether,  the  ethereal  solution  evaporated,  and  the 
residue  fractionated,  when  almost  the  whole  quantity  passed  over  at 
186—188°  (780  mm.). 
The  hydrocarbon  was  then  twice  distilled  over  sodium  and  analysed : 

0-1508  gave  05014  CO2  and  0-1227  U^O.     G  =  90-9  ;  H  =  9-1. 
CjqHj2  requires  C  =  90-9;  H  =  9-l  per  cent. 

^-MethyUsopropenylhenzene  distils  constantly  at  187°  under  780  mm. 
pressure  and  possesses  an  odour  similar  to  that  of  cinnamene,  but  at 
the  same  time,  especially  when  hot,  it  has  a  slight  odour  of  lemons. 
When  cooled  in  liquid  air,  the  hydrocarbon  solidified  in  definite  leaf- 
like crystals,  and  on  removing  the  test-tube  from  the  liquid  air  and 
allowing  it  to  gradually  melt  a  thermometer  placed  in  the  liquid 
indicated  a  melting  point  of  approximately  —  20°. 

p-Methylisopropenylbenzene  combines  readily  with  two  atoms  of 
bromine,  as  the  following  experiment  shows.  The  hydrocarbon 
(3-8  grams)  was  dissolved  in  two  volumes  of  chloroform,  cooled  to 
-  10°,  and  a  solution  of  bromine  in  two  volumes  of  chloroform  added 
until  the  colour  remained  permanent,  when  it  was  found  that  4'4 
grams  of  bromine  had  been  absorbed,  whereas  the  formation  of  a 
dibromo-addition  product  requires  the  absorption  of  4-6  grams  of 
bromine. 

The  chloroform  was  removed  by  aspirating  a  current  of  dry  air 
through  the  solution,  the  oily  residue  allowed  to  remain  for  two  days 
over  paraffin  wax  and  solid  caustic  potash  in  an  exhausted  desiccator, 
and  analysed. 


0-3064  gave  0-3906  AgBr.     Br  =  54-3. 

CioHijBr.^  requires  Br  =  54-7 


per  cent. 


^Methyldibt'omoi^oprojienylhenzene  rapidly  becomes  yellow  on  ex- 
posure to  light  and  air.  When  distilled  under  15  mm.  pressure,  an  oil 
passes  over  at  105 — 158",  wliich,  however,  contains  only  45  percent,  of 
bromine,  showing  that  some  decomposition  had  taken  place  during  the 
distillation. 

Tin  NitroHOchloride. — In  preparing  this  derivative,  the  hydrocarbon 
(1  CO.)  was  dissolved  in  mothyl  alcohol  (1  c.c),  and  after  cooling  to 
—  J0°  mixed  with  woamyl  nitrite  (r5  c.c).  Concentrated  hydro- 
chloric acid  (ri  c.c.)  and  acetic  acid  (0-5  c.c.)  were  added  drop  l)y 
drop  from  a  burette  and  the  whole  allowed  to  remain  for  one  hour  in  the 
freezing  mixture.  Wlion  poured  into  ice  water,  an  oil  was  j>rocipitatod, 
and  when  this  hod  become  almost  solid  it  was  left  in  contact  with 
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porous  porcelain  until  quite  dry,  rapidly  washed  at  the  pump  with  a 
little  methyl  alcohol,  and  then  recrystallised  from  this  solvent. 

01708  gave  10-5  c.c.  of  nitrogen  at  16°  and  746  mm.     N  =  70. 
CioHjjNOCl  retjuires  N  =  7*1  per  cent. 

T^- Methyl'x&opropenylbenzene  nitrosoclUoride  melts  at  100 — 102'^  and  is 
readily  soluble  in  benzene  or  hot  methyl  alcohol,  but  sparingly  so 
in  light  petroleum.  It  crystallises  from  a  mixture  of  benzene  and 
light  petroleum  in  starry  groups. 

The  Victouia  Univeesity  of  Mancoksteu. 


LXV. — Experiments  on  the  Si/nthesis  of  the  Terpenes, 
Part  III.  Synthesis  of  Aliphatic  Compounds 
similar  in  constitution  to  Terpineol  and  Dipentene. 

By  William  Henry  Perkik,  jun.,  and  Samuel  Shbowder  Pic&lks. 

It   is   often   assumed,    largely   as   the  result  of    Baeyer's  roaeareh— 

on  the  reduction  of  the  phthalic  acids,  that,  when  derivatives  of 
benzene  are  reduced,  they  not  only  lose  their  aromatic  character,  but  at 
the  same  time  acquire  properties  similar  to  those  of  open  chain  com- 
pounds of  the  aliphatic  series.  Since  the  terpenes  are  reduced  benzene 
derivatives,  it  occurred  to  us  that  it  would  be  interesting  to  attempt 
to  prepare  open  chain  compounds  as  closely  allied  as  possible  to  the 
typical  substances  tei-pineol  and  dipentene  in  order  to  determine 
whether  any  great  similarity  in  pi-operties  existed  between  such  open 
chain  compounds  and  these  members  of  the  terpene  group.  Our 
special  object  was  to  synthesise  an  alcohol  which  contained  the  double 
linking  and  the  tertiary  alcohol  group  -CMe^'OH  in  the  same  posi- 
tions as  in  terpineol  and  which  would,  on  elimination  of  water,  yield 
a  hydrocarbon  in  which  the  double  linkings  are  situated  as  in 
dipentene. 

In  our  first  experiments,  we  subjected  ethyl  allylacetate  to  the  action 
of  magnesium  methyl  iodide  and  then  heated  the  resulting  tertiary 
alcohol  in  the  usual  manner  with  potassium  hydrogen  sulphate,  by 
which  means  it  was  converted  into  the  corresponding  hydrocarbon. 

If  this  series  of  reactions  is  represented  thus  : 

Eihrjl  allylacetate,  CHglCH-CHj-CHj-CO.Et, 
Dimethylbutmylcarbinol,  CHjICH-CHo-CHa'CMe^-OH, 

Allyli&opropenyhnelhane,  CH3lCH*CHj*CH2'C«^,j   ^, 


656  PERKIN   AND   PICKLES  :   EXPERIMENTS   ON   THE 

and  these  formulse  compared  with 

re^Twwco^,  Me-C<^^~^^2>CH-CMe2-OH, 
and 

it  will  be  seen  that  the  new  open  chain  alcohol  and  hydrocarbon  closely 
resemble  terpineol  and  dipentene  in  structure. 

DimethTjlbutenylcarhinol  is  a  liquid,  the  odour  of  which  is  undoubtedly 
somewhat  similar  to  that  of  terpineol;  it  distils  at  142 "5°  and  yields 
a  crystalline  phenylurethane  (m.  p.  82°). 

Allylisopropenylmethane  boils  at  92°,  and,  like  dipentene,  readily 
absorbs  oxygen  from  the  air  ;  it  yields  an  oily  tetrabromide  and  a 
crystalline  nitrosochloride  (m.  p.  76°),  but  it  has  a  very  unpleasant 
acrid  odour  which  is  not  in  the  least  like  that  of  dipentene. 

In  order  to  prepare  compounds  still  more  analogous  in  structure  to 
terpineol  and  dipentene,  we  next  submitted  ethyl  ethylallylacetate  to 
the  same  series  of  reactions  as  we  employed  in  the  case  of  ethyl 
allylacetate.     If  the  results  obtained  are  represented  as  follows  : 

Ethyl  ethylallylacetate,  GK/^^^^yOH.'C0^Y>t, 
Dimethylethylisobutenylcarbinol,  CHo   prr  .pTr^-^CH'CMeg'OH, 

EthylallyUsopropenyhuthane,  CHg^pxT  .pTT^l!>CH*C'^^  ^, 

the  great  similarity  in  constitution  *  between  the  two  latter  substances 
and  terpineol  and  dipentene  will  at  once  be  evident. 

In  investigating  these  substances,  it  was  interesting  to  find 
that  their  properties  approximate  much  more  closely  to  those  of 
terpineol  and  dipentene  than  is  the  cise  with  the  substances  dimethyl- 
buteuylcarbinol  and  allylwopropenyl methane. 

Dimethylethylbutenylcarbinol  boils  at  165°  and  has  a  pronounced 
odour  of  terpineol  and  of  peppermint ;  othylallylisopropenylniethane 
boils  at  127°  and  has  a  pleasant  odour  of  lemons  and  of  peppermint, 
but  the  odour  is  different  from  that  of  dipentene. 

The  introduction  of  ethyl  in  the  latter  case  has  entirely  removed 
the   unpleasant   acrid    odour    which    characterised    allyh'aopropenyl- 

•  Thc!  Hitiiilarity  in  Htmcturo  botwnon  those  opnii  chain  conipoiindH,  on  the  ono 
linnd,  an«l  A'-noinicnthonoliS)  and  ^"'(•'•iionncnthndicno  on  tlio  other  (coniparo 
tlio  followinf{  pnppr,  p.  662)  it*  perhaps  still  more  striking,  since  the  diiroronco  in 
thc  [losition  of  ono  of  thc  doulilc  linkings  is  not  likely  to  bring  about  much 
alteration  io  properties. 
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methane.  Like  dipentene,  ethylallylwopropenylmethane  yields  a 
tetrabromide,  but,  unlike  the  terpene,  it  does  not  appear  to  absorb 
oxygen  from  the  air  ;  this  behaviour  is  curious,  since,  as  has  already 
been  mentioned,  allylwopropenylmethane  exhibits  this  property  in  a 
striking  manner. 

The  results  of  this  investigation  indicate  that  open  chain  compounds 
analogous  in  structure  to  the  terpenes  and  their  derivatives,  while 
showing  certain  similarities  in  behaviour,  nevertheless  possess  pro- 
perties different  from  those  exhibited  by  the  latter. 

It  appears,  therefore,  probable  that  the  closed  chain  structure  has 
a  distinct  influence  on  the  properties  of  the  terpenes  and  their 
derivatives. 

DimethylbuUnylcarbinol,  CH.^:CH-CH./CE[,'CMe,'OH. 

In  preparing  this  substance,  pure  ethyl  allylaoetate  (30  grams)  was 
added  to  an  ethereal  solution  of  magnesium  methyl  iodide  containing 
23  grams  of  magnesium.  Very  little  action  appeared  to  take  place  at 
first,  but  after  a  short  time  the  ether  commenced  to  boil  and  continued 
doing  so  for  about  fifteen  minutes.  After  standing  overnight,  the 
product  was  decomposed  by  water  and  dilute  hydrochloric  acid,  the 
ether  separated,  washed  with  a  little  sodium  sulphite  to  remove  iodine, 
evaporated,  and  the  oily  residue  digested  with  methyl-alcoholic  potash 
in  order  to  hydrolyse  the  unchanged  ester  which  might  be  present. 
The  whole  was  diluted  with  water,  extracted  with  ether,  and,  after 
washing  well,  drying  over  calcium  chloride,  and  evaporating,  the  oil 
was  purified  by  fractionation.  In  this  way,  23  grams  were  obtained 
which  distilled  constantly  at  142-5°  and  gave  the  following  results  on 
analysis  : 

01660  gave  0-4486  CO,  and  01858  HjO.     C-73-7;  H=12-4. 
C,Hi^O  requires  C  =  73-7  ;  H=  123  per  cent. 

Dimethylbutenylcarhinol  is  a  colourless  oil,  possessing  a  very  pro- 
nounced but  not  unpleasant  odour,  which  is  somewhat  similar  to  that 
of  terpineol ;  it  is  soluble  in  much  water,  but  did  not  solidify  when 
placed  in  a  freezing  mixture  of  ice  and  salt.  An  experiment  on  the 
action  of  dilute  sulphuric  acid  on  the  alcohol  was  tried  in  the  hope  of 
obtaining  the  corresponding  dihydric  alcohol,  but  without  success.  The 
alcohol  (6  grams)  was  mixed  with  5  per  cent,  sulphuric  acid  (750  c.c), 
shaken  until  completely  dissolved,  and  then  left  at  the  ordinary  tempera- 
ture for  four  weeks.  The  solution  was  saturated  with  ammonium 
sulphate  and  extracted  with  ether,  but  the  extract  was  found  to  con- 
sist almost  entirely  of  the  unchanged  alcohol. 

The  phenylurethane,  C-H^gO-CO-NH-C^Hj,  was  prepared  by  heating. 
the  alcohol  (3  grams)  with  phenylcarbimide  (2-5  grams)  for  two  hours 
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on  the  water-bath.     The    product,   which    solidified  on  cooling,    was 
crystallised  several  times  from  methyl  alcohol. 

0-1762  gave  9  c.c.  of  nitrogen  at  19°  and  774  mm.     N  =  6-0. 
Cj^HjgOgN  requires  N  =  60  per  cent. 

Dimethylhutenylcarhinol    phenylurethane    crystallises    from    methyl 
alcohol  in  prismatic  needles  and  melts  at  82°. 


Allyli&opropenylmethatie,  CHgiCH'CHg'CHg'CMelCHg. 

This  hydrocarbon  was  prepared  by  boiling  dimethylbutenylcarbinol 
(12  grams)  with  powdered  potassium  hydrogen  sulphate  (18  grams)  for 
one  hour  in  a  reflux  apparatus  heated  by  means  of  an  oil-bath. 

The  product  was  distilled  and  the  distillate  fractionated,  when  almost 
the  whole  quantity  passed  over  at  90 — 96°,  and  after  twice  distilling 
over  sodium  the  following  analysis  was  made  : 

01126  gave  0-3615  CO2  and  01274  ap.     C  =  87-5;  H  =  12-5. 
C7H12  requires  C  =  87*5  ;  H  =  12-5  per  cent. 

AUylisopropenylniethane  boils  at  92°,  has  an  acrid  and  very  un- 
pleasant odour,  and  decolorises  bromine  instantly  in  the  cold. 

In  order  to  prepare  the  bromo-additive  product,  the  hydrocarbon 
was  diluted  with  an  equal  volume  of  chloroform,  the  solution  cooled  to 
-  10°,  and  then  titrated  with  bromine  until  the  colour  ceased  to  be 
discharged,  when  it  was  observed  that  about  the  calculated  quantity 
for  the  formation  of  a  tetrabromide  had  been  absorbed.  By  passing 
a  rapid  current  of  dry  air  through  the  product,  the  chloroform  was 
removed,  but  at  the  same  time  some  hydrogen  bromide  was  eliminated 
and  the  analysis  of  the  residue  consequently  gave  numbers  which  were 
lower  than  the  theoretical. 

0-5306  gave  0-9566  AgBr.     Br  =  76-7. 

CyHjjBr^  requires  Br  =  79*3  per  cent. 

AllylxHopropenylmethane  nitrosochloride,  CyHj2,N0Cl. — This  crystalline 
derivative  in  readily  obtained  by  treating  the  solution  of  the  hydro- 
carbon (3  c.c.)  in  methyl  alcohol  (3  c.c.)  with  i«oamyl  nitrite  (4  5  c.c.) 
and,  after  cooling  to  -  10",  adding,  drop  by  drop,  concentrated  hydro- 
chloric acid  (3'5  c.c.)  and  then  acetic  acid  (0-5  c.c),  when  crystals  of 
the  nitrosocldorido  soon  begin  to  separate. 

After  remaining  in  the  freezing  mixture  for  an  liour,  the  whole  was 
])ourod  on  to  ice,  the  crystals  collected  Jit  the  pump,  drained  on  porous 
[X)rcclain,  and  rocryBtalHsod  from  dilute  methyl  alcohol,  when  colourless 
neo<lloH  were  obtained  which  molted  at  75 — 70°  and  conaisted  of  the 
pure  nitroHOchlorido. 
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01892  gave  01659  AgCl.     Cl  =  2l-9. 

CyHjjNOCl  requires  CI  =  21  9  per  cent. 

Allyh'sopropenylmethane  readily  absorbs  oxygen  from  the  air,  as  was 
proved  by  the  fact  that  a  few  drops  placed  in  a  burette  over  water 
had,  in  three  days,  absorbed  almost  l/5th  of  the  volume  of  air. 


Dirmthylethylhutenylcarhinol,  CHoICH-CHa'CHEt-CAlej-OH. 

The  ethyl  ethylallylacetate  required  for  the  synthesis  of  this  alcohol 
had  not  previously  been  described.  In  order  to  obtain  it,  we  prepared 
ethylallylmalonic  acid  in  quantity  from  ethyl  malonate  by  introducing 
first  ethyl  and  then  allyl  in  the  usual  way  (compare  Hjelt,  B«r.,  1896, 
20,  1856),  and  heated  the  acid  until  evolution  of  carbon  dioxide  had 
ceased.  The  ethylallylacetic  acid  obtained  by  distilling  the  residue 
(143  grams  from  250  grams  of  ethyl  ethylmalonate)  was  dissolved  in  a 
three  per  cent,  alcoholic  solution  of  sulphuric  acid  (480  c.c.)  and  heated 
on  the  water-bath  for  five  hours.  Water  was  then  added,  the  ester 
extracted  with  ether,  the  ethereal  solution  washed  well  with  water  and 
sodium  carbonate,  evaporated,  and  the  residue  fractionated,  when  ethyl 
ethylallykicetate  was  obtained  as  a  colourless,  unpleasant-amelling  oil 
boiling  at  166—167° 

01 668  gave  0-4268  COo  and  01546  H^.     C  =  69-0;  H=10-2. 
CgHnOj  requires  C  =  692  ;  H  =  10-2  per  cent. 

The  ester  (31  grams)  was  added  to  a  solution  of  magnesium  methyl 
iodide  (containing  19  grams  of  magnesium)  and,  after  standing  over- 
night, the  product  was  cautiously  decomposed  by  water  and  dilute 
sulphuric  acid,  the  ethereal  solution  sepai-ated,  washed  with  a  little 
sodium  hydrogen  sulphite,  and  evaporated.  The  residue  was  then 
twice  fractionated,  when  a  colourless  oil  was  obtained  which  distilled 
constantly  at  165°. 

0  1500  gave  0-41 78  CO.3  and  01 702  H^O.     C  =  76-0;  H=12-7. 
CgHjgO  requires  C  =  760  ;  H  =  127  per  cent. 

Dhnethylethylhutenylcarhinol  has  a  very  pronounced  but  pleasant 
odour  of  peppermint,  which,  at  the  same  time,  distinctly  resembles 
that  of  terpineol.  Unlike  terpineol,  however,  it  does  not  appear  to  be 
converted  into  a  dihydric  alcohol  by  long  contact  with  dilute  acids,  as 
the  following  experiment  shows.  The  alcohol  (6  grams)  was  shaken 
with  5  per  cent,  sulphuric  acid  (800  c.c.)  for  four  weeks,  after  which 
practically  the  whole  was  recovered  unchanged  by  extraction  with 
ether  and  fractionation  under  reduced  pressure.  We  were  also  un- 
successful in  our  attempts  to  prepare   a    phenylurethane    from    the 
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alcohol  by  the  action  of  phenylcarbimide,'as  this  substance  acted  simply 
as  a  dehydrating  agent  and  diphenylcarbamide  was  the  only  crystalline 
substance  formed. 

EthylallylisopropenTjlmethane,  CHg'CH'CHg'CHEt-CMelCHg. 

In  preparing  this  hydrocarbon,  dimethylethylbutenylcarbinol  (13 
grams)  was  digested  with  powdered  potassium  hydrogen  sulphate  (20 
grams)  for  two  hours  in  a  reflux  apparatus  heated  in  an  oil-bath. 
Sufficient  water  was  then  added  to  dissolve  the  sulphate,  the  oil 
extracted  with  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
evaporated,  and  the  hydrocarbon  fractionated,  first  alone  and  then  twice 
over  sodium. 

0-1858  gave  0-5880  COg  and  0-2184  HoO.    C  =  86-3;  H  =  13-0. 
0-1672  gave  0-5315  CO2  and  0-1966  H^O.    C  =  86-7;  H  =  13-0. 
CgHig  requires  C  =  87-l;  H  =  12-9  per  cent. 

Uthylallylisop-openi/lmethane  boils  at  127°  (740  mm.)  and  has  a  strong 
odour  of  peppermint  and  at  the  same  time  of  lemons,  the  odour  being 
entirely  different  from  the  unpleasant  odour  of  allyk'sopropenyl- 
methane.  It  differs  also  from  the  latter  hydrocarbon  in  that  it  does 
not  appear  to  oxidise  in  the  air.  This  remarkable  difference  was 
evident  from  parallel  experiments  made  in  burettes  over  water  when 
no  absorption  could  be  observed  in  the  case  of  ethylallyh'sopropenyl- 
methane,  whereas  the  allyh'sopropenylmethane  had,  in  three  days, 
absorbed  almost  the  whole  of  the  oxygen  from  the  volume  of  air 
taken.  Ethylallyh'sopropenylmethane  instantly  decolorises  bromine  in 
the  cold  and,  in  an  experiment  with  three  grams  of  the  hydrocarbon 
carried  out  under  the  conditions  described  on  p.  658,  the  amount  of 
bromine  absorbed  was  almost  exactly  that  required  for  the  formation 
of  a  tetrabromide.  After  removing  the  chloroform  by  a  rapid  current 
of  dry  air,  the  residue  was  left  in  an  exhausted  desiccator  over  caustic 
potash  and  paraffin  wax  for  two  days  and  then  analysed. 

0-2949  gave  0-4762  AgBr.     Br  =  68-7 

CgHjoBr^  requires  Br  =  72-0  per  cent. 

The  reason  for  the  figures  being  lower  than  those  required  by  theory 
18  that  on  standing  in  the  desiccator  the  oil,  which  was  originally 
almost  colourless,  had  become  brown  and  Eome  hydrogen  bromide  was 
eliminated  at  the  same  time. 

Tub  Victoria  Univkiisity  ov  MANciiKsrKu. 
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LXVI. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Part  IV.     Sijnthesis  of  A^-NormenthenoI(S),  A''^^>- 
Normenthadiene,     Normenthanol{8),     ^^^^-Noiinen- 
thene,  (&c* 
By  K61CHI  Matsubaka  and  William  Henby  Pkrkik,  jun. 

By  far  the  greater  number  of  the  terpenes  and  their  derivatives  which 
have  been  extracted  from  the  various  essential  oils  have  been  found  to 
be  closely  related  to  cymene  or  |>-methyhVropropylbeuzene,  and  it  is 
remarkable  that  Nature  should  so  persistently  select  that  hydro- 
carbon as  the  foundation  on  which  to  build  up  the  great  variety  of 
these  products  of  the  vegetable  kingdom. 

In  considering  this  point  it  seemed  to  us  that  it  would  be  interest* 
ing,  for  the  sake  of  comparison,  not  only  to  synthesise  terpenes  derived 
from  0-  and  ?/t-methyli«opropylbenzenes,  but  also  to  invehtigate  the 
properties  of  similarly  constituted  substances  containing  only  the 
/sopropyl  group  attached  to  the  reduced  benzene  ring.  The  latter  part 
of  this  investigation  is  now  complete  and,  in  the  present  paper,  we 
give  an  account  of  a  series  of  substances  closely  related  to  those 
described  in  Part  II  of  this  research,  but  differing  from  them  in  that 
they  do  not  contain  the  methyl  group.  The  starting  point  in  these 
experiments  was  hexahydrobenzoic  acid, 


cH.<;]l;:cS:>cH-'»'H' 


which  was  prepared  by  a  modification  of  Markownikoff's  method  (Ber., 
1892,25,  3357),  namely,  from  benzoic  acid  by  reduction  with  sodium  in 
t«oamyl-;ilcoholic  solution. 

When  this  acid  is  treated  with  phosphorus  pentachloride  and  then 
with  bromine  and  the  product  poured  into  alcohol,  a  good  yield  of 
ethyl  a-bromohexahydrobenzoate, 


CH.<^S::C'H!>CB-CO.Et, 


•  ]u  uaiuiug  these  new  substances,  it  has  been  thought  best,  for  the  sake  of 
continuity,  to  employ  the  same  system  of  nomenclature  as  in  the  other  papers  of 
this  series,  and  the  prefix  "nor"  has  been  adopted  in  order  to  indicate  the  absence 
of  the  methyl  group. 

Furthermore,  in  order  to  avoid  complications  which  otherwise  might  easily  arise, 
the  same  scheme  of  numbering  is  employed  as  before,  that  is : 

^compare  p.  (339),  the  position  7  being  necessarily  omitted 
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is  obtained  and  this  bromo-ester  is  then  readily  decomposed  by  boiling 
with  diethylaniline  with  elimination  of  hydrogen  bromide  and  forma- 
tion of  ethyl  A^-tetrahydrobenzoate, 

This  ester  reacts  readily  with  an  ethereal  solution  of  magnesium  methyl 
iodide  and  is  converted  into  A^-normenthenol(8), 


CH2<^32  (Vg  >C'CMe2-0H, 


a  substance  which  distils  at  96 — 97°  (25  mm.)  and  has  properties  very 
similar  to  those  of  A^-jo-menthenol(8),  from  which  it  differs  only  in  the 
absence  of  the  j^-methyl  group  (compare  this  vol.,  p.  647). 

When  A^-normenthenol(8)  is  mixed  with  an  ethereal  solution  of 
magnesium  methyl  iodide,  the  latter  acts  as  a  dehydrating  agent  and 
converts  the  alcohol  into  A^'^'^'-normenthadiene, 

a  hydrocarbon  which  distils  at  162°,  readily  absorbs  oxygen  from  the 
air,  and  possesses  in  a  marked  degree  the  odour  of  lemons  so  character- 
istic of  dipentene  and  A^-^'^'-jo-menthadiene.  This  latter  property 
seems  to  point  to  the  fact  that  the  odour  of  lemons,  while  somewhat 
modified  by,  is  not  dependent  on,  the  presence  of  the  jo-methyl  group. 
A^^'^'-Normenthadiene  is  also  similar  to  A^-^'^'-p-menthadiene  in  this 
respect,  that  it  is  only  capable  of  combining  with  two  atoms  of  bromine 
to  yield  a  dibromide  which,  doubtless,  has  the  constitution 

and  this  peculiarity  is  due  in  both  cases  to  the  presence  in  the 
hydrocarbons  of  the  grouping  -CC'CQ-,  an  interesting  point  which 
has  been  discussed  in  a  previous  i)aper  (this  vol.,  p.  G41). 

A  curious  result  was  obtained  in  attempting  to  prepare  A^  ^'^*-nor- 
menthadieno  by  the  action  of  powdered  potassium  hydrogen  sulphate 
on  A"-normonthenol(8)  under  the  usual  conditions  as,  although  some 
of  this  hydrocarbon  was  obtained  in  this  way,  the  principal  product 
was  a  hy(lrocarl)on,  CjgII.^„,  which  distils  at  172"  (16  mm.),  and  is 
obviously  a  condensation  product  of  two  molecules  of  normonthadieno  ; 
for  this  reason,  wo  have  named  it  dinormenthadiene  (p.  668). 

Tbia  substance  is  probably  similar  in  structure  to  the  ditorpenos, 
C^^Hg.^,  which  have  boon  isolated  from  copaiva  balsam  and  distil  at 
about  250'\  but  which,  so  far,  have  been  little  investigated. 

Proc«e<ling  with  this  inveHtigation  on  the  lincH  follovvcvl  in    Part  II 
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of  this  series,  we  next  prepared  ethyl  hexahydrobenzoate  and  sub- 
mitted this  to  the  action  of  magnesium  methyl  iodide,  with  the  result 
that  we  obtained  normenthanol(8), 

as  a  colourless  syrup  which  distils  at  196^,  yields  a  phenylurethane 
melting  at  87°,  and  has  an  odour  very  similar  to  that  of  menthol. 

When  this  alcohol  is  digested  with  potassium  hydrogen  sulphate, 
it  behaves  normally  and  is  converted,  with  loss  of  water,  into 
A'**^'-normenthene, 

which  distils  at  158°,  has  a  rather  faint  odour  somewhat  resembling 
that  of  parsley,  does  not  absorb  oxygen  from  the  air,  and  decolorises 
bromine  with  the  formation  of  a  dibromide.  It  will  thus  be  seen 
that  A^'''"-normenthene  has  properties  very  similar  to  those  of 
A^'^'-jo-menthene  (this  vol.,  p.  650). 

We  next  investigated  the  behaviour  of  normentlianol(8)  on  treat- 
ment with  hydrobromie  acid  and  found  that  i-eaction  takes  place 
readily  with  the  formation  of  S-bronuynomtent/tati^, 

CH.,<^g2;^,y;'>CH-CBrMe,. 

which  distils,  with  little  decomposition,  at  105°  (25  mm.)  and,  when 
reduced  with  zinc  dust  and  acetic  acid,  is  converted  into  normentltane 
or  /sopropylhexamethylene, 

'CHo'CHa 


<^H,<^H».^H«>CH-CHMej, 


an  oil  boiling  at  150 — 153°,  which  possesses  an  odour  very  similar  to 
that  of  light  petroleum. 

Lastly,  in  order  that  we  might  compare  their  properties  with  those 
of  the  reduced  benzene  derivatives  described  in  this  paper,  we  prepared 
phonyldimethylcarbinol,  C^H^'CMe-^'OH  (m.  p.  35^^),  and  t«opropenyl- 
benzene,  CgH^'CMelCH.^  (b.  p.  164°),  by  a  new  process,  namely, 
from  ethyl  benzoate  by  treatment  with  magnesium  methyl  iodide  and 
subsequent  elimination  of  water  in  the  usual  manner.  These  sub- 
stances had  already  been  obtained  in  another  way,  and  a  description 
of  their  properties  will  be  found  on  pp.  671  and  672. 

Hexaliydrobenzoic  acid,  CgHu'COjH,  and  its  Ethyl  Ester,  CgHu'COjEt. 

Hexahydrobenzoic  acid  was  first  prepared  by  Aschan  {Ber.,  1891, 
24,  1864  and  2617)  from  ^-bromohexahydrobenzoic  acid  by  reduction 
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with  zinc  dust  and  acetic  acid ;  it  was  subsequently  obtained  syntheti- 
cally, in  small  quantities,  by  the  action  of  pentamethylene  dibromide, 
Br(CH2)5Br,  on  the  sodium  derivative  of  ethyl  malonate  (Haworth 
and  Per  kin,  Trans.,  1894,  65,  103),  and  Markownikoff  {Ber.,  1892, 
25,  3357)  showed  that  it  may  be  prepared  by  pouring  a  solution  of 
benzoic  acid  in  capryl  alcohol  (or  isoamyl  alcohol)  on  to  melted 
sodium.  As  these  processes  were  all  inconvenient  for  the  preparation 
of  the  considerable  quantities  of  this  acid  which  .we  required  for  this 
research,  we  worked  out  the  following  method  of  preparation,  which  is 
similar  to  that  employed  in  the  reduction  of  jo-toluic  acid  (this  vol., 
p.  643),  and  which  allows  of  large  quantities  of  the  pure  acid  being 
prepared  with  much  less  labour  than  hitherto.  Benzoic  acid 
(20  grams)  is  dissolved  in  one  litre  of  isoamyl  alcohol  and,  after 
heating  to  boiling  in  a  large  flask  connected  with  a  wide  reflux 
condenser,  sodium  (100  grams)  is  added  in  two  portions.  As  soon  as 
the  sodium  has  dissolved,  the  mass  is  shaken  with  water  (2  vols.),  the 
aqueous  solution  separated,  and  the  tsoamyl  alcohol  distilled  until  the 
temperature  rises  to  130°,  when  it  is  ready  for  a  subsequent  reduction. 
The  aqueous  extracts  from  several  such  operations  were  evaporated  on 
the  water-bath  until  the  odour  of  isoamyl  alcohol  had  disappeared, 
acidified  with  dilute  sulphuric  acid,  and  extracted  with  ether  ;  the 
ethereal  solution  was  then  washed  with  water,  dried  over  calcium 
chloride,  evaporated,  and  the  residue  distilled. 

The  distillate,  which  consists  of  hexahydrobenzoic  acid  mixed  with 
varying  quantities  of  tetrahydrobenzoic  acid  and  isovaleric  acid, 
is  dissolved  in  dilute  sodium  carbonate,  mixed  with  powdered  ice,  and 
then  a  cold  saturated  solution  of  permanganate  run  in  until  the  colour 
just  remains  permanent,  the  liquid  being  well  stirred  with  a  turbine, 
and  a  stream  of  carbon  dioxide  being  passed  during  the  whole  opera- 
tion. After  removing  any  excess  of  permanganate  by  sodium  sulphite, 
the  product  is  heated  to  boiling  and  the  filtrate  and  washings  of  the 
manganese  precipitate  evaporated  nearly  to  dryness,  acidified,  and 
distilled  in  steam.  The  distillate  is  saturated  with  salt,  extracted 
twice  with  ether,  the  ethereal  solution  washed  with  water,  dried  over 
calcium  chloride,  evaporated,  and  carefully  fractionated  in  order  to 
remove  the  considerable  quantities  of  isovaleric  acid  which  are  always 
present.  In  this  way,  pure  hexahydrobenzoic  acid  is  obtained  as  a 
colourless  oil  distilling  at  229—232°,  and  which  solidifies,  on  cooling, 
to  a  crystalline  mass  which  molts  at  28°. 

Ethyl  llexahydrubenzoate. — In  preparing  this  ester,  the  pure  acid 
(60  grams)  was  mixed  with  a  cold  solution  of  sulphuric  acid  (24  c.c.) 
in  absolute  alcohol  (240  c.c.)  and,  after  standing  overnight,  the 
mixture  was  heated  for  one  hour  on  the  wator-bath.  Wator  was  then 
added,  the  ostor  extracted   with  ether,  the  ethereal  solution   washed 
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with    water    and    sodium     carbonate,   dried   over  calcium   chloride, 
evaporated,  and  the  residue  distilled. 

0115  gave  0-2918  CO.,  and  0-1057  H,0.     0  =  691  ;  H  =  10-2. 
CgHiflO^,  requires  C  =  692  ;  H  =  10-2  per  cent. 

Ethyl  hexdhydrohenzoate  is  a  colourless  oil  which  distils  at  193 — 195° 
and  has  an  odour  resembling  that  of  the  esters  of  the  higher  fatty 
acids.  Aschan  {Aniialm,  1892,  271,  264),  who  first  prepart^l  this 
ester,  gives  the  boiling  {>oint  as  194-5 — 195-5°. 

Ethyl  TetrahydrohenzoaU,  C',Hi,-CO.,Et. 

After  several  experiments,  the  following  process  was  adopted  for 
the  preparation  of  this  ester.  Hexahydrobenzoic  acid  (20  grams)  ia 
mixed  with  phosphorus  pentachloride  (35  grams)  in  a  flask  fitted  with 
a  ground-in  condenser  and,  after  the  reaction  has  subsided,  the 
decomjx)sition  is  completed  by  heating  on  the  water-bath  for  fifteen 
minutes.  The  solution  of  the  acid  chloride  in  phosphorus  oxychloride 
is  cooled,  mixed  with  bromine  (10  c.c),  and  then  heated  on  the  water- 
bath  until  nearly  all  the  bromine  has  disappeared,  an  operation  which 
requires  12 — 15  hours.  The  product  is  then  cooled  and  poured,  in  a 
thin  stream,  into  absolute  alcohol  (300  c c),  the  violent  reaction  being 
controlled  by  running  water.  After  standing  overnight,  water  is 
added,  the  brown  oily  layer  exti-acted  with  ether,  the  ethereal 
solution  washed  with  sodium  sulphite  to  remove  excess  of  bromine, 
then  with  sodium  carbonate,  dried  over  calcium  chloride,  evaporated, 
and  the  residue  fractionated  under  reduced  pressure. 

The  greater  portion  distilled  at  125 — 127''  (25  mm.),  but  the 
numbers  obtained  on  analysis  were  always  too  low,  owing,  apparently, 
to  some  hydrogen  bromide  being  eliminated  during  distillation. 

0-2655  gave  0- 1 999  AgBr.     Br  =  32- 1 . 

CyHj/X^Br  requires  Br  »  34-0  per  cent. 

Ethyl  a-hromoliexaJiydrobenzoate  is  a  heavy  oil  which  possesses  in  a 
marked  degree  the  penetrating,  unpleasant  smell  characl*  ristic  of  the 
esters  of  the  a-bromo-fatty  acids. 

The  conversion  of  this  bromo-ester  into  ethyl  A^-tctrahydrobenzoate 
was  carried  out  as  follows.  The  bromo-ester  (15  grams)  was  mixed 
with  diethylaniline  (25  grams)  and,  after  heating  in  an  oil-bath  at  180° 
for  one  hour,  the  product  was  poured  into  «lilute  sulphuric  acid  and 
extracted  with  ether.  The  ethereal  solution  was  well  washed  with  dilute 
sulphuric  acid,  then  with  dilute  sodium  carbonate,  dried  over  calcium 
chloride  and  evaporated,  and  the  residue  purified  by  fractionation 
under   reduced   pressure.       By   far   the   larger    portion    distilled   at 
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143 — 145°  (100  mm.)  and  a  specimen  boiling  constantly  at   143°  was 
collected  separately  for  analysis. 

0-2443  gave  0-6257  00.^  and  0-2038  H.,0.     (J  =  69'8  ;  H  -  9-3. 
0-2857     „     0-7285  CO^  and  0-2327  HgO.     C-69-6  ;  H  =  91. 
CjiHj^Og  requires  C  =  70-l  ;  H  =  91  per  cent. 

Ethyl  A' -tetrahydrobenzoate  is  a  colourless  oil  possessing  a  pungent 
odour  somewhat  resembling  that  of  hyacinths. 

A^-Normenthenol{S),  CgHg-CMea'OH. 

This  substance  is  readily  obtained  when  ethyl  A^-tetrahydrobenzoate 
(10  grams)  is  added  to  an  ethereal  solution  of  magnesium  methyl 
iodide  (containing  5  grams  of  magnesium),  care  being  taken  to  avoid 
all  rise  of  temperature.  After  standing  overnight,  the  product  was 
decomposed  by  waler  and  dilute  sulphuric  acid,  the  ethereal  solution 
sepai'ated,  washed  with  dilute  sulphuric  acid  and  with  water,  dried  over 
calcium  chloride,  and  evaporated.  On  distilling  the  residue  under 
25  mm.  pressure,  almost  the  whole  quantity  passed  over  at  95 — 100", 
and  after  a  second  fractionation  the  boiling  point  was  constant  at 
96—97°. 

0-1153  gave  0-3268  CO.,  and  0-1173  H^.     0  =  773;  H-11-3. 
CgH^gO  requires  C  =  77-1  ;  H  =  1 1  4  per  cent. 

A^-Nornieiithenol{8)  has  an  odour  like  that  of  cymene  and 
peppermint.  When  cooled  in  liquid  air,  it  solidified  to  a  glass  filled 
with  cracks  but,  on  removing  from  the  liquid  air,  it  became  syrupy  again 
at  about  -  40°.  Distilled  under  the  ordinary  pressure,  it  decomposes  in 
a  curious  manner  ;  at  first  a  good  deal  of  water  is  given  oft",  then,  if  the 
operation  is  rapidly  conducted,  about  half  distils  at  195 — 197°,  the 
distillate  having  an  unpleasant  acrid  odour  like  that  of  burning  fat, 
A  considerable  amount  of  a  loss  volatile  residue  remains  in  the  flask 
and  appears  to  consist  of  diuormeathadiene  (compare  p.  668). 

Tiiis  liydrocarbon  is  formed  when  A'''-normenthonol(8)  is  digested 
with  potassium  liydrogon  sulphate  but,  owing  to  the  formation  of  di- 
norinenthadieno  and  other  condennation  products,  the  yield  obtained  is 
HometiiiieH  very  small,  Tlie  best  method  of  preparing  it  is  to  treat 
ethyl  A'-tetraliydrobenzoato  witli  a  large  excess  of  magnesium  methyl 
iodide,  when  tlic  oxcors  of  the  latter  acts  as  a  dehydrating  agent  on 
the  A'-nornK'nthonol(8)  which  is  first  formed. 

Kthyl  A'-totrahydrobonzoato  (1  mol.)  was  added  to  an  ethereal 
oolutiou    uf   mugnusium    methyl    iodide   (4    muls.)   and    the   reaction 
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allowed  to  proceed  without  cooling.  After  24  hours,  the  product  was 
treated  with  water  aud  dilute  sulphuric  acid,  the  ethereal  solution 
separated,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
fractionated  under  the  ordinary  pressure.  Almost  the  whole  quantity 
distilled  at  IGO — 170",  and  after  this  had  been  again  carefully 
fractionated,  the  oil  which  passed  over  at  159 — 162^  was  three  times 
distilled  over  sodium. 

01602  gave  0-5198  CO.^  and  01632  H.A     C  =  88-5  ;  H^US. 
C,,llj^  requires  C  =  88-5  ;  H  =  11-5  per  cent. 

^''^'^^-Not^nienthadiene  distils  at  161 — 162"  (760  mm.)  and  has  a 
sti'ong  odour  of  lemons  and  oil  of  tur{)entine  which  resembles,  and  yet 
differs  from,  that  of  dipentene.  It  oxidises  rapidly  in  the  air,  as  was 
shown  by  the  fact  that  a  small  quantity  confined  in  a  burette  over 
water  had,  in  four  days,  absorbed  nearly  one-fifth  of  the  volume  of 
air  taken.  When  cooled  in  liquid  air,  it  solidiOes  to  a  gl&ss  which 
liquetios  again  at  a  very  low  temi)erature.  The  behaviour  of  this 
hydrocarbon  towards  bromine  was  very  carefully  investigated,  and  it 
was  found  that  although  it  contains  two  double  linking8,it  is,  neverthe- 
less, only  capable  of  absorbing  two  atoms  of  bromine,  its  behaviour  in 
this  I'espect  being  exactly  similar  to  that  of  A'^^'-z^-menthadiene 
(p.  648).  The  hydrocarbon  (2  04  grams)  was  dissolved  in  three 
times  its  volume  of  chloroform,  cooled  to  -  10"^,  and  then  a  standard 
solution  of  bromine  in  chloroform  was  added,  any  rise  of  tempera- 
ture being  carefully  avoided.  The  colour  disappeared  at  first 
instantly,  but  when  2*2  grams  of  bromine  had  been  added,  traces  of 
hydrogen  bromide  were  observed,  and  after  2  4  grams  had  been  run  in, 
the  colour  was  discharged  only  very  slowly  and  then  with  copious 
evolution  of  hydrogen  bromide.  For  the  formation  of  a  dibromide, 
the  amount  of  hydi-ocarbon  taken  should  have  decolorised  2  67  grams 
of  bromine,  so  that  it  is  obvious  that  normenthadiene  is  only  capable 
of  yielding  a  dibromide  by  the  direct  addition  of  bromine.  The 
product  obtained  in  the  above  experiment  after  2-45  grams  of  bromine 
had  been  added  was  freed  from  chloroform  by  passing  a  I'apid  current 
of  dry  air,  and  the  residue  allowed  to  remain  for  two  days  over  caustic 
potash  and  paraffin  wax  in  an  exhausted  desiccator.  The  analysis  then 
gave  numbers  agreeing  approximately  with  those  requii-ed  for  the 
dibromo-additive  product  of  the  hydrocarbon. 

0-2894  gave  03908  AgBr.     Br  =  57-5 

C.iHj^Br,  requires  Br  =  56*7  per  cent. 

The  constitution  of  this  dibi*omide  is  discussed  on  p.  662. 
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Dinormentkadiene,  CjgHgg. 

In  our  first  attempts  to  prepare  A^  ^'^'-normenthadiene,  a  quantity  of 
A^-normenthenol(8)  was  digested  with  potassium  hydrogen  sulphate  in 
the  usual  way.  On  submitting  the  product  to  distillation  in  steam, 
we  were  surprised  to  find  that  only  a  very  small  quantity  of  oil  passed 
over  readily,  the  remainder  being  volatile  only  with  great  difficulty. 
Erom  the  steam  distillate,  a  small  quantity  of  A^-^'^'-normenthadiene 
only  was  obtained,  a  good  deal  of  a  less  volatile  oil  being  present. 
This  latter  was  mixed  with  the  ethereal  extract  of  the  steam  distilla- 
ation  flask  and  submitted  to  careful  fractionation.  In  this  Avay,  a 
considerable  quantity  of  a  pale  yellow  oil  was  obtained  which  distilled 
constantly  at  170 — 172°  (16  mm.),  but  a  large  amount  of  a  less 
volatile  residue  was  left.  The  analysis  of  the  oil  distilling  at  170 — 172° 
(16  mm.)  gave  the  following  results  : 

0-2080  gave  06754  COg  and  0-2102  H2O.     0  =  88-5  ;  H  =  ll-3. 
0-2498     „     0-8060  CO2    ,,     0-2517  HgO.     0  =  880;  H=  11-2. 
CjgHgg  requires  0  =  88-5  ;  H  =  11-5  per  cent. 

A  determination  of  the  molecular  weight  of  this  substance  by  the 
cryoscopic  method,  using  benzene  as  the  solvent,  gave  246  and  227, 
whereas  the  molecular  weight  of  OjgHgg  is  244,  There  can  therefore 
be  no  doubt  that  this  substance  is  dinormenthadiene,  produced  by  the 
condensation  of  two  molecules  of  A^-*'*'-normenthadiene.  When  the 
solution  of  this  substance  in  dry  ether  is  saturated  with  hydrogen 
chloride,  it  becomes  first  yellow,  then  brown,  and  lastly  an  intense 
violet,  but  no  crystals  of  a  hydrochloride  separate. 


•   NormentIianol{8),  OeHu'OMej'OH. 

This  tertiary  alcohol  is  readily  obtained  by  the  action  of  magnesium 
methyl  iodide  on  ethyl  hexahydrobenzoate  (p.  665). 

Magnesium  (6-7  grams)  suspended  in  ether  was  converted  into 
magnesium  methyl  iodide  in  the  usual  way  and  then  ethyl  hexahydro- 
benzoate  (21-7  grams)  added,  all  rise  of  temperature  being  carefully 
avoided.  After  remaining  overnight  in  running  water,  the  product 
was  decomposed  with  water  and  dilute  hydrochloric  acid  in  the  usual 
manner ;  the  ethereal  solution  was  then  separated  and  evaporated.  In 
order  to  decompose  unchanged  ethyl  hoxahydrobenzoato  which  was 
found  to  be  present,  the  oil  was  digested  for  half  an  hour  with  7  grams 
of  caustic  potash  (dissolved  in  methyl  alcohol),  water  was  thou  added, 
and  the  oil  again  extracted.  The  ethereal  solution  after  being  well 
washed   with  water  and   dried  over  calcium  chloride,  deposited,   on 
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evaporation,    an   oil   which,  after  two   fractionations  under  25  mm. 
pressure,  distilled  constantly  at  100 — 102°. 

0-2002  gave  0-5575  CO.^  and  02265  H.3O.     C-75-9  ;  H=  12-6. 
CyH^gO  requires  0  =  760;  H  -  1 27  per  cent. 

Normentfianol{8)  is  a  viscid,  colourless  liquid,  which  has  a  pleasant 
pungent  odour  similar  to  that  of  menthol ;  when  cooled  in  liquid  air, 
it  solidifies  to  a  glassy  mass  filled  with  cracks,  and  becomes  syrupy 
again  at  about  -  30°.  If  small  quantities  are  rapidly  distilled  under 
ordinary  conditions,  a  little  water  seems  to  pass  over  at  first,  but  then 
almost  the  whole  quantity  distils  at  195 — 196°  (743  mm.)  apparently 
almost  without  decomposition. 

The  ])henylurethane,  CgHjj'CMe./O'CO'NH'CjHj,  was  prepared  by 
mixing  the  alcohol  (4-1  grams)  with  phenylcarbimide  (3  5  grams); 
the  mixture  was  left  at  the  ordinary  temperature  for  two  days,  heated 
at  60°  for  one  hour,  and  then  at  90°  for  another  hour.  The  almost 
solid  mass  was  spread  on  porous  porcelain  until  dry,  and  purified  by 
repeated  recrystallisation  from  dilute  methyl  alcohol. 

0-2500  gave  11-8  c.c.  of  nitrogen  at  15°  and  761  mm.     N  =  5-6. 
C^jHjjOjN  requires  N  =  5-4  per  cent. 

Namienthanolphenylurethane  is  readily  soluble  in  methyl  alcohol  and 
crystallises  from  the  diluted  solvent  in  slender  needles  which  melt 
at  86—87°. 

Normenthanol(8)  exhibits  greater  stability  towards  dehydrating 
agents  than  most  of  the  analogously  constituted  tertiary  alcohols,  and 
in  order  to  convert  it  into  the  hydrocarbon,  prolonged  boiling  with 
potassium  hydrogen  sulphate  was  found  to  be  necessary. 

The  crude  alcohol,  prepared  from  ethyl  hexahydrobenzoate  (30  grams) 
in  the  manner  described  in  the  last  section,  was  digested  with 
powdered  potassium  hydrogen  sulphate  (45  grams)  for  one  and  a  half 
hours.  Sufficient  water  was  then  added  to  dissolve  the  sulphate,  and  the 
oil  extracted  with  ether  and  fractionated,  when  about  half  distilled 
below  170°.  The  remainder,  which  consisted  mainly  of  unchanged 
alcohol,  was  again  digested  with  potassium  hydrogen  sulphate,  and  the 
oil  from  both  operations  which  distilled  below  170°  was  several  times 
fractionated,  at  first  alone  and  then  three  times  over  sodium. 

01985  gave  0-6320  CO^  and  02283  HjO.     0  =  868  ;  H=  128. 
OgHjj  requires  0  =^  871 ;  H=  12-9  per  cent. 

A^^^^-Nonnenthene  boils  at  157 — 158°  and  has  a  faint  odour  some- 
what resembling  that  of  parsley  ;  it  does  not  absorb  oxygen  from  the 
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air,  and  is  apparently  not  reduced  when  its  solution  in  alcohol  is 
treated  with  sodium. 

It  decolorises  bromine  readily  with  the  formation  of  a  dibromide,  as 
the  following  expei'iment  shows.  The  pure  hydrocarbon  (1'35  grams) 
was  dissolved  in  twice  its  volume  of  chloroform,  and,  after  cooling  to 
-  10°,  a  standard  solution  of  bromine  in  chloroform  was  run  in. 

The  colour  disappeared  instantly  until  1"7  grams  of  bromine  had 
been  added,  whereas,  for  the  formation  of  a  dibromide,  1*74  grams 
should  have  been  absorbed.  No  evolution  of  hydrogen  bromide  was 
observed  during  this  experiment,  but  after  removing  the  chloroform  by 
a  current  of  dry  air  and  leaving  the  residue  in  an  exhausted  desiccator 
over  caustic  potash  and  paraffin  wax  for  two  days,  the  oil  had  darkened 
in  colour  and  some  decomposition  had  taken  place,  as  the  following 
analysis  shows  : 

0-2813  gave  0-3505  AgBr.     Br  =  53-0. 

CgHjgBrg  requires  Br  =  56-3  per  cent. 

S-Bromonormenthane,  CgHj^'CBrMeo,  and  Norinenthane,  CgHj^'CHMog. 

When  normenthanol(8)  is  shaken  in  a  stoppered  bottle  with  five 
times  its  volume  of  fuming  hydrobromic  acid  (saturated  at  0°),  it 
dissolves,  and,  in  a  few  seconds,  8-bromonormenthane  separates  as  an 
oil  on  the  surface  of  the  hydrobromic  acid.  After  thoroughly  shaking 
for  half  an  hour,  the  stopper  was  tied  down  and  the  whole  heated  at 
50°  for  fifteen  minutes,  water  was  then  added,  and  the  heavy  oil 
extracted  with  carefully  purified  ether.  The  ethereal  solution  was 
washed  three  times  with  water,  dried  over  calcium  chloride,  the  bulk 
of  the  ether  distilled  off  at  as  low  a  temperature  as  possible,  and  the 
oily  residue  left  over  sulphuric  acid  in  an  exhausted  desiccator  for 
24  hours. 

0-4632  gave  0-4204  AgBr.     Br  =  38-9. 

CgHj^Br  requires  Br  =  39-0  per  cent. 

When  %-hromon(ynnenthane  is  distilled  under  25  mm.  pressure, 
almost  the  whole  quantity  passes  over  at  105°  as  a  colourless  oil, 
which  possesses  an  unpleasant  odour  very  similar  to  that  of  the  higher 
bromides  of  the  fatty  series.  An  analysis  of  the  distilled  oil  seems  to 
indicate  that  during  distillation  slight  decomposition  takes  place  with 
elimination  of  traces  of  hydrogen  bromide. 

0-6904  gave  0-5298  AgBr.     Br  »  38-2. 

8-Bromomenthane  decomposes  with  formation  of  clouds  of  hydrogen 
bromide  if  an  attempt  is  made  to  distil  it  under  ordinary  conditions. 
In  our  experiments  on  the  preparation  of  normenthane,  8-bromo- 
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normenthane  was  reduced,  tirst  with  zinc  dust  and  acetic  acid  and 
then  with  sodium  and  alcohol,  and  the  hydrocarbon  was  fi-eed  from 
unsaturated  impurity  by  oxidation  with  cold  permanganate,  the  whole 
pi'ocess  l)eing  similar  to  that  employed  in  the  reduction  of  S-bromo-jD- 
mentliane  to  />-menthane  (p.  651).  The  hydrocarl)on  was  then  purified 
by  three  distillations  over  sodium. 

01501  gave  0  4695  COa  and  01919  HjO.    C  =  85-3;  H  =  U'3. 
O.jHjg  requires  0  =  85-7;  H«-14*3  per  cent. 

Xormenthane  (isopropylhexamethylene)  distils  at  150 — 153° 
(755  mm.)  and  is  a  colourless,  very  volatile  oil  which  possesses  an 
odour  closely  resembling  that  of  an  aliphatic  hydrocarbon.  There  does 
not  appear  to  be  any  definite  evidence  that  this  interesting  hydro- 
carbon had  been  previously  obtained.  Bamberger  and  Langfeld  {Ber.^ 
1890,23,  1158)  heated  tetrahydroquinoline  with  hydriodic  acid  and 
phosphorus  at  230^  and  obtaineil,  in  a  yield  of  less  than  0*25  per  cent., 
a  hydrocarbon  which  distilled  at  146— HS'^  (720  mm.),  and  which 
they  considered  might  j)ossibly  \vd  i«opropylhexamethylene.  A  hydro- 
carbon, C.^Hjjj,  has  al?o  been  isolated  from  resin  oil  by  Kenard  {Ann. 
Ckiin.  Phya.,  1884,  [vi],  1,  229),  which  distils  at  147—150^  and  may 
possibly  be  wopropylhexamethylene,  but  there  does  not  seem  to  be 
sufficient  evidence  to  justify  its  appearing  under  this  name  in  Richter's 
Lexikon  (vol.  I,  p.  643). 

Phenyldimethylcarhinol,  CjHj  •  CIVIej  •  OH. 

This   tertiary  alcohol  is  readily   obtained   pure    by    the  action  of 
magnesium  methyl  iodide  on  ethyl  benzoate.  Ethyl  bonzoate  (30  grams 
is  added  to  an  ethereal  solution  of  magnesium  methyl  iodide  (contain- 
ing 9  grams  of  magnesium),  and,  after  standing  overnight,  the  product 
decomposed  by  dilute  hydrochloric  acid  in  the  usual  way. 

The  ethereal  solution  was  evaporated  and  the  residue  digested  with 
methyl-alcoholic  potash  (5  grams  KOH)  for  15  minutes  ;  water  was  then 
added  and  the  oil  again  extracted  with  ether.  Almost  the  whole 
quantity  distilled  at  114 — 115'  (14  mm.),  and  when  this  was  cooled 
in  liquid  air  it  soliditied  to  a  glassy  mass  tilled  with  cracks. 

As  soon  as  the  test-tube  was  removed  from  the  liquid  air,  the  glassy 
mass  began  to  liquefy,  but  on  rubbing  the  semi-solid  substance  with  a 
glass  rod  it  suddenly  bolidified  to  a  hard  mass  of  crystals. 

The  crystals  were  left  in  contact  with  porous  porcelain  until  quite 
dry,  and  were  then  seen  to  consist  of  colourless  needles. 

0-2317  gave  0-6745  CO^  and  0-1827  H^O.     0  =  79-4  ;  H  =  8-8. 
CgHj.jO  requires  0  =  79-4;  H  =  8*8  per  cent. 

Phenyldhnethijlcarbinol  melts  at  about  35 — 37°,  but  owing  to  its 
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extreme  solubility  in  the  usual  organic  solvents  no  attempt  was  made 
to  recrystallise  it. 

Phenyldimethylcarbinol  had  previously  been  prepared  by  Grignard 
(Central  Blatt.,  1901,  ii,  72,  623)  from  acetophenone  by  the  action  of 
magnesium  methyl  iodide,  and  this  chemist  stated  that  it  melts  at  23° 
and  distils  at  9P  (8  mm.).  Klages  {Ber.,  1902,  35,  2636)  shows  that, 
when  prepared  in  this  way,  the  alcohol  always  contains  some  unchanged 
acetophenone,  and  this  probably  accounts  for  the  fact  that  Grignard 
found  a  lower  melting  point  than  we  did. 

iBoFropenylbenzene,  C^-Hj •  CMe!  CHg. 

In  preparing  this  hydrocarbon,  crude  phenyldimethylcarbinol  was 
digested  with  potassium  hydrogen  sulphate  for  half  an  hour. 

Water  was  added  to  dissolve  the  sulphate,  and  the  oil,  after 
extraction  with  ether,  repeatedly  fractionated,  when  almost  the  whole 
quantity  distilled  at  165"^  (764  mm.).  This  was  twice  distilled  over 
sodium  and  analysed. 

0-1795  gave  06031  CO.^  and  01357  H^O.     0  =  916  ;  H  =  8-4. 
CgHjQ  requires  0  =  915;  H  =  8-5  per  cent. 

When  cooled  in  liquid  air,  isopropenylbenzene  crystallises  in  leaflets, 
and  after  removing  from  the  liquid  air  a  thermometer  placed  in  the 
melting  mass  remained  at   -22°  for  a  considerable  time. 

Klages  {loc.  cit.,  p.  2640)  had  previously  prepared  isopropenyl- 
benzene  (methylvinyl benzene)  from  plienyldimethylcarbinol  by  the 
action  of  an  excess  of  magnesium  nietliyl  iodide,  and  also  Tiffeneau 
{Compt.  rend.,  1902,  135,  845)  by  distilling  the  same  alcohol  with 
anhydrous  oxalic  acid. 

Action  of  Bromine. — woPropenylbenzene  (3*34  grams)  was  dissolved 
in  twice  its  volume  of  chloroform,  cooled  to  —  10°,  and  titrated  with  a 
standard  solution  of  bromine  in  chloroform,  when  4-6  grams  of  bromine 
were  decolorised,  or  almost  exactly  the  quantity  (4  53  grams)  required 
for  the  formation  of  the  dibroniide.  Attempts  to  purify  the  product 
by  fractionation  were  unsuccessful,  as  although  almost  the  whole 
(juantity  distilled  at  147 — 150"  (20  mm.),  some  hydrogen  bromide  was 
eliminated  during  the  operation. 

TliK  SoinJNcK  Laboratory, 
Tub  Victouia  Univkrhity  ov  Manciiebtkk. 
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LXVII. — Some  Denvatives  of  Anhydracetonehenzil. 

By  FuANCis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc.,  Carnegie 
Scholar  in  the  University  of  Aberdeen. 

The  condenBations  of  benzil  with  saturated  aliphatic  ketones  to  form 
anhydracetonehenzil  and  its  homologues  have  been  studied  in  consider- 
able detail  by  one  of  us  in  conjunction  with  various  collaborators.  It 
appeared  of  interest  to  ascertain  what  course  the  reaction  would  take 
in  the  case  of  an  unsaturated  ketone  and  to  compare  the  product  with 
that  obtained  from  the  corresponding  saturated  ketone.  We  selected 
for  this  purpose,  as  an  unsaturated  ketone,  methyl  t«obutenyl  ketone, 
CH3*CO"CH!C(CH3)2,  and,  as  a  saturated  ketone,  methyl  i«obutyl 
ketone. 

Methyl  isobutenyl  ketone  condenses  with  benzil  under  the  intiuence 
of  potassium  hydroxide  to  form  fi-isopropi/lUl&nmnhtjdracetonebenzil, 
C«H,-C=CHv 

I  >C0  (m.   p.   205-5°),   the    reaction    thus   taking 

CfiHs  •C(OH)  •C^C(CH3),, 

place  exactly  as  in  the  case  of  the  satui-ated  ketones  already  studied, 
except  that  the  presence  of  the  bivalent  i«opropylidene  group  prevents 
the  simultaneous  formation  of  an  isomeric  a-compound.  This  con- 
densation compound  yields  an  acetyl  derivative  (m.  p.  139 — 140°  and 
154 — 155°,  dimorphous),  the  formation  of  which  is  rendered  possible 
by  the  circumstance  that  the  condensation  compound  has  no  hydrogen 
in  the  /^-position,  as  otherwise  derivatives  of  anhydracetonehenzil 
merely  undergo  dehydration  under  the  influence  of  acetic  anhydride. 
When  reduced  by  brief  boiling  with  hydriodic  acid,  )8-wopropylidene- 
anhydi-acetonebenzil       yields        diphent/lisopropylidenecyclopentenoiie, 


CeH.-C-CHjs^ 

II  yCO  (m.  p.  171°),  the  usual  change  in  the  position 

C«H,.C— C^C(CH3), 

of  the  double  bonds,  so  as  to  form  a  stilbene  group,  occurring  during 
the  process  (compare  Japp  and  Murra^r,  Tmns.,  1897,  71,  145;  Japp 
and  Meldrum,  1901,  79,  1026). 

Methyl  isobutyl  ketone  and  benzil,  when  condensed  by  means  of 
potassium  hydroxide,  yield  a  mixture  of  a-isopropt/lanhydracetonebenzil, 
C,H,-C==C^CH(CH3)., 

I  ^CO  (m.  p.   142°),    and   p-\&opropyl<inhydr- 

CeH5-C(0H)  -CH./ 

C6H5-C=CHv 
acetonehemil,  \  /CO  (m.    p.    161-5°).      The 

CeH5-C(0H)-CH— CH(CH3)2 
former  compound  condenses  with  benzaldehyde,  under  the  influence 
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of  potassium  hydroxide,  to  yield  benzi/Udene-a-hopi'opylanhi/dracetone- 

CaH.'C  C^CH(CH3), 

benzil,  \  >C0  ^  (m.  p.  179°). 

CeH,-C  (0  H)  •  C4.CH-CeH, 
We  had  oi'iginally  contemplated  carrying  out  the  complete  reduction 
of  /3-isopropylideneanhydracetonebenzil,  and  of  one  of  the  wopropyl- 
anhydracetonebenzils,  with  hydriodic  acid  and  red  phosphorus,  so  as 
to  obtain,  if  possible,  from  both  compounds  the  same  hydrocarbon — 
diphenylzsopropylcyc^opentane — and  thus  to  prove  more  conclusively 
the  relation  existing  between  them ;  but  the  separation  of  the  two 
isopropylanhydracetonebenzils  was  so  difficult  that  we  were  compelled 
to  relinquish  our  intention.  Moi"eover,  a  preliminary  experiment 
showed  that  the  reduction  of  /?-?sopropylideneacetonebenzil  beyond  the 
c^c^opentenone  stage  did  not  yield  a  very  satisfactoiy  product. 

At  the  end  of  the  present  paper  we  describe  improved  methods  for 
the  preparation  of  anhydracetonebenzil  and  /8-methylanhydracetone- 
benzil. 

Experimental. 
I.  Condensation  of  Benzil  with  Methyl  isoButenyl  Ketone. 

^•isoPropi/lideneanhydracetonebenzil,  \  /CO  . — 

Twenty  grams  of  benzil,  15  grams  of  methyl  wobutenyl  ketone 
("  mesityl  oxide  "),  and  15  c.c.  of  an  aqueous  solution  of  potassium 
hydroxide  of  33"3  per  cent,  strength  were  introduced  into  a  conical 
flask  fitted  with  a  condensing  tube,  and  the  whole  was  heated  for 
4  hours  on  a  thin  metal  plate  over  a  water-bath,*  the  flask  being 
shaken  from  time  to  time.  The  product,  which  was  very  dark-coloured, 
was  poured  into  warm  water,  when  a  black,  oily  substance  separated  ; 
this  was  washed  with  water  and  then  left  until  it  became  semi-solid, 
after  which  it  was  spread  on  a  porous  tile.  The  substance,  freed 
from  adhering  oil,  was  recrystallised  several  times  from  hot  benzene 
and  was  thus  obtained  in  slender,  yellow  needles  melting  at  205 '5^ 
The  yield  was  7  grams. 

01632  gave  0  4929  CO,  and  0-091 1  K.fl.     C  =  82-37  ;  H  =  6-20. 
CVoHittOg  requires  0-8276  j  ir--6-20  per  cent. 

The  same  substance  was  obtained  by  condensing  )>enzil  with  methyl 
Mobutonyl  ketone  in  the  cold  by  means  of  a  0*5  per  cent,  solution  of 
potassium  hydroxide  in  absolute  alcohol  ;  but  the  yield  was  even 
poorer  than  in  the  preceding  cane. 

*  TliU  arrangemeut  given  a  teiiqieruture  uf  iVuiii  60"  to  70*,  provided  that  no 
•tMm  1$  allowed  to  condeime  between  the  plate  and  tlie  ffaek. 
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A  portion  of  the  substance  was  heated  for  10  minutes  at  310°  (di- 
phenylamine  vapour)  in  an  atmosphere  of  carbon  dioxide.  It  resoliditied 
on  cooling  and,  after  recrystallisation  from  benzene,  was  found  to 
consist  of  unchanged  substance  (m.  p.  205*5*^).  A  sublimate  which 
liad  formed  in  tlie  upper  part  of  the  tube  gave  the  same  melting 
point. 

The  foregoing  result  shows  that  the  condensation  product  ia  a 
closed  chain  comjwund,  inasmuch  as  all  open-chain  compounds  formed 
by  tlie  condensation  of  benzil  witli  ketones  are  changed  on  heating, 
yielding  closed-chain  compounds.  Thus  desylene-methyl  ethyl  ketone 
is  in  this  way  transformed  into  yj-methylanhydracetonebenzil  (Japp 
and  Meldrum,  Tmns.,  1901,  79,  1031). 

An  attempt  to  synthesise  ^-<«opropylideneanhydraoetonebenzil  by 
condensing  acetone  with  anliydracetonebenzil  under  the  influence  of 
alcoholic  potassium  hydi-oxide — a  process  which,  if  benzaldehyde  be 
substituted  for  acetone,  readily  yields  benzylideneanhydracetonebenzil 
— led  to  no  result. 

Acetyl  Derivative. — One  gram  of  /S-uopropylideneanhydi-acetonebenzil 
and  10  grams  of  acetic  anhydride  were  mixed,  and  1  drop  of  concen- 
trated sulphuric  acid  was  added.  (If  this  proportion  of  acid  is 
exceeded,  a  very  impure  product  is  obtained.)  This  addition  caused 
the  solid  substance  to  dissolve,  yielding  a  dark  brown  solution.  After 
throe  days  the  mixture  was  poured  into  excess  of  water,  and  the 
yellow,  flocculent  precipitate  which  gradually  separated,  was  purified 
by  recrystallisation,  first  from  alcohol,  afterwai-ds  from  benzene  with 
addition  of  light  jietroleum  (sp.  gr.  0*71 — 072),  and  finally  from  light 
petroleum  alone.  It  was  thus  obtaine<l  in  slender,  colourless  needles. 
It  melts  at  139 — 140^  and,  if  kept  a  little  above  this  temperature, 
i*esolidifies,  finally  melting  at  154 — 155°.  This  phenomenon  is  doubt- 
less due  to  dimorphism,  and  not  to  chemical  change,  inasmuch  as  a 
specimen  which  had  been  melted  as  above,  then  allowed  to  cool,  and 
recvystallised  from  light  petroleum,  again  gave  the  same  two  melting 
points. 

Analysis  showed  that  a  moiutcetyl  derivative  had  been  formetl. 

01 566  gave  04570  CO..  and  00857  HjO.     C  =  7958  ;  H  =  608. 
C.22H.,„03  requires  C- 79-51  ;  H  =  602  per  cent. 

/3-woPi*opylideneanhydrdcetonebenzil  is  not  acetylated  by  boiling  it 
for  4  hoxn-s  with  a  mixture  of  acetic  anhydride  and  anhydrous 
sodium  acetate. 

KedwHian  of  fi-'v&oPropylideneaiiJiydrcicetonebenzil  with  Uydriodic 
Acid  :  Formation  of  Dipfienylisopropylidenecyclopentenone, 

il        >o      . 
C,H5-0— C^(CH3), 
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— Two  grams  of  j8-i«opropy]ideneanhydracetonebenzil  (m.  p.  205'5°) 
were  boiled  for  8  minutes  with  40  grams  of  fuming  hydriodic  acid 
(sp.  gr.  1'96).  "Water  was  added,  the  organic  substance  was  dissolved 
in  ether,  and  the  ethereal  solution  was  shaken  successively  with 
aqueous  sulphurous  acid,  sodium  carbonate  solution,  and  water. 
During  the  latter  part  of  the  process,  a  crystalline  substance  separated 
from  the  ether ;  it  was  filtered  off  and  recrystallised  from  benzene, 
from  which  it  was  deposited  in  thick  prisms  melting  constantly  at 
171°.  The  dried  ethereal  filtrate,  on  evaporation,  yielded  a  further 
quantity  of  this  substance,  which  was  purified  in  the  same  way. 
Yield :  0"6  gram. 

0-1448  gave  0-4647  CO.  and  0-0863  H^O.     C  =  87-52  ;  H  =  6-62. 
CjoHigO  requires  C  =  87-59  ;  H  =  6-57  per  cent. 

II.  Condensation  of  Benzil  with  Methyl  isoButyl  Ketone. 

CeH,-C  :C^CH(CH3)„ 

a-i&oPropylanhydracetonehenzil,  \  yQO  and 

CeH5.C(0H)-CH/ 
C,H,-C==CH 
/3  isoPropylanhydracetonehenzil,  \  yQO 

C,H,-C(0H).CII/CH(CH3)2 
— Forty  grams  of  finely  powdered  benzil,  28  grams  of  methyl  wobutyl 
ketone,  and  400  c.c.  of  a  0*5  per  cent,  solution  of  potassium  hydroxide  in 
absolute  alcohol  were  shaken  in  a  corked  flask  until  the  benzil  had 
dissolved,  after  which  the  mixture  was  left  for  12  days.  The  solution 
was  then  diluted  with  water  until  it  became  turbid,  and  allowed  to 
crystallise.  The  crystalline  deposit,  which  weighed  51  grams,  proved 
to  be  a  mixture  of  two  substances — one  of  them  dimorphous — which 
were  very  difficult  to  separate.  Fractional  crystallisation  proved 
unavailing,  although  nearly  all  the  ordinary  organic  solvents  were 
tried.  Finally  we  had  to  resort  to  the  tedious  process  of  picking  out 
the  different  kinds  of  crystals.  The  crystalline  product  was  dissolved  in 
benzene,  and  somewhat  loss  than  an  equal  volume  of  light  petroleum 
(sp.  gr.  071 — 0*72) was  added.  The  solution  deposited  colourless,  six- 
sided  prisms,  white,  silky  needles,  and  flat,  yellow  pi-isms.  The  three 
kinds  of  crystalH  were  separated  mechanically. 

The  six-sided  prisms  were  recrystallised  repeatedly  from  benzene 
with  the  addition  of  light  petroleum  until  they  showed  the  constant 
molting  point  of  142''.  The  white,  silky  noodles  also  molted  at  142°, 
and  a  mixture  of  those  with  the  six-sidcul  prisms  gave  no  depression  of 
melting  point.  When  oitlier  the  six-sidod  prisms  or  the  silky  needles 
Are  crystallised  from  benzene  with  addition  of  light  petroleum,  a 
mixture  of  prisms  and  needles  is  obtained  in  each  case.      When  a 
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mixture  of  the  prisms  and  needles  is  allowed  to  stand  with  a  mixture 
of  benzene  and  light  petroleum  insufficient  to  dissolve  them,  the 
needles  gradually  disappear,  being  transformed  into  the  prisms.  The 
substance  melting  at  142°  is  thus  dimorphous,  the  six-sided  prisms 
being  the  stable  form  at  the  ordinary  temperature.  This  substance 
is  a-isopropi/lanhydracetonebenzil,  as  is  shown  by  its  yielding  a  benzyl- 
idene  derivative  {v.  infra). 

0-2151  gave  0  6477  COj  and  01 339  H.p.     C  =  82-12  ;  H-6-91. 
C^oHjoOj  requires  C  =  8219  ;  H»»6*84  per  cent. 

This  compound  (m.  p.  142°)  was  recovered  unchanged  after  being 
heated  for  5  minutes  at  330°  in  an  atmosphere  of  carbon  dioxide. 
This  result  indicates  that  the  substance  is  a  closed-chain  coudensatioQ 
product,  as  formulated. 

The  dat,  yellow  prisms  were  recrystallised  from  light  petroleum 
(sp.  gr.  0'7l — 0-72).  The  compound,  which  is  pisoprapylaiihydr- 
acetonebetizil,  was  thus  obtained  in  Hat,  colourless  needles,  melting 
constantly  at  16 15°.  /S-Monalkylanhydracetouebenzils  melt  higher 
than  the  corresponding  a-derivatives. 

0-1563  gave  0-4711  CO,,  and  00980  H,,0.     C  =  82*20 ;  H - 6-96. 
CoyHgyOj  requires  C  =  8219  ;  H-6-84  per  cent. 

The  quantity  of  this  compound  was  too  small,  and  its  separation  too 

difficult,  to  allow  of  our  investigating  it  further. 
Benzylidene-a-isopi'opyla)iliydracetonebenzil, 

CgHj-C  =  C\-CH(CH,l, 

I  >co 

C,H,-C(0H)-C4CH-C,H, 

— One  gram  of  a-i^opropylanhydracetonebenzil  (m.  p.  142°)  and  0*4 
gram  of  benzaldehyde  weie  shaken  with  a  1  per  cent,  solution  of 
potassium  hydroxide  in  absolute  alcohol  until  the  whole  dissolved. 
After  12  days  the  liquid  was  diluted  with  half  its  volume  of  water. 
The  crystals  which  were  deposited  weighed  1  gram.  They  were  twice 
recrystallised  from  benzene,  with  the  addition  of  light  petroleum, 
and  were  thus  obtained  in  the  form  of  four-sided  prisms,  with  oblique 
or  pointed  ends.     They  melted  constantly  at  179°. 

0-1623  gave  05062  CO2  and  00948  H^O.     C  =  8506  ;  H-6-49. 
O27H24O2  requires  C  =  8526  ;  H  =  6-31  per  cent. 

III.      Improved  Methods  of  Prejxxring  Anhydracetonebenzil  and 
^-Methylanhydracetonebenzil. 

C  H  'CO 
Anhydracetonehenzil. — Acetonebenzil,    "^  Lr\^^  nxr   nr^  rirr  '  ^^^ 

L/gJlj*L'(^Uxl)-U±l.,*LU"Cri3 
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anhydracetouebenzil,  J'  ^  A//-vtt\  nxr  ^^^»   were  first  prepared    by 

Japp  and  Miller  (Trans.,  1885,  47,  21  and  27),  who,  however,  assigned 
to  the  latter  compound  a  constitution  different  from  the  foregoing  and 
termed  it  "  dehydracetonebenzil."  The  former  compound  was  obtained 
by  the  action  of  a  small  quantity  of  aqueous  potassium  hydroxide  on  a 
mixture  of  benzil  and  acetone,  the  latter  was  formed  from  the  same 
substances  when  an  excess  of  potassium  hydroxide  was  used. 

Both  of  these  substances  were  subsequently  prepared  on  several 
occasions  ;  but  the  yields  varied  in  an  unaccountable  manner.  It  was 
evident  that  much  depended  on  the  character  of  the  acetone.  Japp 
and  Miller  found  that  a  specimen  of  acetone  purified  merely  by  frac- 
tional distillation  could  not  be  used  in  the  preparation  of  acetonebenzil. 
They  say  :  "  The  employment  of  an  acetone  purified  by  means  of  the 
bisulphite  compound  is  in  this  reaction  indispensable — not  merely  for 
obtaining  a  good  yield  of  the  compound,  but  in  order  to  obtain  any  of 
the  compound  at  all."  Japp  and  Klingemann,  however  (Trans.,  1890, 
57,  673,  footnote),  found  that  acetone  could  be  prepared  so  pure  as  not 
to  give  the  reaction,  but  that  the  same  acetone  readily  condensed  with 
benzil  under  the  influence  of  a  little  aqueous  potassium  hydroxide  to 
form  acetonebenzil,  if  two  or  three  drops  of  alcohol  were  previously 
added  to  it.* 

We  have  now  had  a  similar  experience  in  the  preparation  of  anhydr- 
acetouebenzil. Working  according  to  the  directions  given  by  Japp 
and  Ljinder  (Trans.,  1897,  71,  130),  who  improved  upon  the  original 
process,  and  using  Kahlbaum's  "  acetone  from  the  bisulphite  com- 
IK)und,"  we  obtained  hardly  any  anhydracetonebenzil,  the  greater  part 
of  the  benzil  being  recovered  unchanged.  This  was  the  more  surpris- 
ing, as  Japp  and  Lander,  in  preparing  the  very  large  quantities  of 
anhydracetonebenzil  which  they  required  for  their  study  of  the 
oxidation  of  this  comi)ound,  had  not  merely  employed  this  method, 
but  had  used  acetone  of  the  same  i|uulity,  also  obtained  from  Kahlbuuni, 
allhongh  of  a  diJTereut  preparation. 

Mindful  of  Japp  and  Klingemann's  experience  with  acetonebenzil, 
wo  repeated  the  process,  adding,  however,  a  few  drops  of  alcohol  to  the 
nii.xturo.  The  effect  was  such  that  we  obtained  a  yield  even  better 
than  tint  recorded  by  Japp  and  liauder. 

As  thiH  nlight  modiBcatioD  may  thus  mean  uU  the  difference  between 
failure  and  KucceKH  in  the  preparation  of  anhydnicetouebenztl,  and  as  it 
ruriderH  the  course  of  the  reaction  iutUqioiidont  of  minute  dilToronces 

*  I  iwintod  out  {toe.  cU.)  that  tho  " puro  "  ucotuuo  pi-ciHUcd  by  Dr.  Miller  aiul 
itiyHelf  may  have  contaia<><I  tmccR  of  alcolml  derived  frutii  tlic  euinnicrciiil  ctlur 
w)iii;h  wa«  uaed  in  wa«hiii^  Ihu  blHulphilc  cuiiq>uuiul.— F.  U.  J. 
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in  the  quality  of  the  acetoue  employed,  we  will  describe  the  method  iu 
detail. 

Two  hundred  grams  of  finely-powdered  benzil,  125  grams  of  pux'e 
acetone  (Kahlbaum's  acetone  "from  the  bisulphite  compound"),  1  c.c. 
of  alcohol,  and  2  c.c.  of  an  aqueous  solution  of  potassium  hydroxide 
of  33 '3  per  cent,  strength  were  shaken  in  a  corked  tlask  until  the 
whole  of  the  benzil  had  dissolved.  The  liquid  became  slightly  wai'Ui 
during  the  process,  owing  to  the  formation  of  the  aldol  condensation 
compound,  acatonebenzil.  Fifty  more  c.c.  of  the  aqueous  potasMum 
hydroxide  were  then  added,  and  the  mixture  was  warmed  for  half  an 
hour  on  the  water-bath,  during  which  time  it  was  frequently  shaken. 
The  whole  was  then  poui-ed  into  hot  water,  and  the  organic  substance, 
which  solidified  on  cooling,  was  ground  in  a  mortar,  washed,  first  with 
hot  water  and  then  with  a  little  ether  to  remove  dark  coloured  im- 
purities, and  finally  recrystallised  from  hot  benzene.  In  this  way  we 
obttiiued,  from  the  foregoing  quantities,  1G5  gI•am^s  of  anhydracetone- 
benzil  (m.  p.  1-17''  *),  without  working  up  the  mother  liquors,  wheieas 
Japp  and  Lander,  who  did  not  add  alcohol  to  the  mixture,  obtained 
only  150  grams  in  all. 

It  must  be  borne  iu  miod  that  although  the  addition  of  a  small 
quantity  of  alcohol  thus  facilitates  the  occurrence  of  the  reaction,  the 
condensation  of  benzil  and  acetone  to  form  auhydracetonebenzil  cannot 
be  effected  by  means  of  an  alcoholic  solution  of  potassium  hydroxide, 
since  under  these  ciivumstances  the  auhydracetonebenzil  formed  in  the 
first  instance  condenses  with  a  second  molecule  of  benzil  to  form 
anhydracetouedibeuzil. 

(i-Methtjla)ihydnicetonebenzil. — Of  the  two  monomethyi  homologues 
of  auhydracetonebenzil — a-methylanhydracetouebenzil, 
CeH,-9=C(CH3W 
C«H.-C(OH)-CHa^     ' 

C  H  ♦C  CII 

aud  /3-methylanhydracetonebenzil,  c'|H^C(OH)•CH(CH  )^^^"~*'*'® 

a  compound  is  readily  obtained,  together  with  only  a  mere  trace  of  the 
/8-compound,  by  the  protracted  action  of  a  0  5  f>er  cent,  solution  of 
j)otassiiim  hydroxide  in  absolute  alcohol  on  a  mixture  of  benzil  and 
methyl  ethyl  ketone  in  the  cold  ;  where  is,  when  aqueous  [K>tas>ium 
hydroxide  of  333  per  cent,  strength  is  used,  and  the  mixtuie  is  heated, 

*  This  is  the  laelting  jtoiut  of  yellow  auhydracetonebeuzil  as  ordinarily  obtaiued, 
the  yellow  colour  being  due  to  the  jiresence  of  a  trace  of  Iteuzylideneauhydracetone- 
benzil  which  cannot  be  removed  except  by  ;i  wasteful  process  of  ^lartial  oxidation  of 
the  substance.  The  ])ure  conqwund  is  colourless  and  melts  at  149°,  but  the  yellow 
substance  is  sufficiently  pure  for  all  oi-diuary  purposes  (compare  Jajip  and  Miller, 
Trans.,  1885,  47,  27  ;  Japp  and  Findlay,  1899,  75,  1018  aud  1019). 
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the  proportion  of  ^-compound  fox'med  is  increased,  remaining,  however, 
below  that  of  the  a-compound  which  is  simultaneously  produced,  so 
that  the  yield  of  )8-compound  still  leaves  much  to  be  desired  (Japp  and 
Meldrum,  Trans.,  1901,  79,  1028). 

We  now  find  that  by  substituting  aqueous  sodium  hydroxide  for 
potassium  hydroxide  in  the  latter  reaction  the  yield  of  yS-compound  is 
very  appreciably  improved. 

Eighty  grams  of  benzil,  50  grams  of  methyl  ethyl  ketone,  0*5  c.c.  of 
alcohol,  and  60  c.c.  of  a  solution  of  sodium  hydroxide  prepared  by 
dissolving  the  commercial  *  hydroxide  in  twice  its  weight  of  water, 
were  introduced  into  a  conical  flask  fitted  with  a  condensing  tube,  and 
the  whole  was  heated  for  3|  hours  on  a  thin  metal  plate  over  a  water- 
bath,  the  flask  being  shaken  from  time  to  time.  The  product  was 
poured  into  hot  water,  and  the  solidified  substance  was  ground,  washed 
with  water,  freed  from  dark-coloured  impurities  by  treatment  with  a 
little  ether,  and  dissolved  in  boiling  alcohol.  The  solution,  on  cooling, 
deposited  24  grams  of  practically  pure  y8-methylanhydracetonebenzil. 
The  mother  liquor  contained  a-methylanhydracetonebenzil  and  a-desyl- 
enemetbyl  ethyl  ketone,  together  with  a  small  quautity  of  j8-methyl- 
anhydracetonebenzil ;  these  could  be  separated  by  fractional  crystal- 
lisation from  alcohol.  It  is  to  be  noted  that  desylenemethyl  ethyl 
ketone  can  be  converted  quantitatively  into  ^-laethylanhydracetone- 
benzil  by  heating  it  for  a  short  time  at  330°  (Japp  and  Meldrum, 
Trans.,  1901,  79,  1031). 

A  second  experiment  conducted  in  the  same  way  also  gave  24  grams 
of  the  /8-compound,  whereas  in  a  previous  experiment  in  which  the 
same  quantities  of  benzil  and  methyl  ethyl  ketone  were  heated  with 
a.f\\xeo\i»  poUtssium  hydroxide  of  33'3  per  cent,  strength  only  19  grams 
were  obtained. 

Chemical  Department, 

Univerbitv  of  Aberdeen. 

•  In  one  exiMsrimcnt,  in  which  wo  cnijiloyiil  imrc  sodium  liyrhoxidc,  tlic  sohition 
made  up  in  tlio  al)ovc  jiroportions  proved  to  be  too  strong,  and  con.siderublc  resinili- 
cation  of  tho  organic  substancea  occurred. 
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LXVIII. — The   Dihydrocyanides  of  Benzil  and   Phen- 
anthraquinone.     Second  Notice* 

By  Francis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc.,  Carnegie 
Scholar  in  the  University  of  Aberdeen. 

Although  the  dihydrocyanides  of  a-diketonen  are  most  generally 
formulated  as  tartronitriles,  no  strict  proof  that  they  possess  this  con- 
stitution has  hitherto  been  given,  with  the  exception  of  the  hydi-olysis 

of  Zinin's  benzildihydrocyanide,      '^  /  /0/ait(  /,vt'   ^  diphenyltartr- 

amide  (Burton,  Be)-.,  1883,  16,  2232).  Indeed,  owing  to  the  eaae 
with  which  these  compounds  break  up  into  o-diketone  and  hydrocyanic 
acid,  some  writers  have  preferred  to  represent  them  as  molecular 
combinations. 

We  have  obtained  conclusive  evidence  of  the  tartronitrile  constitu- 
tion of  these  compounds  by  preparing  their  diacetyl  derivatives.  The 
dihydrocyanides  which  we  have  studied  in  this  direction  are:  (1) 
benzildihydrocyanide  ;  (2)  the  phenanthraquinonedihydrocyanide  ob- 
tained by  Japp  and  Miller ;  and  (3)  a  stereoisomeric  phenanthraquin- 
onedihydrocyanide  described  in  the  present  paper. 

By  treatment  with  concentrated  sulphuric  acid  in  the  cold,  benzil- 
dihydrocyanide is  converted  into  diphenylacetamide.  In  order  to 
account  for  this  reaction  it  is  necessary  to  assume  that,  as  a  Urst 
stage,  a  pinacoline  migration  occurs  : 

C,H,-(^(OH)-CN  (C,H,),(jJ-CN 

CaH,-C(OH)-CN        —^  qOH)2-CN' 

the  resultiog  compound  then  undergoing  hydrolytic  fission  with  forma- 
tion of  diphenylacetamide,(C^H5).,CH'C0NHj,and  possibly  oxalic  acid. 

By  the  interaction  of  phenanthraquinone  with  30  per  cent,  aqueous 
hydrocyanic  acid  in  the  cold,  Japp  and  Miller  (Trans.,  1887,  51,  32) 
obtained  a  phenanthraquinonedihydrocyanide  crystallising  in  slender 
needles.  We  £nd  that  a  stronger  solution  of  hydrocyanic  acid  is 
practically  without  action  on  phenanthraquinone  in  the  cold,  but  that, 
on  heating  the  mixture  at  50°,  a  stereoisomeric  phenanthraquinonedi- 
hydrocyanide,  crystallising  in  laminse,  is  formed.  The  laminar  crystals 
have  a  higher  decomposing  point  than  the  acicular.  On  the  other 
hand,  the  diacetyl  derivative  of  the  laminar  compound  melts  lower  tlian 
that  of  the  acicular  compound.  The  best  yield  of  the  lacunar  com- 
pound is  obtained  by  employing  anhydrous  hydrocyanic  acid. 
*  See  Japp  aud  Miller,  Trans.,  1887,  51,  2y. 
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The  reactions  of  the  two  phenanthraquiuonedihydrocyauides  show 
that  both  have  the  structural  formula  X^^J  X)r\TT\  nvr"     They  must 

therefore  be  stereoisomerides,  the  one  being  the  racemic,  the  other  the 
meso-form,  although  it  is  at  present  impossible  to  assign  to  each  its 
specific  configuration. 

By  hydrolysing  acicular  phenanthraquinonedibydrocyanide,  not  pre- 
viously freed  from  adhering  hydrocyanic  acid,  with  fuming  hydro- 
chloric acid  in  the  cold,  Japp  and  Miller  (loc.  cit.)  obtained  two  com- 
pounds, Ci5H.,0N  (m.  p.  241°)  and  Cj-Hi^O.^N  (m.  p.  183°),  both  of 
which  yield  salts  with  bases,  the  former  compound  taking  up  water  in 
the  process,  so  that  its  dehydrated  sodium  salt,  for  example,  has  the 
formula  Cj-Hj^OoNNa  ;  but  it  again  parts  with  water  when  liberated 
from  its  salts,  yielding  the  original  compound,  Cj-HgON  (compare  Japp 
and  ]\Iiller).  From  a  study  of  the  reactions  of  these  compounds  we 
assign  to  them  the  constitutional  formula 

9«H.-ff-Vo     ana      9.H.-9(OH)-Vo 

C„H,-C-NH  CjU,-CH NH 

I'henantlii-aiiil  Hydioxydiliydroiiheuanthrauil 

(m.  p.  241°).  (m.  p.  183°). 

Both  compounds  are  capable  of  interacting  also  in  the  tautomeric 
form,  and  we  are  unable  to  say  whether  the  free  substances  are 
lactams,  as  here  represented,  or  the  corresi)onding  lactims.  The 
metallic  salts  formed   from  phenanthranil  are  salts  of  the  unstable 

C  H  'C'CO  H 

phenanthranilic  acid,  X*„*  U  y,^    ,  which,  as  just  mentioned,  when 

liberated  from  its  salts,  parts  with  water,  regenerating  phenanthranil. 

C  H  'C'CO 
Phenanthranil  yields  a  vionacetyl  derivative,   'V'tt^  !  |  X    i  u   ^-    'i'wo 

esters  eorrespoud  with  it :  one  is  ethyl  phenanthranilatc, 

C  H  'C'C'DC  1£. 
and  the  other  is  the  lacliin  eater*  of  phenanthranil,  Vu*  ' '  U       ^     '• 

Both  esters,  when  hydrolysed  with  sodium  hydroxide,  yield  sodium 
phcnanthranilate  ;  but  a  |)ortion  of  the  lactim  ester  is  transformed,  at 
the   same   time,    into  the   non-liydrolysable   hydroxyethyldilt.ydrophen- 

•  Wc  would  HU^gcht  tlial  coiii|)ouiid8  of  this  ty[»o  sliould  be  called  esters  rather 
than  elliem,  Thux,  in  llic  coinpliix  ('(NII)'OAlk  of  the  Ho-ciilled  iinido-ctfirr.i,  the 
iriiiilo-groit|)  liUN,  Rtnu'tiiniliy,  thu  hhiiiu  ruiictiuii  iis  lliu  duulily-linked  uxy^oii  in  the 
comjilex  CO'OAIk  of  the  ordinary  estcrH,  and  the  name  iinido-cntcr  would  indicate 
more  clearly  thU  analogy. 
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anthranii,  \^*  )/„  !C  n  u  .  ^^^^  ^^^Y^  group  migrating  in  the 
process. 

Hydroxydihydrophenanthranil,  A  rT*.XjT _tsjh'  *^^s*<^^^®* ^^  sodium 

carbonate,  yielding  a  sodium  salt  which  is  probably 

aH,-C(OH).C-ONa 

C.H^-CH N 

but  was  not  obtained  in  a  condition  suitable  for  analysis  (compare 
Japp  and  Miller,  loc.  cit.,  p.  35)  and  which,  when  its  aqueous  solu- 
tion is  digested  for  some  time  on  the  water-bath,  decomposes,  deposit- 
ing a  bi'owu  amorphous  substance.  Acetylated  in  the  cold  with  acetic 
anhydride  to  which  a  little  concentrated  sulphuric  acid  has  been  added, 
hydroxydihydrophenanthranil  yields  a  vionaixtyl  derivative, 

CjH^-CH N-aHaO' 

insoluble  in  sodium  carbonate.  Treated  with  sodium  ethoxide  and 
ethyl  iodide,  hydroxydihydrophenanthranil  yields  the  above-mentioned 

hydroxytthyldUiydropheiianthranU,  )^^   •         _!^  ,  in  which  the 

ethyl  is  doubtless  attached  to  nitrogen,  as  the  compound  is  not  hydro- 
lysed  by  warming  it  with  alcoholic  potassium  hydroxide  and  is  more- 
over insoluble  in  aqueous  caustic  alkalis,  showing  that  the  labile 
hydrogen  atom  has   been  replaced  by  ethyl  ;    this   ethyl  derivative 

yields   a  monacetyl  derivative,    \^*   '  ^,     t    a    >  \  Warmed 

with  benzaldehyde,  hydroxydihydrophenanthranil  is  converted  into  a 
heiizylidene   derivative,   probably  derived  from  the  lactim  form  and 

/\ 

O     0 

C.H  'C — C 

having  the  constitution,  J^*  '       h  ;  it  would  thus  be  an  analogue  of 

chloralide ;  it  is  insoluble  in  caustic  alkalis.  The  foregoing  ethyl 
derivative  of  hydroxydihydrophenanthranil,  as  might  be  expected  from 
its  constitution,  does  not  interact  with  benzaldehyde. 

On  the  other  hand,  we  must  point  out  that  sodium  phenanthranilate 
and  ethyl  plienanthranilate,  although,  as  above  formulated,  they 
contain  an  amino-group,  do  not  interact  with  benzaldehyde. 

At  tirst  we  were  inclined  to  regard  the  compound  (m.  p.  183*^), 
which  we  have  formulated  as  hydroxydihydrophenanthranil,  as  phenan- 
thranilic  (lO-aminophenauthrene-9-carboxylic)  acid.  This  view  is, 
however,  untenable,  as  it  would   involve  the   identity  of  the  totally 

3  A  2 
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distinct  sodium  salts  and  ethyl  esters  of  the  unstable  phenanthranilic 
acid  from  phenanthranil  with  those  of  hydroxydihydrophenanthranil. 
Besides,  there  would  be  no  reason  why  the  closed  side  chain  of  phenan- 
thranil, when  once  opened,  should  spontaneously  close  again.  Nor 
would  such  a  formula  for  hydroxydihydrophenanthranil  explain  the 
insolubility  of  the  benzylidene  and  acetyl  derivatives  of  this  com- 
pound in  alkalis,  as  also  the  fact  that  its  ethyl  derivative  is  not  only 
insoluble  in,  but  not  hydrolysable  by,  alkalis.  It  would  be  necessary, 
at  all  events,  to  assume  that  phenanthranil  and  hydroxydihydro- 
phenanthranil contain  different  hydrocarbon  nuclei :  that  in  one  of 
them,  possibly  the  well-known  change  to  the  diphenylenemethane 
nucleus,  as  in  the  formation  of  diphenyleneglycollic  acid  from  phenan- 
thraquinone,  has  taken  place ;  and,  that  this  is  not  the  case,  is 
shown  by  the  following  experiments  :  ' 

If  hydroxydihydi'ophenanthranil  is  heated  in  a  sealed  tube  with 
fuming  hydrochloric  acid  it  yields  ^-hydroxyphenanthrene, 

1^*11         , 

together  with  the  corresponding  2-p/ienanthryl  oxide, 
aH.-CH     HC-aH, 

Y6      4   I  I  I  I     I  6      4 

CgH^-C— 0— C-C.H^' 
and  tetraphenylenefurfuran,  A  tt  .M      p  p  tj  '  *^®  ^^°  last-mentioned 

O 

compounds  being  formed  from  the  first  (compare  Japp  and  Findlay, 
Trans.,  1897,71,  1115).  If  phenanthranil  is  treated  in  the  same  way, 
it  undergoes  the  same  changes,  except  that  a  higher  temperature  is 
required  owing  to  the  greater  stability  of  the  compound.  As  we 
were  compelled  to  employ  a  smaller  quantity  of  phenanthranil  for  the 
reaction,  we  contented  ourselves  with  isolating  the  primary  product — 
which  is  also  the  chief  product — \)-hy(lroxyphenanthrene. 

Both  phenanthranil  and  hydroxydihydrophenanthranil  therefore 
contain  the  pbenantbreue  nucleus. 

The  mechanism  of  the  decomposition  may,  in  the  case  of  phenan- 
thranil, be  formulated  as  follows  : 


then 


CjlI,C-NH     —^     C«H^-C-NH,         ^     C„H^-C 


CJI.-C-NH 


I 


(Jftpp  and  Findlay,  loc.  cit.,  p.  Ill  7). 

We  studied  the  conditions  of  the  hydrolysis  of  ucicular  phenanthra- 
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quinonedihydrocyanide  much  more  thoroughly  than  had  been  done  by 

Japp  and  Miller.     A  product  of  the  hydrolysis  which  had  been  over- 

.,    aH.-C(OH)-CONH, 
looked  by  them  is  diplvenyleiietartramtde,  '  it  .p//-)TT\.pr)l^tr  • 

Our  attempts  to  hydrolyse  the  laminar  phenauthraquinone  dihydro- 
cyanide  were  only  partially  successful,  as  the  i-eaction  does  not  occur 
except  at  a  temperature  at  which  the  greater  part  of  the  substance  is 
resinified.  rhetianthranil  and  hydroxydikydrvphenanthranil  were  iso- 
lated from  the  product. 

EXPEBIMENTAL. 

BenzUdthydrocyanide. 

Acetylation  of  Benzildihydrocyanide. — The  benzildihydrocyanide 
used  in  this  and  the  following  experiments  was  prepared  by  Zinin's 
method  as  modified  by  Japp  and  Miller  (Trans.,  1887,  61,  31). 

In  acetylating  the  compound,  a  mixture  of  15  grams  of  acetic 
anhydride  and  4  drops  of  concentrated  sulphuric  acid  was  added  to  7 
grams  of  finely-powdered  benzildihydrocyanide,  and  the  whole  was 
allowed  to  stand  in  the  cold  for  three  weeks.  The  solid  was  separated 
by  filtration  and  recrystallised  from  boiling  glacial  acetic  acid.  The 
yield  of  recrystallised  substance  was  6  grams.  It  crystallised 
in  six-sided  plates,  or  long  pointed  needles,  both  of  which  showed 
straight  extinction,  and  melted,  when  rapidly  heated,  with  decomposi- 
tion at  242°. 

Analysis  gave  figures  agreeing  with  the  formula  of  diacetylbemildi- 

hydrocyanide,  c^Hf.qo'c'H^oi^CN' 

0-2079  gave  0  5242  CO2  and  00881  H^O.     C  =  68-76  ;  H  =  4-70. 
0-2834     „     20-05  c.c.  moist  nitrogen  at  8°  and  741  mm.     N  =  8-32. 
CjoHjgO^Nj  requires  C  =  68-96  ;  H  =  4-59  ;  N  =  8-04  per  cent. 

Action  of  Concentrated  Stilphuric  Acid  on  Bemildihydroeyanide : 
Formation  of  Diphenylacetamide,  (O^H5)2CH*CONH2. — Forty  grams  of 
finely- powdered  benzildihydrocyanide  were  sifted  into  400  gmms  of 
concenti'ated  sulphuric  acid,  whilst  the  mixture  was  constantly  stirred. 
The  whole  was  allowed  to  stand  for  40  hours,  after  which  it  was 
poured  on  to  pounded  ice.  The  solid  substance  was  separated  by 
filtration  and  the  acid  solution  was  evaporated  on  the  water-bath. 

The  solid  substance  was  digested  with  sodium  carbonate,  which 
extracted  a  yellow  acid,  but  in  quantity  too  small  for  further 
investigation.  The  solid  residue  remaining  after  this  treatment  was 
thoix)ughly  washed  with  ether,  to  remove  resinous  matters.  (If  the 
washing  with  ether  has  not  been  sufficient,  the  residue  cannot  be 
induced  to  crystallise.)    The   washed  residue  was  recrystallised  first 
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from  alcohol,  and  afterwards  from  benzene.  It  was  somewhat  difl&cult 
to  purify,  but  was  ultimately  obtained  in  pointed,  or  obliquely 
truncated,  flat  prisms,  with  an  extinction  angle  of  44 — 45°  from  the 
long  axis,  and  melting  at  167*5 — 168° 

The  above-mentioned  acid  solution  yielded,  on  evaporation,  an  oil, 
which  solidified  on  standing.  It  was  boiled  with  sodium  carbonate, 
and  the  residue,  recrystallised  from  the  foregoing  solvents,  yielded  a 
further  quantity  of  the  substance  melting  at  167*5 — 168°.  The 
substance  thus  obtained  was  free  from  resin  and  was  much  easier  to 
purify  than  the  original  solid  residue. 

0-2081  gave  0*6048  CO.,  and  0*1181  HgO.     0  =  79*26;  H  =  6*30. 
0-2079     „     0-6041  CO2    „    01195  H2O.     C  =  79*24;  H=6*38. 
0-1002     „     5-95  c.c.  moist  nitrogen  at  20*5°  and  759  mm.  lSr=  6*76. 
C14H13ON  requires  G  -  79*62 ;  H  =  6*16  ;  N  =  6*63  per  cent. 

The  compound  is  diphenylacetamide,  (CgH5)2CH*CONH2.  It  was 
further  identified  by  comparison  with  a  specimen  of  this  substance 
prepared  by  heating  ammonium  diphenylacetate  in  a  sealed  tube  at 
230°  (Neure,  Annalen,  1888,  250,  141).  The  melting  points,  mixture 
melting  point,  crystalline  form  and  opticjil  properties  of  the  two 
preparations  were  identical.  Both  Nenre,  and  Anschiitz  and  Romig 
(Annalen,  1886,  233)  give  the  melting  point  of  diphenylacetamide  at 
165 — 166°;  but  we  confirmed  the  somewhat  higher  melting  point  of 
167*5 — 168^  above  given,  by  a  determination  with  a  normal 
thermometer. 

The  action  of  hydrochloric  acid  on  benzildihydrocyanide  was  also 
studied,  but  did  not  yield  results  of  interest.  By  heating  the  substance 
in  a  sealed  tube  with  fuming'aqueous  hydrochloric  acid  the  only  pi*oducts 
obtained  were  benzoic  acid  and  an  uncrystallis.nblc  oil.  By  allowing 
benzildihydrocyanide  to  stand  with  alcoholic  hydrogen  chloride  in  the 
cold,  only  a  hydrochloride  of  the  dihydrocyanide  was  formed. 

Isomeric  PJienanthraquinonedihydroqfanidea.* 

Acicular  I'henanthraquinonedihydrocyanide, — In  pi*eparing  this 
compound  one  of  the  methods  devised  by  Japp  and  Miller  (/oc.  ci<.,p.  33) 
was  employed.  Finely  powdered  phonanthraquinone  was  allowed  to 
stand  for  4 — 5  days  in  a  strong  corked  flask  with  a  considerable  excess 
of  30  per  cent,  aqueous  hydrocyanic  acid,  nnd  tlio  mixture  was  shaken 
from  time  to  time.     At   the   end   of   this  time   the  orange-coloured 

•  In  prppnrijipf  thcno  comnoiuuls,  it  in  cssontinl  to  oin|>loy  a  phoimuthraquiiiom' 
thnt  Imii  Xhxw  purified  by  moanii  of  its  hyili-o^cn  sodium  Bulphitfl  couiijound,  as 
othorwino  tlio  niitliraquinoiif  wliirli  is  invariably  jtrosont  in  HiKJcimcns  of  pbcnanthra- 
quiiioTiA  whicli  hav«!  Xvcvn  purilipd  merely  hy  rccryfttAllisation  will  contaminato  the 
I»ro<hirt». 
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pai'ticles  of  ttie  phenauthriU[iiiuone  had  disappeareil  und  the  fla»k  con- 
tained a  niagma  of  white,  needle-shaped  crystals.  The  substance  was 
freed  from  the  adhering  liquid  by  meann  of  a  filt«r-pump,  and  then 
dried  in  a  vacuum  desiccator  over  sulphuric  acid.  It  turns  retldish- 
brown  on  drying;,  owing  to  a  partial  regeneration  of  phenanthm- 
quinone. 

Japp  and  Miller  purified  the  .substance  for  analysis  by  washing  it 
with  chloroform,  which  readily  dissolves  the  pbenanthraquinone  but 
in  which  the  dihydrocyanide  is  practically  insoluble.  We  found, 
however,  that  the  dihydrocyanide  can  be  recrystallised  from  hot 
benzene,  provide<l  that  too  long  boiling  is  avoided.  It  was  deposited 
in  colourless  needles,  which,  when  heitted  in  a  capillary  tube,  decompose 
and  turn  red  at  a  tempei-atui'e  below  100°. 

01662  gave  151  c.c.  moist  nitrogen  at  13'  and  746  mm.    N  =  1053. 

C*j^Hj„OjN.,  i-etjuii-es  N-  10  69  per  cent. 

Sometimes  the  hot  benzene  solution  deposited  at  first  colourless 
six-sided  plates  and  afterwards  needles.  We  were  at  first  inclinetl 
to  think  that  these  plates  were  the  stereoisomeric  laminar  phenanthra- 
quinonedihydrocyanide  (to  be  described  later  on).  On  separating 
some  of  these  plates,  however,  we  found  that  they  showed  the 
sanio  decomposing  point  ivs  the  needles,  whereas  the  laminar  form 
does  not  decompose  until  160 — 170',  and  tlut  their  diacetyl  derivative 
melted  at  255 — 256°  the  melting  point  of  the  diacetyl  derivative 
of  the  needles,  and  showed  no  depression  when  mixeil  with  a 
.specimen  of  the  latter  substance.  The  difference  was,  therefore, 
doubtless  nothing  more  than  a  difference  in  crystalline  habit. 

The  following  experiments  on  the  loss  of  weight  which  acicular 
phenanthraquinonetlihydrocyanide,  purified  by  recrystallisation  from 
benzene,  suffers  on  h&iting,  are  of  interest.  The  substance  was 
heateil  at  the  respective  temperatui-es  until  the  weight  remainetl 
con.stant. 

0-6374  lost,  on  heating  at  100"  for  2  hours,  0-1314  =  20-61  per  cent. 
CjjHi^OjN,  -  2HCN  requires  a  loss  ^  2061  per  cent. 

The  substance  which  remained  was  pbenanthraquinone. 

0-2102  lost,  on  heating  at  70"'  for  1 1  hours  (weight  constant),0  0217  = 
10-32  per  cent. 

Oj^Hj,)OjNj  ~  HON  requires  a  loss  =  10  30  per  cent. 

The  substance  which  remained  in  the  latter  case  was  a  scarlet 
powder  and  was  doubtless  phenanthraquinoneinonohydroci/anide.  Its 
solution  in  hot  benzene  deposited  scarlet  crystals,  but  a  portion  of  it 
was  decomposed  in  the  process  into  pbenanthraquinone  and  liydrooyanic 
acid. 
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The  experiment  just  described  shows  that  phenanthraquinonedi- 
hydrocyanide,  when  heated  for  a  long  time,  shows  a  much  lower 
decomposing  point  than  that  (a  little  under  100°)  indicated  by  its 
behaviour  when  quickly  heated  in  a  melting-point  tube. 

Acetylation  of  Acicular  Phenanthraquinonedihydrocyanide. — Twenty 
grams  of  acetic  anhydride  containing  5  drops  of  concentrated  sulphuric 
acid  were  added  to  10  grams  of  powdered  acicular  phenanthraquinone- 
dihydrocyanide.  There  was  a  slight  rise  of  temperature  on  mixing, 
and  the  flask  was  therefore  cooled  with  water.  The  dihydrocyanide 
dissolved  completely,  and  in  less  than  an  hour  crystals  began  to  form. 
After  two  days  the  contents  of  the  flask  had  almost  solidified  to  a  mass 
of  colourless  crystals.  After  recrystallisation  from  boiling  glacial 
acetic  acid,  the  substance  was  obtained  in  colourless,  flat,  pointed 
needles,  showing  straight  extinction  and  melting,  with  decomposition, 
at  255 — 256°.  The  yield  was  7  grams,  and  more  could  be  obtained  by 
diluting  the  acetic  anhydride  mother  liquor  with  water. 

The  substance  is  extraordinarily  difficult  to  burn,  and  we  preferred 
to  determine  the  carbon  and  hydrogen  in  separate  portions,  using  lead 
chromate  for  the  former  and  copper  oxide  for  the  latter. 

0-1838  gave  0-4662  CO,.  0  =  69-17. 
0-1970  „  0-4988  CO'g.  C  =  69-05. 
0-1623  „  00G17  H.,0.  H  =  4-22. 
01568     „     00584  HjO.     H  =  4-13. 

0-2290     „     16  c.c.  moist  nitrogen  at  11°  and  742-4  mm.     N  =  8-13. 
CjoHj^O^Na  requires  C  =  69-36  ;  H  =  4-04  ;  N  =  808  per  cent. 

The  compound  is  therefore  the  diacetyl  derivative  of  acicular 
phenanthraijuinonedihydrocyanide  : 

aH,.C(0-C,H30)-CN 
C«H^-C(0-C2H80)-CN' 

Laminar  Pheiumthraquinonedihydrncyanide. — In  the  course  of  an 
attempt  to  prepare  Japp  and  Miller's  acicular  phonanthraciuinone- 
dihydrocyanido  we  employed  a  much  stronger  hydrocyanic  acid 
than  the  30  jwr  cent,  aqueous  solution  prescribed  by  thorn.  As 
very  little  reaction  took  place  in  the  cold  we  heated  the  mixture  of 
phenanthraquinone  and  hydrocyanic  acid  in  a  stout,  corked  flask. 
MoHt  of  the  phenanthnu|uinone  dissolved,  and  the  solution,  on  cooling, 
de|)OHited  laminjo,  (juite  dilToront  in  appeaninco  from  the  noc(Ues  of 
Japp  and  Miller's  compound,  and  having  a  much  higher  decomposing 
|)oint.  The  filtrate  from  the  laniimc,  as  it  gave  off  hydrocyanic  acid  by 
ex{K)Huro  to  the  air,  doponited  a  largo  (piantity  of  the  acicular  compound. 
After  variouH  o.x|>erimontH  wo  found  that  the  laminar  modification 
could  bo  buKt  prepared  by  the  following  niolhod. 
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Five  grams  of  finely-powdered  phenanthraquinoue  and  5  grams  of 

anhydrous  hydrocyanic  acid  were  heated  for  5  hours  at  60^  in  a  strong 

glass  tube,  of  test-tube  form  and  closed  by  an  india-rubber  stopper 

tightly  wired.     The   tube    was   clamped    upright   so   that   only    the 

extreme  lower  end  dipped  into  a  beaker  of  water  heated  to  the  required 

temperature.     In  this  way  a  circulation  and  reHux  distillation  of  the 

liquid  was  kept  up,  and  the  phenanthraquinoue  went  into  solution.    On 

cooling,    the  liquid  deposited  colourless,  elongated,  six-sided  lamina;, 

with  bevelled  edges,  also  thick  short  prisms,  of  the   new   compound. 

After  standing  for  six  days  in  the  cold  the  liquid  was  decanted  from 

the  crystals,  which  were  then  washed  with  85  per  cent,  hydrocyanic 

acid  and  dried  in  a  vacuum  desiccator  over  sulphuric  acid.     As  the 

crystals  turned   brownish  on  the  surface  in  drying  they  were  washed 

with  chloroform  to  remove  the  regenei-ated  phenanthraquinone.     The 

powdered  substance  dissolved,  although  with  greater  difficulty  than  the 

acicular  modification,  in  hot  benzene,  and  was  deposited  in  slender, 

oblique  prisms,  showing  straight  extinction.     The  elongated,  six-sided 

lamina;  extinguish  at  an  angle  of  about  25''  from  the  long  axis.    When 

heated,  the  substance  did  not  decompose  until  160 — 170'  (very  much 

higher  than  the  acicular  modification),  turning  red  and  giving  oflE  gas, 

and  finally  melting  at  200'',  the  melting  point  of  phenanthraquinone. 

The  original  lamina^  and  thick,  short  prisms,  on  the  one  hand,  and  the 

slender   prisms   from    benzene   on   the   other,  showed  an   absolutely 

identical    behaviour  in  this  respect,  and  all  gave  the  s^vme  diacetyl 

derivative  (see  next  section). 

Analysis   showed  that   the   compound   had   the    composition   of   a 

C.H.-C(OH)-CN       ,      . 
phenanthraquinonedihydrocyanide,    J^  tt  .Ji//-wTTv.rixT-       ^*'    '*    stereo- 

isomeric  with  the  acicular  modification. 

0-1559  gave  04162  CO,  and  0  0554  H.p.     0  =  7281  ;  H  =  3-94. 
01842     „     16-4  c.c.  moist  nitrogen  at  10°  and  762  mm.    N=  1069. 
01850     „     17    c  c.  moist  nitrogen  at  14°  and  750  mm.     N  =  10-66. 
Ci^HioOjN^,  i-equires  C  =  7328  ;  H  =  3  82  ;  N  =  10-69  per  cent. 

Analyses  I  and  IE  were  made  with  the  original  substance  merely 
washed  with  chloroform  ;  analysis  III  with  the  substance  purified  by 
recrystallisatiou  from  benzene. 

Both  the  phenanthraquinonedihydrocyanides  are  slowly  decomposed 
by  the  moisture  of  the  air  and  rapidly  on  boiling  with  water  or  with 
alcohol.  The  latter  solvent  readily  dissolves  them  with  evolution  of 
hydrocyanic  acid  and  formation  of  phenanthraquinone.  This  decom- 
position, however,  does  not  occur  if  the  water  or  the  alcohol  contains 
hydrochloric  acid. 

Acetylatian  of  Laminar  PhenatUhraquinonediliydrocyanide. — The  re- 
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action  was  carried  out  as  in  the  case  of  the  acicular  compound  (vide 
sujyra)  using  the  same  quantities.  The  yiehl  of  uncrystallised  sub- 
stance was  11  grams.  It  was  deposited  from  hot  glacial  acetic  acid  in 
long,  flat,  pointed  needles,  showing  straight  extinction,  and  melting, 
with  decomposition,  at  235 — 237^.  It  is  diflicult  to  burn,  and  the 
carbon  was  determined  separately  by  combustion  of  the  substance  in 
a  current  of   moist    oxygen.      The  figures  agreed  with  the  formula 

of  a  dia^tyl  derivative,  i;H^6(O^C^H30)^CN• 

0  1549  gave  03946  COj.     C  =  69-47. 
01664     „     00628  H2O.     H  =  4-19. 

0-2032     „     14  c.c.  moist  nitrogen  at  9°  and  760-5  mm.     N  =  8-23. 
^'20^1  A^2  requires  C  =  69-36  ;  H  =  4-04  ;  N  =  8-08  per  cent. 

The  diacetyl  derivatives  of  acicular  and  laminar  phenanthraquinone- 
dihydrocyanide  are  indistinguishable  in  appearance  and  optical  pro- 
perties, so  far  at  least  as  a  rough  examination  in  polarised  light  is 
able  to  decide ;  but  the  former  melts  at  255 — 256°,  the  latter  at 
235 — 237^^  and  the  mixture  of  the  two  at  about  220° — in  every  case 
with  decomposition. 


Hydrohjais  of  the  P/iennnthraquinonedihydrocyanides. 

Ifydrohjsifi  of  Acicular  Phenanthraquinonedihi/drocyanide. — Japp  and 
Miller  (loc.  cit.)  showed  that  carbon  dioxide  is  evolved  during  the 
formation  of  phenanthranil  and  hydroxydihydrophenanthranil  by  the 
hydrolysis  of  acicular  phenanthraquinonedihydrocyanide  with  cold, 
fuming  hydrochloric  acid  : — 

CisHj.O^Nj   +   H,0     r=     C,,H.,ON   +   CO,   +   ^\i„ 
Phenanthmnil. 
and 

C^UioOjNj   +   2HjO     .     C,5HuO.,N   +   CO,   +   NHg. 

Ifyilroxydihydro- 
[ilicii.nithratiil. 

As,  therefore,  the  evolution  of  curbon  dioxide  may  bo  utilised  as  an 
index  of  the  progress  of  the  reaction,  wo  attached,  in  the  majority  of 
the  experiments  which  wo  made,  a  delivery  ttibe  to  the  flask  in  whidi 
the  hydrolysis  was  carrie«l  out,  and  collected  the  carbon  dioxide  from 
time  to  time. 

In  our  flrnt  hydrolysifl  experiment  the  acicular  phenanthraquinone- 
dihydrfK'yanid««,  prepared  as  already  described  niid  drifd  over  sulplniric 
arid,  was  mixed  with  an  excess  of  the  strongest  hydrochloiic  acid  and 
allowo<l  to  stand  at  the  ordinary  temperature  for  a  fortnight.  No 
gM  WM  given  off,  and  the  substance  in  the  flask,  freed  from  hydro- 
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chloric  acid,  proved  to  be  unchanged  dihydrocyanide.  We  therefore 
reverted  to  Japp  and  Miller's  method,  which  we  describe  in  detail, 
inasmuch  as  the  reunite;  wliuh  wi*  n})taiiied  difFered  smtiewhat  from 
theirs. 

The  freshly-prepaied  liyilrocyamde,  freed  as  far  as  possible  from 
adhering  aqueous  hydrocyanic  acid  by  means  of  the  filter-pump,  hut 
still  moist  vnth  this  liquid,  was  mixed  with  a  large  excess  of  the 
strongest  hydrochloric  acid  (the  ordinary  fuming  acid  into  which 
hydrogen  chloride  had  beou  passed  to  complete  saturation)  in  a  flask 
fitted  with  a  delivery  tube.  Carbon  dioxide  was  evolved  and  was 
collected  over  mercury  in  a  tube  containing  a  little  water  so  as  to 
absorb  any  hydrogen  chloride.  Japp  and  Miller  state  that  the  evolution 
of  cai'bon  dioxide  ceases  "  after  some  ilayp."  This  is  incorrect.  The 
evolution  became  much  slower  after  al)Out  a  week,  but  diil  not  entii-ely 
cease  until  3|  months  had  elapsed.  The  contents  of  the  flask  were 
then  dilute«l  with  water,  and  the  solid  matter  was  separated  by  filtra- 
tion, digested  several  times  on  the  water-bath  with  sodium  carbonate, 
and  filtered  hot.  (Too  long  digestion  is  to  be  avoided,  as  otherwise 
the  sodium  salt  of  hydroxydihytlrophenanthranil  is  decomposed  with 
separation  of  a  brown  substance.)  After  the  treatment  with  sodium 
carbonate,  there  was  only  a  small  residue  which  proved  to  be  di- 
pheni/lenetartraviide  [vide  infra),  whereas  Japp  and  Miller  found  a 
large  insoluble  residue  of  phenanthraquinone,  which  must  have  been 
regenerated  l)y  the  action  of  the  hot  aqueous  carlwnate  solution  on  the 
acicular  phenanthraquinonedihydrocyanide  that  had  escaped  hydrolysis 
owing  to  the  shortness  of  the  time  during  which  the  experiment  was 
allowed  to  proceed.* 

The  united  sodium  carbonate  extracts  yielded,  on  acidification,   a 

copious  precipitate,  which,  after  i-ecrystallisation  from  boiling  benzene, 

was  obtained  in  tufts  of    slender   needles  of   hydroxydVtydropfiemin- 

.,     C,H,-C(OH)-CO 
thraml,     q  jj    (j^jr       >'jjt>    melting   at   183°.     A   small   quantity  of 

C  H  'C'CO 
phenanthranil,      \^    *  M   I       (m.   p.    241°),    was  obtained   from    the 

benzene  mother  liquor  and  was  fi-eed  from  any  hydroxydihydrophenan- 
thranil  with  which  it  wa.s  mixed  by  dissolving  it  in  sodium  carbonate 
and  digesting  the  solution  for  some  days  on  the  water-bath,  by  which 
treatment  the  salt  of  hydroxydihydrophenanthranil  is  destroyed 
with  separation  of  a  brown  insoluble  substance.  The  filtrate  then 
gives,  on  acidifying,  a  precipitate  of  pure  phenanthranil  (compare 
Japp  and  Miller,  loc.  cit.,  p.  36). 

Although  acicular  phenanthraquinonedihydrocyanide  that  has  been 

This  residue  is  not  refeiTcil  to  in  ihe  original  jxipr. — F.  R.  J. 
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previously  dried  is  not  hydrolysed  by  hydrochloric  acid  in  the  cold,  the 
reaction  readily  takes  place  at  a  higher  temperature. 

Seven  grams  of  dry  acicular  phenanthraquinonedihydrocyanide  and 
150  c.c.  of  ordinary  fuming  hydrochloric  acid  were  heated  for  40  hours 
at  80 — 90°  in  a  flask  fitted  with  an  air  condensing  tube.  The  product 
of  the  reaction  was  treated  precisely  as  in  the  previous  experiment ; 
but  in  the  present  case  phenanthranil  was  the  chief  product.  It 
separated  in  a  state  of  purity  from  the  benzene  solution,  whilst 
hydroxydihydrophenanthranil,  mixed  with  phenanthranil,  was  ob- 
tained from  the  mother  liquor. 

In  this  way,  by  varying  the  temperature  at  which  the  hydrolysis  is 
conducted,  one  can  obtain  either  phenanthranil  or  hydroxydihydro- 
phenanthranil as  chief  product. 

Japp  and  Miller  state  that  phenanthranil  and  hydroxydihydro- 
phenanthranil are  of  about  equal  solubility  in  benzene.  We  find, 
however,  that  the  latter  is  the  more  soluble. 

We  also  studied  the  action  of  alcoholic  hydrogen  chloride  on 
acicular  phenanthraquinonedihydrocyanide  and  obtained,  in  addition 
to  the  foregoing  compounds,  the  ethyl  ester  of  phenauthranilic  acid 
and  an  ethyl  derivative  of  hydroxydihydrophenanthranil. 

Twenty-four  grams  of  dry  acicular  phenanthraquinonedihydro- 
cyanide  were  mixed  with  300  grams  of  saturated  alcoholic  hydrogen 
chloride,  and  the  mixture  was  allowed  to  stand  for  3  months  in  a  flask 
fitted  with  a  mercury  safety  valve.  It  was  noticed  that  less  carbon 
dioxide  was  evolved  than  when  aqueous  hydrochloric  acid  was  used. 
The  solid  substance  was  separated  by  filtration,  and  the  alcoholic 
filtrate  was  diluted  with  an  equal  bulk  of  water.  The  solid  was 
treated  with  water  to  remove  ammonium  chloride,  and  the  residue  was 
treated  several  times  with  boiling  benzene,  which  extracted  plionau- 
thranil  mixed  with  a  little  hydroxydihydrophenanthranil.  The  residue 
from  the  extraction  with  benzene  was  recryatallised  from  boiling 
glacial  acetic  acid,  in  which  it  readily  dissolved  ;  the  crystals  were 
again  extracted  with  benzene,  and  the  residue  again  recrystallised 
from  glacial  acetic  acid.  The  substance  was  thus  obtained  in  slender 
tranHparent  prisms  melting  with  decomposition  at  274".  It  proved  to 
bo  diplieinjU'.itetartramide  combined  with  a  molecule  of  acetic  acid,  the 
latter  being  present  cither  as  solvent  of  crystallisation  or  as  salt- 
forming  acid,  but  probably  the  former,  owing  to  the  ease  with  which 
the  acetic  acid  was  expulUul  on  heating  the  compound,  and  also  owing 
to  the  fact  that  the  diplK^jiylcnutartramide  was  not  found  combined 
with  hydrochloric  acid  in  the  process  in  whicii  it  was  formed.  The 
yield  wan  OH  gram.  The  compound  was  analysed  before  we  discovered 
that  it  contained  acetic  acid. 
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0-2040  gave  045 12  COj  and  0-0924  HjO.     C  =  60-32  ;  H  =  5-03. 

0-2118  „  13-65  c.c.  moist  nitrogen  at  9° and  7645  mm.  N  =  7-79. 
G^^K^fi^N^Ai^fii  requires  C  =  6033 ;  H  =  502  ;  N  =  7-82  per  cent. 

The  compound  was  heated  at  110"^  until  its  weight  was  constant.  It 
lost  1  mol,  proportion  of  acetic  acid. 

0-3222  lost,  at  110°  0*0546.     Acetic  acid  =  16-94. 

C^^ll^^0^l!i2,C.2H^0.2  requires  acetic  acid  =  1676  per  cent. 

The  residue  melted  with  decomposition  at  274°,  like  the  original 
substance,  as  the  latter  had  of  course  parted  with  its  acetic  acid  of 
crystallisation  far  below  this  temperature.     It  was  analysed. 

0-1342  gave  03164  CO.^  and  0  0570  Kfi.     C  =  64-30  ;  H  =  4-71. 
0-1241     „     1005  c.c.  moist  nitrogen  at  7  5°  and  746  mm.  N-9-62. 
CjeH^^O^Ng  requires  C  =  6442  ;  H  =  469  ;  N  =  939  per  cent. 

The  compound  is,  therefore,  diphenylenetartramide, 
C,H,-C(OH).CONH, 
C^H^-C(OH)-CONH,  • 

It  is  identical  with  the  product  obtained  by  the  action  of  cold  fuming 
hydrochloric  acid  on  acicular  phenanthraquinonedihydrocyanide  {yitU 
supra),  as  was  proved  by  a  comparison  of  the  two  specimens  and  by 
the  mixture  melting-point  test. 

Diphenylenetartramide  is  not  chemically  altered  by  heating  with 
fuming  hydrochloric  acid  at  190— 200°,  as  it  merely  dissolves  in  the 
hot  acid  and  crystallises  out  again  on  cooling.  It  is  therefore  evident 
that  it  cannot  be  an  intermediate  product  in  the  formation  of  phenan- 
thranil  and  hydroxydihydropheuanthranil. 

The  phenanthranil  obtained  by  the  extraction  of  the  original 
residue  with  benzene  was  freed  from  hydroxydihydrophenanthranil  by 
destroying  the  latter  compound  by  digesting  the  mixture  with  sodium 
carbonate  for  several  days  on  the  wat«r-bath  as  described  in  the  case 
of  the  product  of  the  hydrolysis  with  aqueous  hydrochloric  acid.  It 
gave  the  correct  melting  point  of  241°,  and  was  further  identified  by 
the  mixture  melting-point  test. 

The  alcoholic  hydrogen  chloride  filtrate,  diluted  as  already  mentioned 
with  water,  deposited  a  solid  substance.  This  was  sejmrated  by  fil- 
tration, washed  with  water,  and  extracted  with  hot  sodium  carbonate, 
which  removed  a  quantity  of  hydroxydihydrophenanthranil,  which  on 
reprecipitation  and  recrystallisation  from  benzene  melted  at  183^,  and 
was  further  identified  by  the  mixture  melting-point  test. 

The  residue  from  the  foregoing  sodium  carbonate  extraction,  re- 
crystallised  fiom  benzene,  formed  very  slender  white  needles  melting 
at  207°.     The  yield  was  0*7  gram. 
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0-1666  gave  0--4680  CO.,  and  0-0854  H,0.     C  =  76-61  ;  H  =  5-69. 
0-20-48     „      9-05  c.c.  moist  nitrogen  at  6°  and  741  mm.     N  =  5-24. 
C17H1.O2N  requires  C  =  76-98 ;  H  =  5-66  ;  N  =  5-28  per  cent. 

The  synthesis  of  this  compound,  to  be  described  later  on,  from  the 

sodium  salt  of  hydroxydihydropheuanthranil  and  ethyl  iodide,  and  the 

fact  that  it  is  not  hydrolysed  by  boiling  it  with  alcoholic  potassium 

hydroxide,  lead  us  to  regard  it  as  a  hydroxyethyldihydro}}henanthranilf 

C,.H.-C(OH)*CO 
I  I         _  '  ,  in  which  the  ethyl  group  is  attached  to  nitrogen. 

0       4  J,       o 

Possibly  the  sodium  salt  of   hydroxy dihydrophenanthra nil  is  derived 

,      C,H,'C(OH)-C-ONa 
irom  the  tautomeric  form  and  has  the  formula,   1"        '  „     _U  ' 

or  possibly  the  side  chain  opens  in  the  formation  of  this  salt,  as  in  the 
case  of  the  metallic  salts  of  phenanthranil.  Japp  and  Miller  were 
unable  to  obtain  the  metallic  salts  of  hydroxydihydropheuanthranil 
sutiiciently  pure  to  decide  with  certainty  on  their  composition. 

The  dilute  alcoholic  hydrochloric  acid  filtrate,  from  which  the  fore- 
going substance  had  been  separated  by  filtration,  was  allowed  to 
evaporate  spontaneously.  As  the  alcohol  was  given  off,  a  brownish 
solid  was  deposited  ;  this  was  boiled  with  benzene,  which  did  not  dis- 
solve it,  but  left  it  Avhite.  This  white  substance  proved  to  be  the 
hydrochloride  of  a  weak  base  ;  it  was  found  that,  by  digesting  it  with 
water  on  the  water-bath  for  half  an  hour,  the  whole  of  the  hydrochloric 
acid  could  be  removed.  The  basic  product  resulting  from  this  treat- 
ment was  recrystallised  first  from  alcohol  and  afterwards  from 
benzene  ;  from  the  latter  solvent  it  is  deposited  in  slender  needles 
with  a  yellowish  tinge,  melting  at  185°,  with  decomposition,  to  a  red 
liquid  which  resolidifies  and  then  does  not  melt  even  at  290"^. 

0-1485  gave  0-4171  CO.^  aud  00742  HgO.     C  =  76-60;  H  =  5-55. 
0-1868     „     8-45  c.c.  moist  nitrogen  at  9°  and  733  mm.      N  =  5-24. 
CjyHjjOjN  requires  C  =  76-98  ;  H  =  5-66 ;  N  =  5-28  per  cent. 

We  regard  this  compound  as  elhyl  phenanthranilate  (iO-aniinop/iau- 
aiUhreiie-^-carboxyliUe),  A'^tt'  IJ  xTrr  ^    ^»  altliough  we  must  point  out 

that  the  fact  that  the  substance  does  nut  interact  with  benzaldehydo, 
even  at  the  boiling  point  of  the  latter,  is  not  in  keeping  with  this 
formula. 

When  the  foregoing  o^.Um  (ni.  p.  185°)  is  heated  with  aqueous  caustic 
HOilu,  it  dissolves,  and  on  acidifying  the  solution,  phenanthranil  is  pre- 
(;il)ital<*d,  the  lilx^ruted  pheniinihiiinilic  acid  parting  with  water  and 
yielding  tliis  couipouud.  The  phenanthranil  thus  obtained  was  recrys- 
tallised from  benzene.  It  showed  the  correct  molting  point  of  241° 
and  was  further  iduutifiod  by  tlio  mixture  melting-point  test. 


PHENANTHRAQUINONE.      SECOND  NOTICE.  695 

By  treaiiog  the  foregoing  «6ter  (m.  p.  185°)  iu  the  cold  with  excess 
of  acetic  anhydride  containing  a  little  concentrated  sulphuric  acid 
(1  drop  per  5  grams),  a  crystalline  substance  waa  obtained,  insoluble 
in  the  ordinai-y  organic  menstrua,  melting  at  218 — 219",  and  yielding, 
on  analysis,  0  =  76-55,  11  =  4- 17,  N  =  5  0j.  These  figures  do  not 
appear  to  lead  to  any  formula  that  can  be  accounted  for.  Possibly 
the  carbon  is  too  low,  but  we  had  not  sufficient  substance  for  fui-ther 
analysis. 

An  attempt  to  synthesise  the  foregoing  estei-  (m.  p.  ISS'')  from 
sodium  phenanthranilate  and  ethyl   iodide  yielded,  instead,  jJienanthr- 

- ^-  ,     *''^  ii  II        -    ''  (m.  p.  110°),  dei'ived  from  the  lactim 

foi-m  of  phenanthi*anil  (vide  infra). 

llydrolijais  of  Laminar  Vhenanthruquinonediltydroctjanide. — In  the 
case  of  this  substance  only  the  hydrolysis  with  aqueous  hydrochloric 
acid  was  studied.  At  the  ordinary  tem{>ei-ature  fuming  hydrochloric 
acid  had  no  action  whatever.  It  was  necessary  to  heat  the  finely- 
IKJwdered  substance  with  the  fuming  acid  at  100°  in  order  to  obtain 
any  result.  Only  a  small  quantity  of  phenanthranil  and  ht/droxyilx- 
Injdropheuantkranil  could  be  isolated  from  the  product.  Daj-k-coloured, 
resinous  matters,  insoluble  in  sodium  carbonate,  were  formed  in  con- 
siderable amount. 

I/i/droxt/dihydrop/tenanthranil, 

1*1                      or        *•    *  r       'II  ^m  D  183°^ 

C,H,-CH NH  C,iH,-CH N  ^      ^  '- 

i       „    ,        ,  ,   J      ,  .       .,       C,H,-C(OH)-CO 

Acetylni/arojci/dmi/drojt/ietiant/iranu,      X Vr    Aij     '-kj  n  \s  r\   (*"•  P* 

C,;H^*Crl ^  'CoHgO 

190 — 192°,  with  decomposition). — One  gram  of  hydroxydihydixjphen- 
anthranil,  6  grams  of  acetic  anhydride,  and  1  drop  of  concentrated 
sulphuric  acid  were  allowed  to  intei-act  in  the  cold  for  3  weeks.  The 
solid  was  filtered  off,  washed  with  a  little  cold  glacial  acetic  acid,  and 
recrystallised  from  boiling  alcohol.  It  forms  small  white  needles  melt- 
ing at  190 — 192°  with  decomposition.     The  yield  was  almost  1  gram. 

01 826  gave  0-4904  CO.,  and  0-0792  H.,0.     C  =  73*24  ;  H  =  481. 
01460     „      6-2  c.c.  moist  nitrogen  at  6°  and  751  mm.     N  =  5-10. 
CjyHjgOsN  requires  C  -  7311 ;  H  =  465  ;  N  =  5-01  per  cent. 

The  compound  is  therefore  a  vwnacetyl  derivative  of  hydroxydi- 
hydroplienanthvanil.  The  acetyl  group  replaces  the  labile  hydrogen 
atom,  as  the  compound  does  not  dissolve  in  sodium  carbonate.  On 
long  digestion  with  sodium  carbonate  solution  on  the  water-bath,  how- 
ever, it  is  decomposed  with  separation  of  the  brown  amorphous 
substance    which   hydroxydihydrophenanthranil    yields  under  similar 
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circumstances,  the  decomposition  being,  in  the  present  case,  doubtless 
preceded  by  the  hydrolysis  of  the  acetyl  derivative. 

/\.  ' 

o    o 

BenzylidenehydroxydiAydrophenanthranil,        }^^  Arr  U      {^-      P' 

245 — 246°  with  decomposition). — Half  a  gram  of  hydroxydihydro- 
phenanthranil  was  boiled  for  3  minutes  in  a  test-tube  with  2  grams  of 
benzaldehyde.  Water  was  given  off.  Alcohol  was  then  added  and 
the  mixture  digested  for  some  time.  The  crystalline  substance  which 
separated  was  recrystallised  from  boiling  glacial  acetic  acid,  from 
which  it  was  deposited  in  clusters  of  very  slender  white  needles  melt- 
ing at  245 — 246°  with  decomposition,  evolving  gas  and  turning  yellow. 
It  is  very  sparingly  soluble  in  alcohol  and  in  benzene,  and  does  not 
dissolve  in  sodium  carbonate  or  sodium  hydroxide  even  on  long  heating. 

0-1702  gave  0-5018  COg  and  0-0728  HjO.     C  =  80-40;  H  =  4-75. 
0-2585     „     9-35  c.c.  moist  nitrogen  at  7°  and  756  mm.     N=-4-36. 
C^jH^sO^N  requires  0  =  81-23;  H  =  4-61  ;  N  =  430  per  cent. 

The  compound  is  thus  the  benzylidene  derivative  of  hydroxydihydro- 
phenanthranil. 

Phenanthi-anil,  on  the  contrary,  is  not  acted  on  by  benzaldehyde  at 
the  boiling  point  of  the  latter. 

Synthesis  of  Hydroxyethyldihydrophenanthranil, 
aH,-C(OH).CO 

6„H,-CH N-C,H5 

(m.  p.  207°). — As  the  salts  of  hydroxydihydrophenanthranil  are  very 
unstable,  we  thought  it  better,  instead  of  attempting  to  j)tepare  its 
sodium  salt  and  acting  on  this  witli  ethyl  iodide,  to  employ  the  method 
of  alkylation  devised  by  Japp  and  Klingemann  (Trans.,  1888,  53, 
526 — 527)  to  meet  such  cases. 

One  and  a  half  grams  of  hydroxydihydrophenanthranil  and  4-8 
grams  of  ethyl  iodide  were  dissolved  in  absolute  ethyl  alcohol,  the 
solution  was  boiled  in  a  flask  fitted  with  a  reflux  condenser,  and  a 
solution  of  ()-7  gram  of  sodium  in  absolute  alcohol  was  allowed  to  fall 
drop  by  drop  into  the  boiling  liquid.  The  boiling  was  continued  for 
3 A  hoiuK.  The  solution  was  cooled,  diluted  with  water,  and  extracted 
with  otiior.  The  ethereal  extract  was  freed  from  a  small  quantity 
of  unchanged  hydroxydihydrophenanthranil  by  shaking  it  with 
•odium  carbonate  solution,  and  a  further  quantity  of  the  same 
compound  won  precipitated  on  acidifying  the  extracte  I  nqueous 
alcoholio  solutioD,  0*4  gram  of  unchanged  substance  in  all  being 
thus  recovered.     Tlie  etiiereal  extract  yielded,  ou  evaporation,  hydroxy- 
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ethyldihydropftenanthranil,  which  crystallised  from  boiling  benzene 
in  slender,  white  needles  melting  at  207^^.  It  was  proved  by  the 
mixture  melting-point  test  to  be  identical  with  the  substance  of 
the  same  melting  point  obtained  by  the  action  of  alcoholic  hydrogen 
chloride  on  acicular  phenanthi-aquinonedihydrocyanide. 

0-2000  gave  05633  COj  and  0-1029  H.p.     C - 76-77  ;  H  =  5-71. 
Ci7H,i,0.N  requires  C- 76-98  ;  H-5-66. 

As  already  mentioned,  the  compound  is  not  hydrolysed  by  boiling  it 
with  alcoholic  potassium  hydroxide.  ^Ve  also  ascertained  that  boiling 
benzaldehyde  is  without  action  on  it. 

Acetyl  Derivative  qf  I/ydroxt/ethyldihi/drophenaiUJiranil, 

C,H,CU N-C.Hj 

(m.  p.  148— 1'19°). — One  gi-am  of  hydroxyethyldihydrophenanthranil 
(m.  p.  207°),  10  grams  of  acetic  anhydride,  and  1  drop  of  concentrated 
sulphuric  acid  were  allowed  to  stand  in  the  cold.  At  first  the 
substance  dissolved,  but  afterwards  the  liquid  became  filled  with 
crystals.  At  the  end  of  a  fortnight  the  solid  was  sepai-ated  by  filtra- 
tion ;  the  tilti-ate,  diluted  with  water,  yielded  a  further  quantity  of 
the  same  product,  the  total  yield  being  08  gram.  The  substance  was 
purified  by  dissolving  it  in  benzene  and  adding  light  petroleum,  when 
it  separates  in  very  slender,  silky  needles  melting  constantly  at 
148—149'^. 

01674  gave  04548  CO,  and  0-0847  HjO.     C  -  7409  ;  H  =  5-62. 
0-2544     „     1000  c.c.  moist  nitrogen  at  15-5°and756  mm.  N  =456. 
Cii,Hi703N  requires  0  =  7426;  H  =  553  ;  N  =  456  per  cent. 

Hydrolysis  of  Hydroxy dViydropJtenanthranil  toith  Fuming  Uydro- 
chloric  Acid. — Three  sealed  tubes,  each  containing  2  grams  of  hydroxy- 
dihydrophenanthranil  with  50  c.c.  of  fuming  hydrochloric  acid,  were 
heated  for  6  hours  at  130°.  There  was  pressvu-e  in  the  tubes  on  opening. 
The  fused  mass  of  organic  substance  was  powdered  and  extracted  with 
ether.  The  ethereal  solution  was  shaken  with  dilute  sodium 
hydroxide,  and  the  sodium  hydroxide  solution,  heated  to  expel  ether 
and  then  filtered,  Avas  saturated  with  carbon  dioxide.  A  phenolic 
substance  was  thus  precipitated  which,  after  recrystallisation  from  hot 
benzene,    formed   brownish    needles    melting    at     151 — 153°.      The 

C  TT  'OTT 
properties  were  those  of  ^-hydroxypJtenanthrene,  i^rr^  W  rwi  »  ^^^  ^*® 

melting  point  was  not  altei-ed  by  mixing  it  with  a  specimen  of  this 
compound  prepared  by  Japp  and  Klingemann  (Trans.,  1893,  63, 
770)  by  the  partial  reduction  of  phenanthraquinone  with  hydriodic 
acid. 

VOL.   LXXXVll.  3   B 
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0-1601  gave  0-5051  COo  and  00751  H2O.     C  =  86-04;  H  =  5-21. 
Cj^HjqO  requires  0  =  8660  ;  H  =  5-16  per  cent. 

It  was  further  identified  by  mixing  its  hot  benzene  solution  with  a 
similar  solution  of  phenanthraquinone.  The  mixed  solution  deposited, 
on  cooling,  ruby-red,  lozenge-shaped  crystals  of  the  compound 
CggHjgOg,  melting  at  155°  (compare  Japp  and  Findlay,  1897,  71, 
1121). 

The  ethereal  solution  from  which  the  9-hydroxyphenanthrene  had 
been  removed  by  sodium  hydroxide  yielded,  on  evaporation,  a 
substance,  which,  after  recrystallisation  from  benzene,  formed  crystals 
melting  at  209°.     This  proved  to  be  'i-phenanthryl  oodde, 

,64,1  I  I     |0      •! 

(m.  p.  210°). 

It  was  identified  by  a  comparison,  including  the  mixture  melting- 
point  test,  with  the  original  specimen  of  this  substance  prepared  by 
Japp  and  Findlay  {loc.  cit.,  p.  1119).  Examined  microscopically,  both 
specimens  appeared  as  rhomboidal  plates  with  an  acute  angle  of  about 
66°  and  with  extinction  parallel  to  the  diagonal. 

The  residue,  which  remained  after  the  extraction  of  the  original 
product  of  hydrolysis  with  ether,  was  recrystallised  from  boiling  coal 
oil  (b.  p.  170 — 190°).  It  was  thus  obtained  in  clusters  of  colourless 
slender  needles  melting  at  305°  and  was  identified  as  tetraphenylene- 

P  TT  ' C       V'O  TT 
furfuran,  X*'tt*  U       U  X'^tt*  »  ^^^^  ^X  ^^®  mixture  melting-point  test 

O 

and  by  the  colour  reaction  with  concentrated  sulphuric  acid  and 
sodium  uilrite  (compare  Japp  and  Findlay,  loc.  cit,,  p.  1120). 

Phenanthranil, 

C  H  'C'CO 

Acetylpheiuiiithranil,  I**    "*  U  X  ^  rr  n  (™-  P-   145°).— The  acetyla- 

tion  was  carried  out  with  acetic  anhydride  containing  a  small  quantity 
of  concentrated  sulphuric  acid,  exactly  as  in  the  ucetylation  of 
hydroxydihydrophcranthranil  {vide  supra)  and  using  the  sumo  pro- 
portions. The  product  waH  crystalliKed  from  hot  alcohol,  in  which  it 
is  rea<lily  soluble.  It  formed  clustorH  of  blonder,  silky  noodles  melt- 
ing at  140''.  It  docH  not  dissolve  in  sodium  ciirbonato  .solution,  even 
at  100".  AiialysiH  showed  that  a  monacetyl  derivati\'o  had  been 
formed. 


was 
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01634  gave  04660  00,  and  00624  H.,0.     0  =  7777  ;  H  =  4-24. 
01716     „     0-4930  CO,,    „    0  0666  KA     0-7835 ;  H  =  4-31. 
0-2186     „     905  c.c.  moist  nitrogen  at  6^  and  759  mm.     N  =  5-03. 
Ci7HiiO.^N  reciuires  C  =  7816  ;  H  -  421 ;  X  -  536  per  cent. 

Lacliui  E$Ur  of  Plieuanthranil  {PJ^enanUiranU  EUtyl  £ater)t 
CoH,-C-C-OC,H, 
C,H,C-N 

(m.  p.  110°).— Sodium  phenanthranilate,  I  „   M  ^wj      ,4HoO, 

prepared  by  dissolving  phenanthranil  in  a  hot  solution  of  tsodium 
carbona'e;  on  cooling,  the  liquid  depot^ited  lamiuw  of  the  salt.  It  was 
dried  at  110^  to  expel  water  of  crystallisation.  The  dried  salt, 
together  with  an  excess  of  ethyl  iodide,  was  dissolved  in  absolute 
alcohol,  and  the  mixture  was  boiled  for  3A  hours.  Dilution  witli 
water  precipitated  a  white  substance  ;  tliis  was  filtered  off  and  digested 
with  warm  sodium  carbonate,  which  removed  a  little  phenanthranil. 
The  residue  wjva  recrystallistd,  first  from  alcohol  and  afterwards  fi-om 
light  petroleum  (sp.  gr.  071 — 0-72).  It  was  thus  obtained  in  slender 
needles  melting  at  110^.  It  i&  very  soluble  both  in  alcohol  and  in 
benzene. 

01342  gave  04064  CO^  and  0-0662  H.O.     C  =  82  59  ;  H  =  5-48. 
0-2256     „     1 1  25  c.c.  moi^t  nitrogen  at  1 1  5° and  758  mm.  N  --  5  92. 
CjyHigON  requires  0  =  82  59  ;  H  =  5-26;  N=5-66  percent. 

An  attempt  to  acetylate  the  compound  with  acetic  anhydride  con- 
taining a  little  sulphuric  acid  gave  no  result. 

A  portion  of  the  compound  was  digested  on  the  water-bath  in  a 
silver  basin  with  a  20  per  cent,  solution  of  potassium  hydroxide  in 
absolute  alcohol,  renewing  the  alcohol  as  retjuired.  The  alcohol  was 
then  expelled,  water  was  added,  and  the  mixtui-e  was  digested  and 
filtered  hot  from  the  insoluble  residue.  The  hot  filtrate  was  acidified 
and  the  precipitate  recrystallised  from  benzene.  Needles  of  p/ien- 
anthranil  (m.  p.  241^)  were  thus  obti\ined.  The  insoluble  residue, 
separated  by  filtration  from  the  potassium  hydroxide  solution,  was 
crystallised  from  benzene  ;  it  was  thus  obtained  in  slender  needles 
melting  at    207^,   and   was   identical   with   the  hydroxyethyldihydro- 

plienanthraiiil,    ',"„*   '         _  •    .,  „  »  already  described,  as  was  proved 

by  the  mixture  melting-point  test.  The  lactim  ester  of  phenanthranil 
is  thus  partly  hydrolysetl  to  phenanthnxnil,  and  partly  ti-ansformetl  by 
migi-ation  of  the  ethyl  group  and  assumption  of  the  elements  of  water 
into  hydroxyethyldihydrophenanthranil. 

The  latter  result  was  so  surprising  that   we  repeated  the  entire 

3  B  2 
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experiment,  preparing  the  lactim  ester  of  phenanthranil  from  a 
specimen  of  phenanthranil  which  had  been  purified  by  digesting  it  for 
several  days  on  the  water-bath  with  a  solution  of  sodium  carbonate 
and  from  which,  consequently,  every  trace  of  hydroxydihydrophen- 
anthranil  must  have  been  removed  by  the  destruction  of  this  compound. 
The  result,  however,  was  the  same  as  before. 

The  only  alternative,  so  far  as  we  can  see,  to  assuming  a  migration 
of  the  ethyl  group  from  carbon  to  nitrogen  in  a  portion  of  the  lactim 
ester  is  to  suppose  that  the  latter  substance  is  in  reality  a  mixture 
of  the  0-ethyl  and  ^-ethyl  derivatives  of  phenanthranil,  the  former 
being  hydrolysed  by  the  caustic  alkali  to  phenanthranil,  and  the 
latter  taking  up  the  elements  of  water  to  form  the  hydroxyethyl- 
dihydrophenanthranil.  The  lactim  ester  of  phenanthranil,  how- 
ever, shows  no  sign  of  being  other  than  a  perfectly  homogeneous 
substance. 

We  also  digested  a  specimen  of  hydroxyethyldihydrophenanthranil 
(m.  p.  207°),  prepared  from  hydroxy dihydrophenanthranil,  ethyl  iodide, 
and  sodium  ethoxide  {vide  supra),  for  3h  hours  with  20  per  cent, 
alcoholic  potassium  hydroxide  on  the  water-bath.  The  hydroxyethyl- 
dihydrophenanthranil  was  recovered  unchanged,  and  the  potash 
solution,  treated  as  in  the  experiment  just  described,  gave  no  precipi- 
tate on  acidifying. 

Hydrolysis  of  Phenanthranil  with  Fuming  Hydrochloric  Acid. — 
Unlike  hydroxydihydrophenanthranil,  phenanthranil  is  not  acted  on 
by  fuming  hydrochloric  acid  at  130°.  At  a  temperature  of  160 — 170°, 
however,  9- hydroxyphenanthi'ene  was  formed,  and  was  identified  by  its 
proi>ertie8  and  by  the  mixture  melting-point  test.  As  the  quantity  of 
phenanthranil  which  we  could  spare  for  the  experiment  was  small,  we 
did  not  search  for  the  other  products  obtained  from  hydroxy- 
dihydrophenanthranil. 

The  production  of  9-liydroxyphenanthi*ene,  both  from  phenanthranil 
and  from  hydroxydihydrophenanthranil,  is  of  importance,  inasmuch  as 
it  proves,  as  already  pointed  out,  thiit  both  these  compounds  contain 
the  phenanihrene  nucleus. 

Distinclioji  between  Phenanthranil  (m.  p.  241°)  and  Jlydroxydihydro- 
phenanthranil  (m.  p.  183"). — JJotli  phenanthranil  and  hydroxydihydro- 
ph(!nanthranil  cryHtallise  from  bon/ono  in  slender  needles,  the  former 
being  the  Iohh  soluble.  The  two  nubstances  are  very  similar  in  appear- 
ance. In  addition  to  the  nielting  points,  the  following  dilVeroncos  may 
bo  noted.  In  polarised  liglit  the  needles  of  i)honantliraiiil  show 
straight  extinction  ;  tho.io  of  hydroxydiliydropluMianthranil  ol)li(iue 
extinction  at  an  angle  of  about  13"  from  tlid  long  axis,  rhonnntln- 
anil  dooH  not  disHolvein  cold  conooutratod  sulphuric  acid,  l)ut,  on  warm- 
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ing,  dissolves  slowly,  yielding  a  grass-green  solution.  Hydroxy- 
dihydrophenanthranil  dissolves  in  cold  concentrated  sulphuric  acid 
giving  a  light  yellow  solution  which  is  unaltered  on  warming. 

Chemical  Depautment, 

Univeusity  of  Aberdeen. 


LXIX. — A  Condensation  Product  of  Mandelonitrile. 

By  Francis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc.,  Carnegie 
Scholar  in  the  University  of  Aberdeen, 

By  saturating  a  solution  of  mandelonitrile  (benzaldehydecyanhydrin) 
in  absolute  ether  with  gaseous  hydrogen  chloride,  Minovici  {Ber.,  1899, 
32,  2206)  obtained  a  yellow  compound  of  the  formula  Cj^Hj^C^o  : — 

2C^H5-CH(OH)-CN   =   Cj.HijON^   +   H^O. 

Minovici  found  the  melting  point  of  this  substance  at  200 — 203°. 
It  was  not  hydrolysed  by  heating  either  with  potassium  hydi-oxide 
or  with  hydrochloric  acid.  It  formeil  an  unstable  hydrochloride,  which 
was  at  once  decomposed  in  contact  with  water  or  alcohol,  liberating  the 
base.     The  author  suggests,  as  a  possible  constitution, 

C,H,-CH(CN)-C(OH)(CN).n,H,. 
but  admits  that  this  formula  is  not  in  keeping  with  the  reactions  of 
the  compound. 

Minovici  has  failed  to  notice  that  this  compound  is  identical  with 
a  substance  which  Japp  and  Miller  (Trans.,  1887,  51,  29)  obtained, 
along  with  other  products,  by  dissolving  benzil  in  alcohol,  adding  a 
considerable  excess  of  anhydrous  hydrocyanic  acid,  and  saturating  the 
liquid  with  gaseous  hydrogen  chloride.  They  point  out  that  the  com- 
pound contains  in  its  molecule  an  atom  of  oxygen  less  than  benzil- 
dihydrocyanide : 

but  they  were  unable  to  prepare  the  substance  by  the  action  of  alcoholic 
hydrogen  chloride  on  pure  benzildihydrocyanide.  They  found  the 
melting  point  at  196 — 197°,     The  yield  was  very  small. 

Minovici's  reaction  explains  the  mode  of  formation  of  this  substance 
in  the  process  described  by  Japp  and  Miller.  Under  the  influence  of 
the  alcoholic  hydrocyanic  acid  a  portion  of  the  benzil  is  converted  into 
a  mixture  of  benzaldehyde  and  ethyl  benzoate  (compare  Michael  and 
Palmer,  Amer.  Chem.  J.,  1885,  7,   189);  and  the  benzaldehyde  then 
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interacts  with  the  hydrocyanic  acid  to  form  maudelonitrile,  which  is 
finally  transformed  by  the  hydrogen  chloride  into  the  compound 
CjgHj.^ONg,  as  in  Minovici's  reaction.  The  formation  of  ethyl  benzoate 
was  observed  by  Japp  and  Miller  (Joe.  cit.). 

A  careful  comparison  of  the  substance  obtained  by  Minovici's 
method  with  one  of  Japp  and  Miller's  original  preparations  showed 
that  the  two  were  identical.  We  confirmed  in  both  cases  the  melting 
point  196 — 197^  given  by  Japp  and  Miller.     Minovici  gives  200 — 203°. 

The  reactions  of  the  compound  lead  us  to  regard  it  as  3-keto-2  : 5- 
diphenylZ  :  A:-dihijdro-\  :  i-diazine,  formed  according  to  the  scheme 

N 

/% 
C==N       HO-HC-C,H.       „^  HC       C«C,H, 

C,,H.'CH-OH       N^^C  ^  CoH^-C       CO 

NH 

It  is  somewhat  difficult  to  give  an  account  of  the  precise  mechanism 
of  the  process  in  which  the  substance  is  produced,  and  wo  therefore 
confine  ourselves  to  stating  the  reaction  in  the  foregoing  summary 
form. 

The  ketonic  formula  appears  more  probable  than  the  tautomeric 
enolic  form,  because  the  former  accounts  better  for  the  facts  (1)  that 
the  compound  cannot  be  acetylated,  and  (2)  that,  when  it  is  reduced 
with  hydriodic  acid,  the  oxygen  atom  is  replaced  by  2  atoms  of  hydro- 
gen ;  .whereas,  if  a  hydroxy  1  group  were  replaced  by  a  hydrogen  atom, 
the  resulting  diazine  would  not  be  further  reduced.  As  regards  the 
latter  point,  Staedel  and  Kleinschmidt,  it  is  true,  claim  to  have  reduced 
2  :  5-diphenyl-l  :  4-diazine  (**  isoindole  ")  by  the  action  of  hydriodic  acid 
to  a  yellow,  basic  compound  {Ber.,  1878,  11,  1746);  but  we  have 
entirely  failed  to  confirm  this  result  {vide  infra). 

We  find  that  when  the  condensation  compound  is  distilled  with  zinc 

N 

du8t,   it   is  reduced   to   2 :5-diphevyl-\ '.idiazine,  ^  „   M      Xtt"    ^ 

\^ 

N 

(m.  p.  194 — 196*), a  compound  first  obtained  by  Staedel  and  Uiigheimor 
l>y  the  action  of  ammonia  on  u>-chloroacetophenono  {lim'.,  1876,  9,  563), 
but  of  which  the  correct  composition  and  constitution  wore  ascertained 
later  by  L.  Wolff  (/i«r.,  1887,  20,  432).* 

•  Wolff,  liowovcr,  in  ttwordaiico  with  tlic  viiw  at  that  time  incvtiiliiig  on  tlio 
mbject  of  the  constitution  of  dia/incH  of  tliii  typo,  funnnlutL-d  tlic  cumpound  with 
•  l«rK-bund  li«twecu  the  two  ultrogeu  atonm. 
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If,  on  the  other  hand,  the  condensation  compound  is  reduced  by 
heating  it  with  hydriodic  acid  and  red  phosphorus,  it  yields  a  com- 
pound of  the  formula  CjgHj^No  (m.  p.  162 — 163°),  which  we  regard 

N 
/% 
as      2  :  ^-dipJienyl-Z  :  4-dihi/drol  :  i-diaztru,       «  -rr   W      Xir*    '• 

\/ 
NH 

That  it  is  not  a  1  :  4-dihydro-compound  is  indicated  by  the  fact  that  on 

distillation  it  does  not  part  with  hydrogen   yielding    2  : 5-diphenyl- 

1  : 4-diazine.     We  were  unable  to  acetylate  this  substance. 

Of  the  numerous  reactions  which  we  tried  with  the  condensation 
product,  only  the  two  foregoing  gave  positive  results. 

Attempts  to  obtain  the  condensation  product  by  acting  on  mandelo- 
nitrile  with  other  dehydrating  agents  did  not  give  the  desii-eil  result. 
Thus  acetic  anhydride  to  which  a  few  drops  of  sulphuric  acid  had  been 
added  converted  mandelonitrile  in  the  cold,  with  liberation  of  hydro- 
cyanic acid,  into  a  compound  melting  at  239 — 240^  and  having  the 
formula  CgyHgaOgNj.  The  yield  of  this  substance  is  greatly  increased 
by  previously  adding  to  the  mandelonitrile  half  its  molecular  propor- 
tion of  beuzaldehyde.     It  is  formed  according  to  the  equation  : 

2CaHji-CH(0H)-CN  +  C.Hj'CHO  -f-  (CjH30),0  -  Cj-H^^O^N,, 

and  its  constitution  may  be  represented  by  the  formula 

C^H5-CH[NH-CO-CH(0-C2HjjO)-C,H5]j. 

The  reaction  in  which  it  is  formed  is  thus  analogous  to  tliat  discovered 
by  Hepp  and  Spiess  {Ber.,  1876,  9,  1425)  in  which  acetaldehyde  and 
benzoniirile,  under  the  influence  of  concentrated  sulphuric  acid,  yield 
et.hyUdenedibenzamide,  CHs-CH(NH-CO-C8H5).,.  Heated  with  water 
at  180°  the  compound  C.2YH^gOgNj  was  hydrolysed,  yielding  benzalde- 
hyde,  mandelic  acid  and  acetic  acid. 

Experimental. 

N 

/% 
HC       C'C  H 

3-Keto-2  : 5-diphenyl-Z  :  i-dihydro-1  :  idiazine,  p  rr   p       ro  "    ^ 

'    '  \/ 
NH 

(m.  p.  196—197°). 

Comparison  of  tlie  Compound  C^gHj^ONo  obtained  by  ilinovici's 
Method  with  that  described  by  Japp  and  Miller. — We  prepared  a  quan- 
tity of  the  compound  CigHijONo  by  Minovici's  method  of  saturating 
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a  solution  of  mandelonitrile  in  absolute  ether  with  gaseous  hydrogen 
chloride  (Ber.,  1899,  32,  2206).  The  product  was  purified  by  boiling 
it  in  alcoholic  solution  with  animal  charcoal  and  afterwards  recrystal- 
lising  it  repeatedly  from  alcohol.  It  was  compared  with  a  specimen  of 
the  substance  of  the  same  formula  prepared  by  Japp  and  Miller  from 
benzil  by  the  method  already  described. 

Both  preparations  melted  at  196 — 197°,  and  showed  no  depression 
of  melting  point  when  mixed.  Both  crystallised  in  flat,  pointed, 
lustrous,  yellow  needles  showing  straight  extinction.  Both  dissolved 
in  concentrated  sulphuric  acid  giving  an  orange-yellow  coloration. 
They  were  therefore  identical. 

Both  products  had  been  previously  analysed  by  their  discoverers. 

We  have  already  given  our  reasons  for  assigning  to  the  compound 
the  constitution  of  a  S-keto-2  :  5-dipheni/l-3  :  A-dihydro-l  :  ^-diazine. 

As,  of  the  two  methods  for  preparing  the  compound,  that  of  Minovici 
is  both  the  simpler  and  gives  the  better — although  a  far  from  satis- 
factory— yield,  it  was  employed  in  obtaining  the  material  required  for 
the  following  reactions. 

The  compound  could  not  be  acetylated  either  by  boiling  it  for  several 
hours  with  excess  of  a  mixture  of  acetic  anhydride  and  anhydrous 
sodium  acetate,  or  by  allowing  it  to  stand  in  the  cold  with  acetic 
anhydride  containing  a  few  drops  of  concentrated  sulphuric  acid,  nor 
did  it  yield  a  nitroso-derivative  on  adding  solid  sodium  nitrite  to  its 
solution  in  glacial  acetic  acid. 

Distillation  of  the  Compound  Cj^H^oON.,  (m.  p.  196—197°)  with 
Zinc  Dust :  Formation  of  2  :  5-Dipheni/l-l  :  \-diazine, 

N 


hA 


CC«H, 


CoH,-C      CH 


\^ 

N 

— Eight  grams  of  the  compound  Ci^HjoONg  were  distilled  with  zinc 
dust  in  four  portions — 2  grams  of  sub.stance  mixed  with  20  grams  of 
zinc  dust  being  used  for  encli  distillation.  The  united  alcoholic  extracts 
of  the  distillates  wore  concentrated,  and  the  solution  was  nucleated 
with  a  trace  of  dust  of  2  :  5-diphonyl-l  :  4-(Hazinc,  prepared  by  the 
action  of  alcoholic  ammonia  on  u)-bromoacctophenone  (Staodel  and 
Kleinschmidt,  Her.,  1880,  13,  836;  compare  also  Braun  and  Victor 
Meyer,  Her,,  1888,  21,  1279).  The  impure  crystalline  substance 
which  was  thus  deposited  was  washed  with  cold  ether  and  recrystal- 
lised  thrice  from  l)oiling  alcohol.  Tt  melted  constantly  at  194 — 195*^. 
The  quantity  was  unfitrttinalely  too  siiiall  for  analysis,  but,  as  the 
proiMtrties  of  the  subHtanco  pointed  to  its  being  2  : 5-diphenyl-l  :  4- 
diuzine,  we  identified  it  by  comparison  with  a  Hpecimen  of  the  latter 
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compound  prepared  by  Staedel  and  Kleinschmidt's  method  just  referred 
to.  Both  preparations  consiste*!  of  yellow,  lustrous  crystals,  which, 
under  the  microscope,  appeared  as  broad,  flat,  pointed  prisms  showing 
straight  extinction,  or  four-sidetl  plates,  frequently  overlapping,  ex- 
tinguishing parallel  to  the  diagonal.  Both  melted  at  194 — 195^  and, 
when  mixed  together,  showed  no  depression  of  melting  point.  Both 
dissolved  in  concentrated  sulphuric  acid  with  a  reddish-yellow  colour, 
and  were  precipitated  on  diluting  the  solution  with  water. 

The  substance  is  therefore  2  :  b-diphenyl-\  :  i-diazine. 

lieductimi   of  the   Compouiul  C„,H,.,UN,,    (m.    p.    196—197°)    ufittt 
Ilydriodic  Acid  :  Faniuition  of  2  :  5-Di/Ji&ni/l-3  :  \-dUtydro-\  :  A-Jiarine^ 
N 
/% 
n        n      Xu  "    ^  • — '^^°  gnuns  of  the  compound  C,rtH,.,ONjj,  20  grams 

NH 

of  hydriodic  acitl  (sp.  gr.  17),  and  0  5  gram  of  i-ed  phosphorus  were 
heated  in  a  sealed  tube  at  200^  for  G  hours.  There  was  great  pressure 
on  opening  the  tube,  which  containe<l  a  brittle  black  masa  The  con- 
tents of  the  tube  were  diluted  with  water,  the  acid  liquid  was  decanted, 
and  the  remaining  black  solitl  was  shaken  with  ether,  in  which  it 
entirely  dissolved.  The  ethereal  solution  was  shaken  with  an  aqueous 
solution  of  sulphur  dioxide,  which  causetl  the  separation  of  a  brown 
oil ;  this  was  run  off ;  it  solidified  on  standing.  The  solid  was 
digested  on  the  water-bath  with  a  solution  of  sodium  carbonate,  antl 
purified  by  crystallisation  from  benzene  with  the  addition  of  light 
petroleum.  It  was  thus  obtained  in  slender,  white  needles  melting  at 
162 — 163"^.  A  further  quantity  of  the  same  compound  was  obtained 
from  the  ethereal  solution. 

Analysis  gave  figures  agreeing  with  the  formula  of  2  :  b-diphenyl- 
3  :  A-dihydro-\  :  -i-diazine  : — 

01 792  gave  0-5349  CO.^  and  0-0985  Hfl.     C  =  81-40  ;  H  =  610. 
0-2569     „     25-6  c.c.  moist  nitrogen  at  13°  and  770  mm.     N  =  11-94. 
C^Hj^Nj  requires  C  =  82  05  ;  H  =  5*98  ;  N  =  1 1  -96  per  cent. 

In  a  previous  reduction  experiment  in  which  the  same  proportions 
were  employed  and  the  tube  was  also  heated  for  6  hours,  but  at  a 
temperature  of  only  150\  there  was  obtained,  along  with  the  fore- 
going product,  a  substance  which  crystallised  from  benzene,  on  addition 
of  light  petroleum,  in  slender,  white  needles  melting  at  182 — 184°. 
It  contained  iodine,  which  was  not  removed  on  adding  aqueous 
sodium  hydroxide  to  an  alcoholic  solution  of  the  substance.  It  was 
not  further  examined. 
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2  : 5-Diphenyl-3  :  4-dihydro-l  :  i-diazine  was  distilled  under  reduced 
pressure  in  the  hope  that  it  might  part  with  hydrogen  and  yield 
2  : 5-diphenyl-l  :  4-diazine  ;  but  only  unchanged  substance  could  be 
isolated  from  the  distillate. 

An  attempt  to  acetylate  it  by  allowing  it  to  stand  at  the  ordinary 
temperature  with  acetic  anhydride  to  which  a  few  drops  of  sulphuric 
acid  had  been  added,  also  led  to  no  result.  The  substance  was  re- 
covered unchanged. 

Attempt  to  reduce  2  :  5-Diphenyl-l  :  i-diazine. — Staedel  and  Klein- 
schmidt  {Ber.,  1878,  11,  1746)  state  that  "tsoindole"  (2  : 5-diphenyl- 
1  :  4-diazine)  can  be  reduced  with  hydriodic  acid  to  a  yellow  basic 
compound  melting  at  125°  which  yields  an  acetyl  derivative  crystal- 
lising in  clear  yellow  needles  melting  at  190°  No  analyses  are  given, 
and,  so  far  as  we  can  discover,  nothing  further  has  ever  been  published 
on  the  subject. 

In  view  of  the  well-known  difficulty  of  reducing  paradiazines,  we 
thought  it  of  interest  to  test  the  correctness  of  the  foregoing  state- 
ments. We  therefore  heated  2  :  5-diphenyl-l  :  4-diazine  (prepared  by 
the  action  of  alcoholic  ammonia  on  w-bromoacetophenone)  with  excess 
of  hydriodic  acid  (sp.  gr.  1*7)  and  red  phosphorus  for  6  hours  at  200°. 
The  tube  contained  a  dark  mass,  from  which  we  succeeded  in  isolating 
a  very  small  quantity  of  a  yellowish-brown,  non-basic  oil,  which  could 
not  be  induced  to  crystallise.  Nearly  the  whole  of  the  diazine  was 
recovered  unchanged. 

Action  of  Acetic  Anhydride  containing  a  Httle  Sulphuric  Acid  on  a 
Mixture  of  Benzaldehyde  and  Mandelonitrile. — In  the  first  experiment 
in  which  the  substance  about  to  be  described  was  obtained,  no  benzal- 
dehyde was  added  to  the  mixture,  a  part  of  the  mandelonitrile 
breaking  up  in  the  process  into  benzaldehyde  and  hydrocyanic 
acid.  By  adding  benzaldehyde  to  start  with,  the  yield  is  greatly 
increased. 

Ten  grams  of  benzaldehyde  and  25  grams  of  mandelonitrile  were 
mixed  and  slowly  added  to  35  c.c.  of  acetic  anhydride  containing 
7  drops  of  concentrated  sulphuric  acid.  On  standing  for  some  time 
the  mixture  deposited  slender  needles,  the  quantity  of  which  gradually 
increased.  At  the  end  of  six  weeks  the  mixture  was  poured  into 
water  and  digested  on  the  water-bath,  first  with  water,  then  with  a 
solution  of  sodium  carbonate,  and  linally  with  a  littlo  alcohol.  The 
white  residue  was  then  recrystallised  from  boiling  glacial  acetic  acid, 
in  wliich  it  is  moderately  soluble.  It  was  thus  obtained  in  slender, 
colourless  noodles,  showing  straight  extinction  and  melting  constantly 
ot  239 — 240'^.     The  substance  has  the  constitution 

C,11,-CH[N  II -CO-C  H  (0-C,H30)-CjH  j]j. 
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0U68  gave  03661  CO^  and  00724  H,0.     C  =  68  01  ;  H  =  5-48. 

0-3102  „  15-8  c.c.  moist  nitrogen  at  15°  and  768  mm.  N»6-03. 
C-Hg^OgNg  requires  C  -  6835  ;  H  =  548  ;  N  =  592  per  cent. 

A  quantity  of  this  substance  was  heated  with  water  in  a  sealed 
tube  .it  180°  for  8  hours.  The  organic  pro«luct8  of  hydrolysis  were 
benzaldehytle,  raanclelic  acid,  and  acetic  acid.  The  benzaldehy«le  was 
identified  by  its  smell,  and  by  converting  it  into  benzalazine 
(m.  p.  93°)  ;  the  mandelic  acid  by  the  mixture  melting-point  test ;  and 
the  acetic  acid  by  the  ethyl  acetate  reaction. 

We  have  to  thank  the  Council  of  the  Royal  Society  for  an  allotment 
from  the  Government  Grant  in  aid  of  the  work  describeil  in  this  and 

the  two  preceding  papers. 

CUKMICAL   DeI'ARTMKNT, 

Univbrsitt  or  Abkrdekn. 


LXX. — Action    of   Hi/drazine   on    Unsaturated 

y-Diketones. 

By  Francis  Robbbt  Japp,  F.R.S.,  and  James  Wood,  M.A.,  B.Sc., 
Carnegie  Scholar  in  the  University  of  Aberdeen. 

C.  Paal  and  Heinrkh  Schulze  (Ber.,  1900,  33.  3796)  have  shown  that 
the  CIS-  and  trans-iorms  of  «-dibenzoylethylene, 

CgHj-CO-CHrCH-cb-CaHj., 
may  be  readily  distinguishetl  fi-om  one  another  by  the  greater  ease 
with     which     the    cj^-form    internets    with     hydrazine    to    form    a 
1  :  2-diazine. 

We  have  employed  this  reaction  to  ascertain  the  configurations  of 
some  analogous  unsaturated  y-diketones  :  a^-dibenzoylstyrene,  dibenz- 
oylstilbene,  and  a-beuzoyl-yS-trimethacetylstyrene.  In  the  case  of  the 
last-mentioned  compound,  only  one  form  is  known  ;  but  the  ease  with 
which  it  forms  a  diazine  shows  that  it  has  the  ci<-configuration.  The 
result  in  the  case  of  dibenzoylstyrene  and  dibenzoylstilbene  has  been 
to  confirm  the  configurations  assigned  to  the  different  modifications 
of    these   compounds  by   Japp  and   Klingemann    (Trans.,    1890,  57, 

667): 

ew-Form.  trans-Form. 

a)8-Dibenzoylstyrene    m.  p.  129°  m.  p.  197— 198°. 

Dibenzoylstilbene         m.  p.  220^  m.  p.  232^ 

The  ciVforms  of  these  compounds  do  not  yield  the  corresponding 
diazines  so  readily  as  cts-s-dibenzoylethylene — doubtless  owing  to  their 
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higher  molecular  weight  and  consequent  greater  inertness  ;  and,  for 
the  same  reason,  their  trans-iorms  do  not  interact  with  hydrazine  at 
all,  whereas  ^raws-dibenzoylethylene  differs  from  the  cts-forni,  as 
already  mentioned,  only  in  the  greater  difficulty  with  which  the 
formation  of  the  diazine  takes  place.  In  the  reactions  which  we 
are  about  to  describe,  a  reducing  action  of  the  hydrazine  sometimes 
accompanies  the  formation  of  the  diazine,  so  that  dibenzoylstyrene 
yields,  at  least  when  the  reaction  is  allowed  to  take  place  in  acetic 
acid  solution,  a  mixture  of  the  diazine  with  a  dihydrodiazine  ;  whilst, 
in  the  cape  of  dibenzoylstilbene,  a  dihydrodiazine  is  the  sole  product. 
a-Benzoyl-)8-trimethacetylstyrene,  however,  yields  a  diazine  only. 

Experimental. 

Preparation  of  Dibenzoylstyrene,     "„     '  „     •  ^  ^  ,-,  . — ihe  cts-torm. 

of  this  compound,  melting  at  129°,  is  readily  obtained  by  the  method 
described  by  Japp  and  Klingemann  (loc.  cit.,  p.  672)  of  warming  a 
mixture  of  benzil  and  acetophenone  with  alcoholic  potassium  hydroxide 
containing  a  little  water.  Johannes  Wislicenus  and  Lehmann 
(Annalen,  1898,  302, 196),  who  had  overlooked  Japp  and  Klingemann's 
work,  recommend  the  use  of  alcoholic  sodium  hydroxide  (without  the 
addition  of  water)  as  a  condensing  agent.  This  is  quite  the  reverse  of 
an  improvement ;  for,  according  to  the  statements  of  these  investigators, 
a  further  condensation  of  the  dibenzoylstyrene  with  acetophenone  to 
dibenzoyldiphenylbutadiene  occurs  under  these  conditions,  and 
from  the  latter  substance  the  dibenzoylstyrene  has  to  be  freed  by 
recry  stal  li  sation . 

We  find  that  isodibenzoylstyrene  (m.  p.  197 — 198°),  the  trans-form — 
which  was  obtained  by  Japp  and  Klingemann  only  in  quantity 
Hufficient  for  analysis,  and  that,  too,  under  conditions  that  couhl  not 
always  be  depended  upon  to  yield  the  compound — is  present  in  small 
but  fairly  constant  amount  in  the  dark-coloured,  aqueous-alcoholic, 
alkaline  filtrate  from  the  cis-dibonzoylstyrene  obtained  in  the  initial 
process  of  condensation.  If  this  filtrate  is  diluted  with  water,  the  tarry 
precipitate  steam-distilled  to  remove  unaltered  acetophenone,  the  non- 
volatile residue  dissolved  in  alcohol,  the  solution  boiled  with  animal 
charcoal,  concentrated,  and  allowed  to  stand,  a  small  quantity  of  trana- 
di  benzoyls  tyro  no  is  dopoHited  in  slender  colourless  needles  (m.  p. 
197 — 198").  The  yield  is,  however,  so  unsatisfactory  that  we  were 
obliged  to  prepare  large  quantities  of  the  c/«-compound  in  order  to 
obtain  about  2  grams  of  its  ^ra/fjf-iHomorido. 

Action  of  Hydrazine  on  DibenzoyUtyrenn. — Dibenzoylstyrene  (m.  p. 
129")  was  niixeil  with  1  mol.  proportion  of  a  SO  per  cent,  solution  of 


CC.H, 
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hydrazine  hydrate  and  heated  in  glacial  acetic  acid  solution  in  an 
open  flask  on  the  water-bath  for  15  minutes. 

The  experiment  was  repeated,  using  2  mol.  pro{>ortions  of  hydrazine 
hydrate. 

In  both  cases  the  product,  precipitated  by  water  and  crystallised 
either  from  alcohol  or  from  benzene,  consisted  of  a  mixture  of  flat 
prisms  or  plates,  which  formed  the  chief  product,  with  a  small  quantity 
of  slender  needles,  the  larger  proportion  of  hydrazine  hydrate  giving 
a  slightly  improved  yield  of  the  latter  compound.  The  two  substances 
were  separated  by  levigation  with  the  mother  liquor,  the  lighter  needles 
being  readily  floated  ott*. 

The  flat  prisms  or  plates  were  purified  by  recrystallisation  from  benzene 
or  alcohol.  From  the  former  solvent  the  substance  was  deposited  in 
tables,  from  the  latter  in  scales,  melting  at  170°.  It  was  identical 
with  Alexander  Smith's  3:4:  ^-trip/ieui/l-l  :  2-diazine, 

N 
^\ 

\/ 

c 

(m.  p.  171°,  Smith),  obtained  by  the  oxidation  of  3  : 4  :  6-triphenyl- 
1  :  2-dihydro-l  :  2-diaziue  {AniMleu,  1896,  280,  319),  a.s  we  found  by 
comparing  our  sj>ecimeu  with  one  prepared  by  Smith's  method. 

U  3427  gave  288  c.c.  moist  nitrogen  at  10°  and  759  mm.     N-900. 
CgoHjgNj  requires  N  =  9'09  jier  cent. 

The  needles  were  purified  by  recrystallisation,  first  from  boiling 
alcohol  and  afterwards  from  glacial  acetic  acid.  They  were  redeposited 
in  slender,  colourless  needles,  with  a  satiny  lustre  and  melting  at 
181*5 — 1825'^,  with  decomposition,  when  rapidly  heated.  The  crystals 
turned  yellow  on  exposure  to  light. 

01609  gave  0-5017  CO.^  and  00894  ll.fi.     C  =  85  03  ;  H  =  617. 
0-1 903     „     14-50  c.c.  moist  nitrogen  at  13°  and  758  mm.    N  =  8-98. 
C22H18N2  requires  0  =  8516  ;  H  =  5-81 ;  N  =  903  per  cent. 

This  is  the  formula  of  a  3:4:  ^-triphenyldihydro-X  :  2-diazine.  The 
position  of  tlie  two  additive  hydrogen  atoms  remains  for  the  present 
undetermined.  The  substance  is  not  identical  with  Alexander 
Smith's  3:4:6-triphenyl-l  :2-dihydro-l  :2-diazine  (m.  p.  186—188°, 
when  quickly  heated)  [AunaUn,  1896,  289,  316),  obtained  by  the 
interaction  of  desylacetophenone  with  hydrazine,  a  specimen  of  which 
we  prepared  for  compaiisou.     Smith's  compound  is  of  a  bright  yellow 
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colour,  and  was  oxidised  to  3  :  4  :  6-triphenyl-l  :  2-diazine  in  an  attempt 
which  we  made  to  acetylate  it  by  means  of  acetic  anhydride  containing 
a  little  concentrated  sulphuric  acid  ;  in  fact  Smith  had  already  oxidised 
it  to  this  compound  by  treatment  with  chromium  trioxide.  Our 
isomeride,  on  the  other  hand,  is  colourless ;  an  attempt  to  acetylate  it 
yielded  only  a  resinous  mass  ;  and  we  were  quite  unable  to  obtain  the 
diazine  from  it  by  oxidation. 

"We  afterwards  found  that  by  warming  dibenzoylstyrene  (m.  p.  129°) 
with  an  excess  of  hydrazine  in  alcoholic  (instead  of  acetic  acid) 
solution  on  the  water-bath  for  15  minutes,  an  excellent  yield  of 
3:4:  6-triphenyl-l  :  2-diazine,  without  any  admixture  of  the  dihydro- 
compound,  was  obtained. 

We  also  found  that  none  of  the  dihydro-co  mpound  is  formed  when 
the  diazine  is  boiled  with  hydrazine  hydrate  in  acetic  acid  solution. 
In  fact  sodium  in  boiling  alcohol  has  no  action  on  the  diazine.  The 
reduction  by  hydrazine,  to  which  the  formation  of  the  dihydro-com- 
pound  is  due,  must,  therefore, '  precede  the  condensation  in  which  the 
diazine  is  formed. 

The  experiment  was  tried  whether  t'sodibenzoylstyrene  (m.  p. 
197 — 198°)  would  interact  with  hydrazine.  After  boiling  the  mixture 
in  alcoholic  solution  for  6  hours,  the  wo-compound  was  recovered 
unchanged,     tso Dibenzoylstyrene  is  therefore  the  traits-modi&csition. 

Actton    oj    Hydrazine   on    DibenzoylsHlbene,      "„    ^^r^  Kr\  n  -u-  • — 

Dibenzoylstilbene  (m.  p.  220°),  regarded  by  Japp  and  Klingemann 
(Joe.  cit.)  as  the  ci«-form,  was  obtained  by  Zinin  by  the  oxidation  of 
tetraphenylfurfuran  ("  lepiden  ")  with  nitric  acid,  and  was  termed  by 
liim  "acicular  oxylepideu."  By  heating  it  with  alcoholic  potassium 
hydroxide  he  converted  it  into  the  isomeric  "  octahedral  oxylepiden  " 
(m.  p.  232°),  which  Japp  and  Klingemann  formulate  as  ir«vts-di- 
benzoylstilbene.  That  both  these  compounds  ai-e  dibenzoylstilbenes  is 
proved  by  the  fact  that,  on  reduction,  they  both  yield  tetraphenyl- 
furfuran. The  dibenzoylstilbenes  used  in  the  following  experiments 
were  prepared  by  Zinin's  methods  (Beilstein's  Handbuch,  3rd  ed.,  3, 
311  and  312). 

Throe  grams  of  dibenzoylstilbene  (m.  p.  220*^)  and  12  grams  of  a 
50  per  cent,  holution  of  hydrazine  hydrate  were  dissolved  in  absolute 
alcohol  and  boiled  for  1^  hours.  On  cooling,  the  solution  deposited 
yellow  needles  which,  by  repeated  recrystalli.sation  from  boiling 
alcohol,  were  obtained  with  the  constant  molting  point  of  207 — 208°. 
The  yellow  colour  was  not  removed  by  boiling  the  solution  with  animal 
charcoal.  'I'ho  com{>ound  isdiflicnlt  to  burn  and  the  figures  for  carbon 
arc  Humowluil  low. 
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01 752  gave  05544  CO,  aud  00934  H,0.     0  =  8630  ;  H  =  5  94. 
0  1774     „     0-5594  CO2    „    00942  H^O.     C  =  85-99 ;  H  =  5-90. 
0-1763     „     0-5570  CO.,    „    00934  H^O.     C  =  86-16 ;  H  =5-89. 
0  1722     „     10-65  c.c.  moi.st  nitrogen  at  IP  and  757  mm.     N  =  7-34. 
CgjjHjjNj  requires  C  =  8705  ;  H  =  5  70 ;  N  =  725  per  cent. 

This  is  the  formula  of  a  tetrapheuyldihydrodiazine.  The  formula 
of  a  tetraphenyldiazine,  C^gH^^Nj,  on  the  other  hand,  would  retjuire 
C  ^  87-50  ;  H  =  5-21 ;  N  =  7  29  per  cent.,  and  for  this  the  value  found  for 
hydrogen  is  much  too  high.  A  portion  of  the  hydrazine  has  therefore 
exercised  a  reducing  action  as  in  the  case  already  described. 
The  comjK)und  is  a  3  :  4  : 5  :  ^  tetraphenyldUiydro-l  :  2-diaziiUf 

N 
^\ 

.X  Hj '• 

\/ 

c 

in  which  the  position  of  the  two  additive  hydrogen  atoms  has  not  yet 
been  determined. 

Dibenzoylstilbene  (m.  p.  232°) — "  octahedral  oxylepiden  " — was 
then  boiled  with  excess  of  hydrazine  hydrate  in  alcoholic  solution  for  9 
hours,  renewing  the  hydrazine  hydrate.  On  allowing  the  solution  to 
cool,  practically  the  whole  of  the  dibenzoylstilbene  (m.  p.  232°) 
crystallised  out  unchanged.     No  new  pnxluct  could  be  detecteil. 

The  dibenzoylstilbene  melting  at  220°  is  therefore  the  c/«-form ; 
that  melting  at  232""  the  <raJW-form. 

Action  of  Uydrazine  on  a- Benzoyl- fi-triinetJuicttt/latyrene, 
C,H,C=CH 


I        T 


C,H^-CO  CO-C(CH3)3 
(m.  p.  115°). — a-Benzoyl-)8-trimethacetyl8t^Tene  was  obtained  by  Japp 
aud  Maitland  (Trans.,  1904,  85,  1496)  by  the  condensation  of  benzil 
with    methyl    tert.-h\ity\    ketone   under   the   influence    of    alcoholic 
potassium  hydroxide. 

A  mixture  of  benzoyltriuiethacetylstyrene  with  an  excess  of 
hydrazine  hydrate  was  dissolved  in  alcohol  and  boiled  for  15  minutes. 
On  cooling,  the  solution  depositeil  wedge-shaped  crystals,  which,  after 
recrystallisation  from  alcohol,  melted  constantly  at  185 — 186  .  The 
yield  was  good. 

0-1738  gave  05288  CO^  and  01004  H.O.     C  =  82-98;  H  =  6-99. 
01554     „     12-97  c.c.  moist  nitrogen  at  11°  and  731  mm.  N  =  9-57. 
CoyH^oN,  requires  C  =  83  33  ;  H  -  695  ;  N  =  972  per  cent. 
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The  compound  is  3  :  i-dipheui/l-G-tert.-butyl-l  :  2-diazine, 

N 

^\ 
(CH3)3C.C      N 

HC      C-CgH,- 

%/ 
C 

Neither  in  the  foregoing  experiment,  nor  in  one  in  which  boiling 
acetic  acid  was  used  as  a  solvent  for  the  interacting  substances,  could 
any  trace  of  the  corresponding  dihydrodiazine  be  detected.  The  experi- 
ment in  which  acetic  acid  was  employed  yielded  a  very  resinous 
product. 

The  a-benzoyl-^-trimethacetylstyrene  melting  at  115°  is  the  only 
known  form  of  this  substance  ;  but,  as  already  mentioned,  the  ease 
with  which  it  interacts  with  hydrazine  to  form  a  diazine  leads  us  to 
assign  to  it  the  cis-configuration. 

Chemical  Depaktment, 

Univeksity  of  Abeudeen. 


LXXI. — Condensations  of  Phenanthraquinone  ivith 
Ketonic  Compounds. 

By   Fkancis   Robert   Japp,  F.R.S.,   and  James  Wood,  M.A,,  B.Sc., 
Carnegie  Scholar  in  the  University  of  Aberdeen. 

Very  few  condensations  of  phenanthraquinone  with  ketonic  compounds 
have  hitherto  been  studied,  and  in  these  only  alkaline  condensing 
agents  have  been  employed  ;  but  in  many  cases  such  agents  give  no 
result. 

"We  find,  however,  that  acetic  anhydride  containing  a  little  concen- 
trated sulphuric  acid  frequently  brings  about  the  desired  condensation. 
The  reaction  is  occasionally  complicated  by  the  fact  that  in  some  cases 
the  condensation  product  interacts  further  with  the  acetic  anhydride. 

.  ,      ,     ^    ^  c,.n,-c— C-0-C.,HaO 

Z-Acetoxy-2-p1ienyl-\  :  b-diphenylenefur/uran,       i '       [\     U  „     " 

O 
(m.  p.  232°). — Twenty    grams  of  finely- powdered  phenanthraquinone 
(free  from  anthraquinono*),  14  grams  of  acotophenone,  l.'JO  c.c.  of 

•  Till-  iilieiittiitlirnriuiiioiic  iiwd  for  tlicHo  reticlioiiH  imwt  bo  inuificd  by  means  of 
the  hyflrogfii  Muliiun  Mul|iliitf  (.'oiiilH)Uud,  oii  sonic  of  the  productH  luo  alniost  iiii- 
|K>M>iblo  Uf  Mi«iaUi  ft-oiu  the  anthruquiiiouo  whiuh  will  otherwise  containiiiatc  tliuiii. 
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acetic  anhydride,  and  50  dropb  of  concentrated  sulphuric  acid,  were 
introduced  into  a  flask  fitted  with  a  short  open  tube,  and  the  flask 
was  immersed  in  water  kept  at  a  temperature  of  40 — 50^,  whilst  the 
mixture  was  shaken  from  time  to  time.  In  the  course  of  30 — 40  hours 
the  wliole  of  the  phenanthraquinone  had  disappeared,  and  the  liquid 
was  filled  with  long,  slender,  almost  colourless  needles  ;  these  were 
separated  by  filtration  and  purified  by  recrystallisation  from  boiling 
benzene,  decolorising  with  animal  cliarcoal  if  necessary.  The  substance 
was  thus  obtained  in  slender  needles,  melting  at  232''.  The  yield  was 
20  grams. 

0-1386  gave  0-4139  COo  and  00576  H^O.     C- 81-44;  H  =  4-62. 

01757     „     0-5246COi    „    0  0744  H^O.     C-81-43 ;  H  =  4-71. 

Co  JlnjOa  requires  C  =  81  82  ;  H  =  4-65  per  cent. 

The  formation  of  this  compound  may  be  explained  on  the  assump- 
tion that  the  unknown  phenanthroxyleneacetophenone, 

^,H,co  co-c.h; 

is  first  formed ;  this  compound  then  unites  witli  at-etie  acid,  and  the 
additive  compound  parts  with  water  : 

C,H,0,         aH^-CH-CH-O-CgHjO 


I 


LH^-CpCH  C,H,0,         C,H^-CH-CH-0-C 


-H,0 


C^H.-C— C-0-C.,H,0 
CgH/C    C'C^H, 


o 


The  compound  would  thus  be  3-acetoxt/-2-phenyl-i  :  5-dipheni/lene- 

furfv/ran,    and   the  ti-ansformation  of  the  hypothetical  intermediate 

product,  phenanthroxyleneacetophenone,  is  strictly  analogous  to  that 

,  .  ,  C,.H.*C — CH.  ... 

which  dibenzoylstyrene,  ^  Vr   nrk  K-\  n  xr  »  "^dergoes  when  it  is  con- 


verted, by  the  action  of  acetic  anhydride  containing  a  little  sulphuric 

.,     .         o  «    .    r     .  ,        „    r  C.H.-C— C-0-C.,H,0 

acid,    into    3-acetoxy-2  :  4  ;  5-triphenylfurfuran,      "„    U     M  /-,  xr 

\/ 
O 

(J.  Thiele,  Ber.,  1898,  31,  1248). 

Ethyl    Dipttenylenedihenzoylmuconate     {Ethyl    fiy-diphenylene-afhdi- 

benzoylbutad^ene.aB.d^carboxylate),       6^^h1.C:C(CO.cIh,).Co'-C^H;- 
Ten  grams  of  finely  powdered  phenanthraquinone,  12  grams  of  ethyl 
benzoylacetate,  and  40  c.c.  of  acetic  anhydride  containing  16  drops  of 
VOL.   LXXXVII.  3   C 
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concentrated  sulphuric  acid  were  employed  in  this  experiment,  which 
was  conducted  like  that  already  described.  After  heating  continu- 
ously at  40 — 50°  for  nearly  100  hours,  the  whole  of  the  phenanthra- 
quinone  had  disappeared.  The  mixture  was  allowed  to  cool ;  the' 
crystalline  product  was  separated  by  filtration,  washed  with  a  little 
cold  glacial  acetic  acid,  and  recrystallised  from  boiling  benzene,  in 
which  it  is  fairly  soluble.  It  was  thus  obtained  in  clear,  rectangular 
plates  with  bevelled  edges  (yield  :  10  grams).  It  softens  and  almost 
melts  between  170°  and  174°,  but  immediately  resolidifies,  finally 
melting  sharply  at  223°.  This  latter  melting  point,  however,  is  that 
of  an  isomeride  into  which  the  original  condensation  compound  is 
transformed  by  heating  {vide  infra). 

0-1912  gave  0-5433  CO2  and  00883  B.p.     0  =  77*49  ;  H  =  513. 
0-1705     „     0-4838  CO2    „    0-0784  Hp.     0  =  7739 ;  H  =  511. 
01832     „     0-5200  OO2    „    00846  H^O.     0  =  77-39 ;  H  =  513. 
Cg^HggO^  requires  0  =  77-70  ;  H  =  5-04  per  cent. 

The  compound,  which  is  ethyl  diplienylenedihenzoylmuconate  {vide 
supra),  is  formed  from  phenanthraquinone  and  ethyl  benzoylacetate 
according  to  the  equation  : 

6Ih^'cO   +  SO^H.-CO-OH^-CO^-C^H,  = 

V«^4-c:c(oo-c,H,)-oo2-C2H, 
6,H,-c:c(oo-o,H,)-co2-C2H,  ■"       2  » 

the  acetic  anhydride  in  this  case  furnishing  no  part  of  the  resultant 
molecule. 

Attempts  to  hydrolyse  this  ester  with  alcoholic  sodium  hydroxide 
yielded  no  definite  product.  No  acid  could  be  obtained  from  the 
alkaline  solution. 

homeride  (m.  p.  223-5°)  of  Ethyl  Diphenylenedibenzoylmuconate. — 
Five  grams  of  ethyl  diphenylenedibenzoylmuconate  were  heated  in  a 
test-tube  by  means  of  a  glycerol  bath  until  the  substance,  after  soften- 
ing and  resolidifying  between  170°  and  174°,  as  above  described,  fin.illy 
melted  at  223".  No  gas  was  given  off  during  the  process,  and  the  tube 
with  the  product  was  found  to  weigh  practically  the  same  as  before. 
The  jiroduct  was  recrystallised  from  boiling  glacial  acetic  acid,  from 
which  it  was  deposited  in  short  yellowish  needles,  melting  constantly 
at  223-5".     The  yield  is  quantitative. 

0-1635  gave  0-4646  CO,  and  00756  H,0.     C  =  7749  j  H  =  514. 
CgjHjgOfl  requires  C  -  77-70  ;  H  -  504  per  cent. 

The  compound  in  theroforo  isomeric  with  ethyl  diphenylenodibenzoyl- 
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muconate.  Provisionally  it  may  be  named  etliyl  isodiphenylmedi- 
benzoylmuconate. 

Hydrolysed  with  alcoholic  sodium  hydroxidd  it  yields  an  acid, 
which,  however,  has  not  yet  been  obtained  in  quantity  sufficient  for 
examination.  , 

The  fact  that  ethyl  diphenylenedibenzoylmuconate,  unlike  its  iso- 
meride,  does  not  yield  an  acid  under  the  foregoing  conditions,  points 
to  a  difference  in  constitution  between  the  two  compounds  more  funda- 
mental than  that  of  mere  cis  and  trans  isomerism — the  explanation 
which  would  perhaps  first  suggest  itself.  Possibly  the  isomeriiiation 
under  the  influence  of  heat  occurs  according  to  the  scheme : 

C,H,-C:C(CO-C,H,)'CO,-C,H,  (j:,H,.C-C(C0-C,H,)-C0,-C,H5 

c,H,.6:c(oo-c,H,)-co,-C3H,    ^    c,h,-c-(!:(co-c,Hj)-co,-c,h; 

in  which  case  ethyl  diphenylenediben3U)ylmuconat6  would  have  some- 
what the  same  relation  to  ethyl  <«odiphenylenedibenzoylmuconate  tlutt 
cinnamic  acid  has  to  ^-truxillic  acid,  except  that  in  the  present  case 
the  polymerisation  is  intramolecular,  not  intermolecular. 

We  have  also  obtained  condensation  products  of  phenanthraquinone 
with  ethyl  acetoacetate  and  with  ethyl  malonate.  We  wish  to  reserve 
the  study  of  the  various  condensations  of  this  class. 

We  have  to  thank  the  Council  of  the  Royal  Society  for  an  allotment 
from  the  Government  Grant  in  aid  of  the  work  described  in  this  and 
the  preceding  paper. 

Chemical  Dhpartmknt, 

University  of  Abekdeen. 


LXXII. — Cyanoniaclurin. 

By  Arthur  Georgk  Perkin,  F.R.S. 

Some  years  ago  (Trans.,  1895,  67,  939)  it  was  shown  that  the  Indian 
dyestuff  Jackwood  {Artocarpus  integrifolia)  contains,  in  addition  to 
morin,  a  new  substance,  to  which  the  name  cyanomaclurin  was  assigned. 
This  compound  crystallised  in  colourless  prisms,  gave  numbers  in 
fair  agreement  with  the  formula  CjjHj.^O^  or  C^gH^gO^,  and  possessed  the 
characteristic  property  that  its  alkaline  solution  on  warming  developed 
a  deep  indigo-blue  coloration.  A  disazobenzene  derivative  was  prepared, 
but  other  crystalline  derivatives  could  not  at  the  time  be  produced 
according  to  the  ordinary  methods.      Owing  to  a  lack  of   the  raw 

3  c  2 


716  PERKIN:   CYANOMACLURIN. 

material  it  was  not  possible  to  make  a  more  complete  examination  of 
this  compound,  but  it  was  then  noticed  that  in  certain  important 
respects  its  properties  were  similar  to  those  of  catechin,  the  colourless 
crystalline  constituent  of  gambier  catechu.  During  a  recent  in- 
vestigation of  the  latter  compound  (Trans.,  1902,  81,  1160)  this 
resemblance  again  came  to  mind,  and  strikingly  so,  because  the 
molecular  weight  of  catechin  was  then  found  to  be  represented  as 
CigHj^Og  and  not  Cgi-HjoOg,  as  was  proposed  by  earlier  workers.  Again, 
the  analytical  results  given  by  these  substances  were  nearly  identical. 
It  therefore  appeared  possible  that  cyanomaclurin  and  the  catechins 
were  not  only  isomeric  but  members  of  the  same  group,  and  the 
present  work  was  undertaken  with  the  hope  of  elucidating  this  point. 
The  isolation  of  cyanomaclurin  from  the  wood  is  extremely  tedious  and 
the  yield  of  pure  substance  is  small,  so  that  for  the  purpose  of  this 
investigation  about  150  lbs.  of  the  raw  material  have  been  found 
necessary.  Through  the  kindness  of  Messrs.  Wood  and  Bedford,  of 
Leeds,  this  amount  was  readily  procured. 


Experimental. 

The  cyanomaclurin  was  prepared  by  the  method  previously  employed 
but  the  details  of  purification  were  somewhat  different.  The  crude 
product  obtained  by  the  evaporation  of  the  ethyl  acetate  extract  was 
freed  as  thoroughly  as  possible  from  adhering  viscous  matter,  ground  up 
with  a  trace  of  acetate,  collected  and  dried.  The  finely-ground  sub- 
stance, in  quantities  of  about  15  grams,  was  stirred  into  50c.c.  of  warm 
water,  collected  at  the  pump,  and  treated  in  a  similar  manner  until  the 
filtrate  was  almost  colourless.  There  were  thus  obtained  6 "25  grams  of 
a  nearly  colourless,  crystalline  powder,  which,  although  not  quite  pure, 
could  be  employed  for  most  purposes.  In  special  cases,  the  substance 
was  crystallised  from  water,  an  extremely  tedious  method,  for  crystals 
do  not  usually  separate  until  the  solution  has  stood  for  several  days, 
and  even  then  the  separation  is  very  slow  and  the  yield  extremely 
poor  ;  again,  crystallisation  from  ethyl  acetate  was  sometimes  employed. 
On  concentrating  the  aqueous  mother  liquors,  a  second  deposit  does  not 
Beparato,  ))Ut  the  dissolved  substance  may  bo  recovered  by  saturating 
the  solution  with  salt  and  agitation  with  ethyl  acetate.  Pure  cyano- 
maclurin dried  at  the  ordinary  temperatui*e  is  anhydrous,  and  does  not 
suffer  loss  even  at  1G0°.  It  does  not  appear  to  possess  a  definite 
melting  point,  but  on  heating  to  a  high  tenq>erature  slowly 
decomposes;  thus  at  2U0°  it  became  extremely  dark,  but  had  not 
fused. 

As  ifl  well  known,  solutions  of  catechin  from  gambier  catechu  and 
acacatoi-hin  from  acacia  catechu  give  with  pine  wood  and  hydrochloric 
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acid  the  phloroglucinol  reaction,  and  it  was  now  found  that  cyano* 
maclurin  behaved  in  an  identical  manner.  This  was  interesting,  for 
although,  as  previously  pointed  out,  maclurin,  phloretin,  and  hesperitin 
(loc.  cit.)  give  an  analogous  coloration,  the  reaction  with  the  catechins 
and  cyanomaclurin  is  much  more  rapid,  in  fact,  as  much  so  as  with 
phloroglucinol  itself. 

Fusion  with  Alkali. — As  cyanomaclurin  was  not  previously  suspected 
to  contain  a  phloroglucinol  nucleus,  this  decomposition  was  again 
studied.  The  substance  was  heated  with  caustic  potash  and  a  little 
water  to  200 — 220°  for  half  an  hour,  the  melt  dissolved  in  water  and 
neutralised  with  acid.  Ether  extracted  from  this  solution  a  crystalline 
substance  which  was  dissolved  in  water  and  the  liquid  saturated  with 
sodium  hydrogen  carbonate.  Ether  now  removed  from  the  mixture  a 
product  which,  after  washing  with  hot  benzene  and  crystallisation  from 
water,  formed  colourless  needles,  which  melted  at  210^  and  had  all  the 
properties  of  phloroglucinol. 

Found  C  =  5705;  H  =  4-77.     C^H^03  requires  C  =  57-14;  H  =  4-76 

per  cent. 

The  sodium  hydrogen  carbonate  solution  was  neutralised  with  acid, 
and  from  this  ether  now  extracted  a  colourless  acid  which  was  purified 
by  crystallisation  from  water. 

Found  C  =  54-24;  H  =  4-ll.  C^H^O^  requires  C-54-54;  H  =  3-89 
per  cent. 

It  formed  colourless  needles  melting  at  206°,  and  was  found  to  con- 
sist of  ^-resorcylic  acid.  In  the  previous  communication,  it  was 
suggested  that  this  acid  was  a  methylresorcylic  acid  (cresorcylic  acid) 
and  indeed  these  two  substances  are  very  similar  in  general  properties, 
but  as  analysis  now  shows  this  cannot  be  the  case. 

The  benzene  extracts  obtained  during  the  purification  of  the  phloro- 
glucinol were  evaporated  to  a  small  bulk,  and  on  standing  deposited 
crystals.  These  melted  at  104°  and  consisted  of  resorcinol,  derived  no 
doubt  from  the  action  of  the  alkali  on  the  /^-resorcylic  acid. 

An  interesting  resemblance  is  therefore  to  be  observed  between  morin 
and  cyanomaclurin,  which  exist  side  by  side  in  this  dye-wood,  for  on 
hydrolysis  both  yield  phloroglucinol  and  ^-resorcylic  acid.  Curiously 
enough,  it  has  been  previously  pointed  out  that  the  constituents  of 
gambler  and  acacia  catechus  possess  a  similar  relationship,  in  that 
quercetin,  catechin,  and  acacatechin  on  fusion  with  alkali  give  in  each 
case  phloroglucinol,  and  protocatechuic  acid. 

Disazohenzene  cyanomaclurin,  previously  described,  was  again 
prepared  and  re-examined.  Five  grams  of  cyanomaclurin  yielded  8*5 
grams,  or  170  per  cent,  of  this  compound,  and  this  result  is  comparable 
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with  that  of  gambier  catechin,  which  in  like  manner  gave  170  per  cent, 
of  disazobenzene  catechin. 


■29  per  cent. 
24  per  cent. 


VI   uisazoueuzBue  uatecuiu. 

Found  C  =  64-94 ;  H  =  4-36  ;  N  =  1 1  -48  per  cent. 
Ci5H,o06(C^H5N2)2  requires  C  =  65-32  ;  H  =  4-03  ;  N  =  1 1  •! 
CisHiaOelCfiHgNJ^  requires  C  =  65-06;  H  =  4-41;  N=ll-: 

In  the  earlier  communication,  the  percentages  0  =  6511,  H  =  4-46, 
N  =  10-92  were  obtained. 

This  substance  is  therefore  very  similar  in  composition  to  the 
corresponding  catechin  compounds,  and  these  it  closely  resembles  in 
general  properties,  with  the  exception  that  it  is  somewhat  more 
soluble  in  hot  alcohol.  In  the  crude  condition,  it  readily  dissolves 
in  this  solvent,  but  on  heating  the  liquid  crystallisation  soon  commences, 
and  these  crystals  now  require  a  considerable  quantity  of  alcohol  for 
re-solution.  "When  heated,  disazobenzene  cyanomaclurin  sinters  at 
about  225°,  and  melts  at  245 — 247°  with  decomposition. 

The  acetyl  derivative  is  readily  prepared  by  boiling  with  acetic 
anhydride  for  three  hours.  On  diluting  the  hot  solution  cautiously 
with  alcohol,  crystals  separated  which  were  collected,  redigested  for  a 
short  time  with  acetic  anhydride,  and  finally  crystallised  from  benzene 
with  the  aid  of  animal  charcoal. 

Found  0  =  63-61;  H  =  4-46;  N  =  943,  949. 
Ci5H70fi(OgH5N2)2(C2H30)3    requires   0  =  6366;    H  =  4-18;    N  =  9-00 

per  cent. 
Oi5H9Oe(0eH5N2)2(02H3O)3   requires    0  =  63-46;    H  =  4-48;   N  =  8-97 

per  cent. 

This  compound,  probably  a  triacetyl  derivative,  forms  orange-red 
needles  melting  at  209 — 210°,  and  resembles  in  general  properties  the 
corresponding  acetyl  disazobenzene  catechins. 

Acetylcyanomaclurin  could  not  be  prepared  in  the  crystalline  condi- 
tion by  the  ordinary  methods,  but  the  pyridine  process  eventually  gave 
a  better  result.  Two  grams  of  cyanomaclurin  were  dissolved  in  30 
grams  of  pyridine,  the  solution  placed  in  a  freezing  mixture,  and  85 
grams  of  acetyl  chloride  added  drop  by  drop,  well  shaking  after  each 
addition.  After  standing  for  ton  minutes,  the  product  was  poured  on 
to  ice,  the  colourless  precipitate  was  collected  and  drained  on  tile,  and 
then  dissolved  in  a  mixture  of  hot  acetone  and  alcohol,  from  which,  on 
cooling,  a  viscous  mass  separated.  Other  preparations  behaved  similarly, 
but  eventually  one  of  these,  on  standing  for  several  weeks,  became 
crystallino,  and  by  the  aid  of  these  crystals  other  products  were  readily 
obtained  in  the  same  condition.  J3y  roi)oato(l  crystallisation  from  a 
mixture  of  acetone  and  alcohol,  employing  animal  charcoal,  it  formed 
oolourlosn  noedlou  melting  at  136 — 1S8°. 
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Found  C  =  59-91  ;  H  =  4-74. 

Ci5HyO^(C2H30)5  requires  C  =  6000  ;  H-4-80  per  cent. 
C^,ll,0,{CMp),        „       C  =  60-24  ;  H  =  441 

A  molecular  weight  determination  by  the  cryoscopic  method  guve  the 
following  result : 

0-5138  in  13-71  naphthalene  gave  At  =  0  515.     M.  W.  =  509. 
C25H2P11  requires  M.  W.  «  498. 

Benzoylcyanomaclurin  was  prepare<l  by  the  pyridine  method  and  is 
crystallised  more  readily  than  the  acetyl  derivative.  For  this  pur(>o«ie, 
1  gram  of  cyanomaclurin,  15  grams  of  pyridine,  and  11  5  grams  of 
benzoyl  chloride  were  employed,  and  after  twelve  hours  the  pi-oduct  was 
poured  into  water  and  the  viscous  re^idue  dissolved  in  its  own  bulk  of 
alcohol.  Crystals  gradually  separated  which  were  recrystallised  twice 
from  a  mixture  of  acetone  and  alcohol. 

Found  C- 7401;  H  =  4-ll. 

Ci5H-Oo(C\Hj,0)5  requires  C - 7425 ;  H - 396  per  cent. 
C,5H*Oe(C,H50)5        ..      C-7407;  H-4-19 

It  crystallised  in  colourless  prisms,  melting  at  171 — 173°;  it  was 
sparingly  soluble  in  cold  alcohol,  and  very  similar  in  appearance  to 
pentabenzoylacacatechin  {loc.  cit).  Molecular  weight  determinations 
gave  the  following  results  : 

0-509   in  13-47  naphthalene  gave  A<  =  0-3 15.     M.  W.  =  839. 
0-5396  in  13-51  naphthalene      „     Af  =  0-345.     M.  W.  =  811. 
^^soHsjOii  requires  M.  W.  =  808. 

These  results  therefore  indicate  that  cyanomaclurin  has  the  formula 
CjjHj^Og  or  CijHijOj,  and  the  former  appeared  most  likely  owing  to 
the  resemblance  of  its  genei'al  properties  with  those  of  the  catechins. 
Analyses  of  specimens  purified  by  distinct  methods  gave  i>ercentages 
of  hydrogen  which,  however,  taken  as  a  whole,  are  in  better  agreement 
with  CjjHjjOg,  and  this  must  without  doubt  represent  the  true  formula 
for  this  substance. 

FoundC  =  62-46,  6265,  62-28,  62-32,62-13;  H  =  4-25,  4  35,3-96, 
4-36,  4-15. 

Ci5Hi.,0^  requires  C  =  6250  ;   H  =  4*16  per  cent. 
C,5Hi;0,         „       C  =  62-07;  H  =  4-82 

Numei-ous  attempts  to  prepare  a  crystalline  methyl  ether  of  cyano- 
maclurin were  unsuccessful,  either  with  methyl  iodide  or  methyl 
sulphate.  The  product  thus  obtained  consisted  of  a  colourless,  viscous 
mass,  and  this  on  acetylation  by  the  pyridine  method  did  not  yield  a 
well-defined  substance.  It  was,  however,  very  interesting  to  observe  that 
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if  this  methylated  cyanomaclurin  was  dissolved  in  acetic  acid  and  the 
solution  treated  with  a  few  drops  of  nitric  acid  a  bluish-green  liquid  was 
formed  which  rapidly  assumed  a  pure  blue  tint.  This  reaction  is 
identical  with  that  given  under  similar  conditions  by  the  catechin 
tetramethyl  ethers  (Trans.,  1905,  87,  400). 

It  was  previously  pointed  out  that  when  an  aqueous  solution  of  cyano- 
maclurin is  treated  with  mineral  acids  reddish-brown,  amorphous  sub- 
stances are  formed,  which  vary  in  solubility  according  to  the  duration 
of  the  action  and  resemble  the  so-called  catechin  anhydrides  described 
by  Etti  (Annalen,  1887,  186,  327)  and  Kraut  and  Delden  (Annalen, 
1877,  186,  332).  It  was  also  suggested  that  the  alteration  of  the 
freshly  cut  wood  from  a  yellow  to  a  mahogany  tint  on  long  keeping 
was  the  result  of  the  production  of  one  or  other  of  these  substances. 
The  most  definite  of  these  reddish-brown  substances  is  the  final  com- 
pound thus  obtained,  and  this  was  examined  because  it  was  unlikely 
to  be  a  mixture  and  could  be  compared  with  the  corresponding 
anhydrides  of  catechin  and  acacatechin. 

One  gram  of  cyanomaclurin  dissolved  in  100  c.c.  of  acetic  acid  was 
treated  with  10  c.c.  of  hydrochloric  acid  and  the  solution  digested  at 
the  boiling  heat.  The  deep  brown  liquid  rapidly  deposited  an 
amorphous  precipitate,  and  this  was  collected  hot,  washed  several  times 
with  acetic  acid,  and  finally  with  alcohol.     The  yield  was  079  gram. 

Found  at  160°:  C  =  63-11,  63-48,  63-53;  H  =  3-75,  3-94,  3-99 
per  cent. 

The  pi'oduct  consisted  of  a  reddish-brown  powdei',  insoluble 
in  alkaline  solutions  and  apparently  in  all  solvents.  Prepared  as 
above,  it  obstinately  retains  alcohol  or  water  even  at  100°,  and  is  only 
obtained  in  the  anhydrous  condition  by  prolonged  heating  at  160°. 
It  is  also  readily  produced  if  the  hydrochloric  acid  is  replaced  by  a 
small  quantity  of  sulphuric  acid.  The  molecular  weight  of  this 
Bubstance  is  most  probably  extremely  high,  and  no  attempt  has  been 
made  to  deduce  a  formula  from  the  above  percentages ;  it  is,  how. 
ever,  interesting  to  note  that  these  figures  are  practically  identical  with 
those  given  by  the  corre.spondiug  derivatives  of  catechin  (0  =  63  26; 
H-3-89)  and  acacatechin  (0-6333;  H  =  3-94),  and  this  again 
points  to  the  close  relationship  between  these  substances.  As  is  well 
known,  this  so-called  anhydride  or  phlobophano  production  by  means  of 
mineral  acids  is^  characteristic  of  numerous  tannins  of  the  catechol 
clans,  and  is  presumed  to  be  an  indication  of  the  presence  of  such  a 
substance.  The  behaviour  of  cyanomaclurin  in  this  rospoct  indicates 
that  the  presence  of  a  catechol  nucleus  is  not  essential  for  phlobo- 
phune  tormation,  and  this  haw  boon  previously  suggested  because  a 
novel  tannin  compound  existing  in  the  leaves  of  the  riatachia  lentisctis 
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(Trans.,  1898,  73,  378),  and  in  which  only  pyrogallol  and  phloro- 
glucinol  nuclei  are  present,  also  gave  a  similar  product.  Evidently 
therefore  this  reaction  is  due  rather  to  the  structure  of  the  compounds 
in  question  than  to  the  presence  of  one  special  phenolic  nucleus. 

Experiments  on  the  oxidation  of  an  aqueous  solution  of  cyano- 
maclurin  with  potassium  ferricyanide  in  the  presence  of  sodium 
acetate  gave  negative  results,  and  no  colouring  matter  analogous  to 
that  produced  in  this  manner  from  the  catechins  could  be  obtained. 

Summary  of  HeatilU. 

The  results  of  this  investigation  indicate  an  extremely  close  relation- 
ship between  cyanomaclurin  and  the  catechins,  and  it  at  one  time 
appeared  probable  that  the  former  differed  merely  from  one  or  other  of 
the  hitter  in  that  it  contained  a  resurcinol  instead  of  a  catechol  nucleus. 
The  number  of  hydroxyls  and  the  general  reactions  of  these  substances 
are  almost  identical  in  each  case,  except  in  so  far  as  the  colour  reactions 
due  to  distinct  nuclei  would  lead  one  toexj>ect  a  slight  difference  ;  but, 
on  the  other  hand,  as  the  formula  of  cyanomaclurin  is  Cj^Hj^Og,  it  cannot 
be  isomeric  with  the  catechins  but  must  belong  to  a  distinct  group.  It 
is  interesting  to  note  how  clearly  the  two  nuclei  phloroglucinol  and 
catechol  and  phloroglucinol  and  i*esorcinol  respectively  are  to  be 
observed  in  eatechiu  and  cyanomaclurin,  the  first-named  by  the 
method  previously  referred  to,  and  the  second  by  means  of  ferric 
chloride.  Thus  catechin  in  this  way  gives  the  green  catechol 
coloration,  and  cyanomaclurin  a  liquid  very  similar  to  that  yielded  by 
resorcinol  itself. 

Quercetin  and  catechin  exist  side  by  side  in  catechu,  and  it  was 
previously  suggested  that  the  latter  could  be  regarded  as  a  reduction 
product  of  the  former  ;  again,  a  similar  reasoning  would  apply  to 
morin  and  cyanomaclurin,  for  these  are  found  together  in  the 
Jackwood,  and  yield  on  hydrolysis  identical  products.  It  is  therefore 
considered  probable  that  the  following  constitution  is  applicable  to 
cyanomaclurin  : 

O  OH 

oh/\/\c — (~yoii, 

OH  CH.3    • 
for  although  it  could  be  repi-esented  as  a  hydroxychalkone,  thus : 

OHj^OH  ^-5- 

i    J-co-ch:ch-<^    \oh, 

OH  ~ 
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it  does  not  possess  the  characteristics  of  this  class   of   compound.     As 
an  alternative  formula,  the  following  is  also  possible  : 


iJ-OH   OH 


OH  CH (        >0H. 


The  rarity  of  cyanomaclurin  and  the  difficulty  with  which  it  yields 
crystalline  derivatives  render  it  probable  that  these  points  will  only 
be  definitely  solved  by  the  synthetical  preparation  of  the  substance 
itself. 

The  expenses  of  this  research  have  been  defrayed  by  a  grant  from 
the  Research  Fund  of  the  Chemical  Society,  for  which  the  author  is 
greatly  indebted. 

Clothworkers'  Research  Laboratory, 
The  University, 
Leeds. 


LXXin. — Studies  in  the  Camphane  Series.     Part  XIX. 
Camphoryl-  yfr-semicarhazide. 

By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

The  main  distinction  between  Rupe's  camphorylcarbamide  and  the 
;>«eM</o-modification  recently  described  by  us  (this  vol.,  p.  110),  lies  in 
their  behaviour  towards  nitrous  acid,  which  transforms  the  first-named 
into  camphorylcarbimide,  whilst  yielding  a  nitroso  derivative  with  the 
isomeride.  H  the  freshly  prepared  nitroso-com pound  is  suspended  in 
dilute  acetic  acid  and  treated  with  zinc  dust,  it  quickly  forms  a  clear 
Kolution,  from  which  we  have  isolated  a  crystalline  compound, 

melting  at  193'',  and  having  the  properties  of  a  primary  semicarb- 
nzide. 

In  view  of  the  probable  relationship  between  camphorylcarbamide 
and  itH  ;)«(?Mf/o- modification,  developed  in  the  paper  quoted,  we  regard 
the  now  KubKtanco  as  cainp/iori/lil/apinicarhazide, 


^•"'*<iYOH)-NH>^^' 
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and  as  it  appears  to  be  the  first  optically  active  primary  seoiicarb- 
azide,  we  have  examined  it  in  some  detail. 

Naturally  the  chief  point  of  interest  in  connection  with  such  a 
substance  is  its  behaviour  towards  aldehydes  and  ketones,  because  an 
agent  by  which  racemic  compounds  of  those  classes  may  be  resolved 
into  their  active  compounds  might  find  useful  application  ;  pheuyl- 
rf-amylhydrazine,  C2H5-CH(CHj)-CH2-N(C^Hj,)-NHj,  quite  recently 
described  by  Neuberg  and  Federer  (Ber.,  1905,  38,  866),  seems  to 
achieve  satisfactorily  the  purpose  in  question,  but  its  production 
involves  the  troublesome  isolation  of  an  optically  active  amyl  balide. 

Camphoryl-i/'-semicarbazide  condenses  easily  with  most  aldehydes 
and  some  ketones,  the  readiness  with  which  action  takes  place  among 
the  substituted  benzaldehydes  being  extraordinary  ;  on  treating  a 
0'5  per  cent,  solution  of  the  base  in  water  with  the  calculated  amount 
of  benzaldehyde,  the  liquid  requires  to  be  warmed  no  longer  than  one 
minute  before  it  becomes  turbid,  the  crystalline  semicarbazone  separat- 
ing almost  immediately  afterwards.  The  condensation  products  which 
have  been  obtained  in  this  manner  from  a  number  of  typical  alde- 
hydes are  characterised  in  many  cases  by  unusually  high  specific 
rotatory  power;  the /^Mtu/o-semicarbazide  itself  has  [o]o  8*6^,  but  the 
benzylidene  compound  has  [o]o  420  6^,  and  the  cinnamylidene  deriv- 
ative [a]o  6054%  whilst  the  product  from  benzoquinone  has 
[ajo  -  1051°  in  acetone.  This  is  not  the  highest  specific  rotatory 
power  on  record,  because  parasantoninimide,  described  by  France^coni 
(Atti  Ji\  Accad.  Lincei,  1903,  [v],  12,  ii,  204),  has  [ajo  +1135°;  this 
corresponds  to  [M],,  2780°,  however,  whereas  benzoquinone  camphoryl- 
i/' semicarbazone  has  [M]u  3310°.  In  the  following  table,  the  values 
for  the  vanillidene,  cuminylidene,  and  o  hydroxy  benzylidene  com- 
pounds are  only  approximate,  owing  to  the  retention  of  crystal 
solvent  by  these  derivatives,  allowance  being  therefore  made  in  the 
calculation. 


i^-Semicarbazone. 

M.  p. 

Solvent. 

[«]». 

IM]„. 

w»-Nitrobenzaldehyde .... 
Acetone  

218° 

217 

212 

234 

219 

229 

223 

234 

229 

222 

219 

197 

Acetic  acid 
Chloroform 

»» 

I) 

)) 

Ether 
Acetone 

+  84' 
-188 
+  288 
-314 
+  376 
+  415 
+  421 
+  440 
+  450 
+  502 
+  605 
-1051 

SOI' 

498 

0- Hydroxy  benzaldehyde . 

Camphorquiuone    

A'anilliu  

931 
1172 
1349 

Cuiuinaldehvde 

1473 

Benzaldehyde 

1318 

Anisaldehyde 

l'il)eronaldehyde    .. 

Furfuraldehyde 

Cinnamaldehyde    

p-  Benzoquinone 

1509 
1599 
1522 
2051 
3310 
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Several  points  of  interest  are  presented  by  this  list,  and  will  receive 
more  extended  study.  The  high  rotation  of  the  benzylidene  com- 
pound, which  has  [ajo  almost  identical  with  that  of  benzylidene- 
camphor,  suggested  an  examination  of  the  cinnamaldehyde  derivative, 
many  investigators  having  shown  that  double  linkages  exert  a 
profound  influence  on  specific  rotatory  power.  From  this  we  were  led 
to  the  product  from  j9-benzoquinone,  because  in  that  substance  the 
ordinary  benzenoid  structure  is  suspended,  and  no  fewer  than  four 
double  linkages  may  be  recognised. 

An  illustration  of  the  marked  effect  on  specific  rotatory  power 
brought  about  by  unsaturated  linkages  in  this  series  may  be  drawn 
from  the  various  compounds  arising  by  replacement  of  iminic  hydrogen 

pxT TSITT 

in  camphoryl-i/f-carbamide,    ^'s-^ii'^ri/ntrN  xrw^^^'  which  is  repre- 
sented in  the  following  table  by  the  symbol  Cam.NH  : 

ilr-Carbamide Cam.NH  [a]u    -IS'S" 

Methyl  tf'-carbamide    Cam.N'CHj +6-9 

Nitroso-i^-carbamide    Cam.N'NrO +169'3 

i^-Semicarbazide   Cam.N'NHj    +8'9 

Benzaldehyde  ifi-semicarbazone Cam.N'NtCH'CgHj    +421 

Cinnamaldehyde  i/^-semicarbazone Cam.N'NtCII'CHrCH'CgHs        +605 

/OH*CH\ 
Benzoquinone  i^-semicarbazone Cam.N'NlCwijT^pTT^CiO.      -  1051 

Although  perhaps  merely  a  coincidence,  it  is  remarkable  that  the 
algebraic  difference  in  rotatory  power  between  the  pseudo-c&vhsimide 
and  the  nitroso-derivative  should  be  182"8°,  and  therefore  almost 
identical  with  that  shown  by  the  josewcZo-semicarbazones  of  benzalde- 
hyde  and  cinnamaldehyde,  namely,  184°,  the  principal  difference 
between  the  individuals  of  each  pair  being  a  single  ethylcnic  linkage. 

It  is  also  noteworthy  that  the  specific  rotation  of  the  j^seudo-semi- 
carbazones  of  acetone  and  the  two  quinones  should  be  negative, 
whilst  the  condensation  products  from  the  aldehydes  are  dextro- 
rotatory. Moreover,  it  will  be  observed  that  if  the  above  formula 
correctly  represents  the  constitution  of  the  ^sewtio-carbamide,  it  con- 
tains two  asymmetric  carbon  atoms  in  addition  to  those  present  in 
camphor  itself ;  consequently,  the  ^«ett(Zo-carbamide  and  the  pseudo- 
semicarbazide,  although  optically  active,  are  racemic  with  respect  to 
those  carbon  atoms,  and  it  may  be  possible,  by  fractionally  crystallis- 
ing the  camphoryl-i/'-seniicnrbazone  of  an  optically  active  ketone  such 
as  camphor,  to  resolve  the  ;w«i«^o-Romicarbazide  itself  into  enantio- 
morphouB  modifications.  One  of  these  new  forms  should  yield  with 
benzoquinone  a  ;7Mi^o-semicarbazone  having  [a]„  in  excess  of  that 
recorded  for  the  racemoid. 

The  members  of  the  camphoryl-i/'-semicarbazono  group  are  character- 
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ised  by  the  tenacity  with  which  they  retain  solvents  of  crystallisation, 
particularly  in  the  cases  of  alcohol  and  benzene  ;  the  same  feature 
was  noticed  in  connection  with  the  isomeric  camphorylcarbamides 
(this  vol.,  p.  115),  but  the  high  specific  rotation  of  the  pteudo-semi- 
carbazones  renders  it  possible  to  emphasise  this  point  by  polarimetric 
observations.  The  following  values  have  been  obterved  for  the  cinu- 
anjylidene  derivative,  and  illustrate  forcibly  the  words  recently  used 
by  Walden  {Ber.,  1905,  38,  402),  "  es  giebt  keine  indiCferenten 
Liisungsmittel." 


Solvent. 

Ether  

Chloroforno ,.,,. 

5-27 
451 
438 
SSI 

Solvent. 

Nitruiuethane 

Ac«toDe 

Alcohol 

■      ■         '■{ 

r  307" 
1(>2 

Fheuetole    

Bromobeiizeue    

107 
9»$ 

Carbon  disulphide 

-54 

Similarly',  the  benzoquiuone  compound,  which  gives  [a]i,  -  1051"  in 
acetone,  has  [a]u  -545^^  in  alcohol,  whilst  the  furfural  derivative 
gives  [a]u  502°  and  [a]o  lOO^"^  in  chloroform  and  alcohol  respectively. 

Before  proceeding  to  the  experimental  section,  attention  should  be 
drawn  to  the  readiness  with  which  camphoryl-^-semicarbazide  fur- 
nishes a  monomolecular  anhydride,  produced  by  the  action  of  hydro- 
chloric acid.  The  constitution  of  this  compound  might  be  represented 
by  the  formulae 


^s^ux 


CH— N  CH-N(NH2) 

^        NH  ^CO     and     CJl^^(^^  j  "^CX), 

C— NH  C  N 


of  which  the  second  is  that  of  camphoraminoimidazolone.  This  would 
exhibit  properties  recalling  those  of  the  ;>«eWo-semicarba2ide,  and,  as 
the  anhydride  obtained  in  the  manner  described  has  no  action  on 
ammoniacal  silver  oxide  and  does  not  undergo  condensation  with  alde- 
hydes, we  believe  it  to  have  the  structure  represented  by  the  first  of 
the  above  formulae. 

The  behaviour  of  camphoryl-i/^-semicarbazide  towards  Fehling's  solu- 
tion is  remarkable ;  hot  alkalis  have  no  action  on  the  substance,  but 
the  agent  mentioned  oxidises  it  to  camphor  immediately  on  warming 
the  liquid,  and   simultaneously  eliminates  nitrogen  and  cyanic  acid, 


CH N^:H,_+_0^ 


CH   ^  I  CO  -  CH   <ri     -  +  No  +  H„0-I-HNCO, 

C(OH)— NH 
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the  presence  of  which  in  the  liquid  has  been  definitely  established. 
Mercury  acetamide  also  liberates  nitrogen  from  the  josewcZo-semicarb- 
azide  (compare  Trans.,  1898,  73,  783)  without  giving  rise  to  camphor. 

Experimental. 
tamphoryl-\l/-semica7'oazide,  CgHj4<^  i  ^p»CO. 

By  a  slight  modification  of  the  process  described  (this  vol.,  p.  110), 
camphoryl-i/^  carbamide  may  be  obtained  in  a  condition  which  renders 
unnecessary  the  crystallisation  from  boiling  water  as  a  step  preparatory 
to  conversion  into  the  nitroso-derivative ;  this  consists  in  extracting 
twice  with  ether  the  solution  of  aminocamphor  hydrochloride  before 
treatment  with  potassium  cyanate.  Thus,  the  production  of  the 
jDsewc?o-semicarbazide  from  isonitrosocamphor  may  be  carried  out 
rapidly  and  economically. 

Thirty-five  grams  of  camphoryl-i/^-carbamide  were  transformed  into 
the  nitroso-derivative  {loc.  cit.),  and  the  undried  product,  suspended  in 
600  c.c.  of  water  with  60  c.c.  of  glacial  acetic  acid,  was  treated  with 
25  gram's  of  zinc  dust,  the  temperature  being  kept  low  by  a  liberal 
supply  of  crushed  ice.  The  nitroso-derivative  rapidly  disappeared, 
and,  when  action  was  complete,  the  colourless  liquid  was  filtered  from 
undissolved  zinc  and  concentrated  on  the  water- bath  until  about 
150  c.c.  remained;  on  adding  75  c.c.  of  ammonia  (sp.  gr.  0*88),  which 
is  sufficient  to  redissolve  the  zinc  hydroxide,  a  crystalline  precipitate 
of  the  /)seMc^-semicarbazide  was  formed,  a  further  quantity  being 
obtained  from  the  filtrate  by  adding  acetone,  the  jt)«ewc?o-semicarbazone 
of  which  is  precipitated  a  few  seconds  afterwards.  The  pseudo-semi- 
carbazide  still  retained  some  zinc  hydroxide,  and  was  therefore  crystal- 
lised from  a  small  quantity  of  boiling  water  containing  ammonia, 
being  afterwards  dried  in  the  desiccator  and  recrystallised  from  chloro- 
form, which  deposited  snow-white  needles  melting  at  193°. 

01488  gave  0-3194  CO2  and  0-1139  HjO.     C  =  58-54;  H  =  8-60. 
01 234     „     204  c.c.  nitrogen  at  19°  and  752  mm.     N  =  18-80. 
CjiHiyO^Nj,  requires  C  =  58-66  ;  H  =  8-44  ;  N  =  18-66  per  cent. 

A  solution  containing  0*8463  gram  in  25  c.c.  of  water  to  which  a 
few  drops  of  alcohol  had  been  added  gave  od  0°36'  in  a  2-dcm.  tube, 
whence  [o]o  8-6^. 

The  />«eu</o-Bemicarbazide  is  insoluble  in  petroleum  and  sparingly 
Holublu  in  benzene,  from  which  it  sopar.ites  in  crystals  retaining  the 
solvent ;  it  is  moderately  soluble  in  warm  chloroform  and  cold  water, 
but  disMolvcH  very  freely  in  cold  alcohol.  In  the  purified  condition,  it 
U  a  stable  substance,  but  freshly  precipitated  moist  specimens  slowly 
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undergo  oxidation  when  exposed  to  air,  developing  the  odour  of 
camphor ;  it  reduces  cold  ammoniacal  silver  oxide,  from  which  a 
mirror  is  deposited  on  warming.  Ferric  chloride  liberates  nitrogen 
from  an  aqueous  solution,  giving  rise  to  a  white  precipitate,  and 
platinum  tetrachloride  forms  a  dark  brown  liquid  from  which  nitrogen 
is  slowly  evolved.  Fchling's  solution  has  no  action  until  heated,  when 
brisk  disengagement  of  nitrogen  occurs,  cuprous  oxide  being  precipi- 
tated ;  camphor  distils  in  the  escaping  steam,  and  if  the  experiment  is 
conducted  with  a  few  decigrams  of  material,  it  can  be  hhown  by  means 
of  the  cobalt  test  that  potassium  cyauate  is  present  in  the  residual 
liquid.  The  substance  itself  is  not  volatile  in  steam,  and  is  not 
removed  from  aqueous  solutions  by  ether  ;  alkalis  are  without  action 
upon  it,  but  hot  hydrochloric  acid  transforms  it  into  the  anhydride 
(see  page  734). 

The  nitrate  is  prepared  most  conveniently  from  the  acetone-^-semi- 
carbazone;  this  is  dissolved  in  nitric  acid  (sp.  gr.  142),  forming  a  pale 
yellow  syrup  smelling  strongly  of  acetone,  and,  on  adding  10  volumes 
of  pure  ether,  a  clear  solution  is  produced,  setting  almost  immediately 
to  a  transparent  jelly,  which  changes  in  the  course  of  a  few  minutes 
to  a  compact  mass  of  small,  silky  needles. 

0U96  gave  25-8  c.c.  nitrogen  at  20°  and  758  mm.     N  =  19-68. 
CijHjjjOjNjjHNOg  requires  N  =  19*44  per  cent. 

The  salt  is  insoluble  in  ether,  but  dissolves  very  freely  in  water, 
forming  a  solution  which  is  strongly  acid  to  litmus. 

The  cuprinitrate  separates  in  the  form  of  a  pale  blue,  crystalline 
precipitate  when  a  concentrated  solution  of  copper  nitrate  in  alcohol 
is  added  to  the  />«e!t(/o-semicarbazide  nitrate  dissolved  in  water  ;  re- 
crystallisation  from  hot  absolute  alcohol  yields  aggregates  of  lustrous, 
flat,  bright  blue  needles.  Two  separately  prepared  specimens  were 
analysed. 

01505  gave  00154  CuO.     Cu  =  8-17. 
00749     „     0-0077  CuO.     Cu  =  8-21. 

(CiiHi90,,N3,HN03)2,Cu(NOjj).,  requires  Cu  =  8-31  per  cent. 

The  salt  decomposes  at  168—170°. 


The  Camphoryl-ilf-aemicarhazones. 

In  preparing  the  condensation  derivatives  of  camphoryl-i/^-semi- 
carbazide  with  aldehydes  and  ketones,  it  has  been  the  practice  to 
employ  the  solution  in  dilute  acetic  acid  obtained  on  filtering  undis- 
solved zinc  from  the  reduced  n itroso- derivative  of  the />»eM(/o-carbamide. 
On  adding  rather  less  than  the  calculated  amount  of  the  aldehyde  or 
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ketone  to  this  liquid  and  raising  the  temperature  to  80°  the  carbonyl 
compound  usually  dissolved,  separating  almost  immediately  afterwards 
as  the  j9seMC?o-semicarbazone,  which  was  often  sticky  at  first,  but  soon 
became  crystalline. 

Many  of  the  condensation  products  thus  obtained  have  been  found 
to  retain  with  great  tenacity  the  solvents  from  which  they  crystallise. 
The  cinnamylidene  compound,  for  example,  dissolves  in  a  small  pro- 
portion of  cold  benzene,  but  separates  immediately  in  crystals 
containing  one  molecular  proportion  of  the  hydrocarbon,  and  in  this 
form  dissolves  with  diflBculty  in  boiling  benzene  ;  so  closely  is  the 
solvent  attached  to  this  compound  that  the  crystals  may  be  dissolved 
in  chloroform  and  recovered  from  this  medium  by  evaporation  without 
displacement  of  benzene  occurring.  The  vanillidene  derivative 
behaves  in  the  same  way,  but  the  analytical  results  in  this  case  were 
less  definite,  falling  short  of  those  required  by  one  molecular  propor- 
tion of  benzene.  The  cuminylidene  compound,  when  crystallised 
from  alcohol,  also  contains  the  solvent,  whilst  the  condensation 
product  from  salicylaldehyde,  doubtless  owing  to  the  presence  of  a 
hydroxyl  group,  furnished  results  agreeing  with  water  of  crystallisa- 
tion. The  substances  obtained  from  benzaldehyde,  m-nitrobenzaldehyde, 
anisaldehyde,  piperonaldehyde,  acetone,  furfural  dehyde,  camphor- 
quinone,  and  j9-benzoquinone,  were  solvent-free,  but  in  several  of  these 
cases  an  alteration  in  the  appearance  of  crystals  freshly  withdrawn 
from  the  mother-liquor  indicates  a  tendency  to  combine  with  the 
solvent. 

Benzaldehyde  camphoryl-  ij/-  semicarhazone, 

is  readily  soluble  in  cold  chloroform,  alcohol,  ethyl  acetate,  and 
glacial  acetic  acid,  dissolving  to  a  moderate  extent  in  boiling  acetone, 
from  which  it  separates  in  well-formed,  six-sided  prisms  ;  it  is  almost 
insoluble  in  boiling  light  petroleum  and  cold  ether,  and  melts  at  223°, 
when  it  decompo.ses. 

0-1806  gave  0-456G  CO.  and  01242  H,,0.     C  =  68-95;  H  =  7-64. 
0-1606     „     190  c.c.  ofnitrogon  at  18°  and  753  mm.     N=  13-54. 
CigHjgOgNg  requires  C  =  6901 ;  H  =  7-34 ;  N  =  13-41  per  cent. 

A  solution  containing  0-5002  gram  in  25  c.c.  of  chloroform  gave  oo  ^ 
16''60' in  a  2  dcm.  tube,  whonco  [u]i,  420'6".  The  semicarbazone  is 
slowly  hydrolysed  by  hot  dilute  hydrochloric  acid,  but  is  stable  towards 
alkali*;  it  dissolves  in  concentrated  sulphuric  acid  without  rise  of 
temperature,  and,  on  warming,  the  solution  develops  an  intense, 
cherry-red  coloration  which  is  destroyed  on  dilution,  when  the  odour 
of  benzaldehyde  becomes  perceptible. 
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m-Nitrobenzaldehyde  camphm'i/l-il/semicarbazone, 

xh.n(n:ch.c,h,-no,) 

i8  practically  insoluble  in  chloroform,  acetone,  ether,  ethyl  acetate,  and 
light  petroleum  ;  boiling  alcohol  dissolves  it  very  sparingly,  depositing 
minute,  pale  yellow  needles  which  melt  at  218 — 220^  with  decomposi- 
tion. It  is  moderately  soluble  in  pyridine  and  in  glacial  acetic 
acid. 

01214  gave  02681  CO,  and  0  0723  HjO.     C=> 60-23;  H  =  6-62. 
^18^22^4^4  requires  C-60-33;  H  =  614  per  cent. 

A  solution  containing  01019  gram  in  25  c.c.  of  pyridine  gave  ao 
0°10'  in  a  2-dcm.  tube,  whence  [o]i,  204";  0-2723  gram  dissolved  in 
25  c.c.  of  glacial  acetic  acid  gave  1"50',  whence  [aju  84"1°.  Unlike 
m-nitrobenzylidenesemicarbazone  itself,  the  substance  is  insoluble  in 
hot  aqueous  sodium  hydroxide,  but  it  dissolves  in  concentrated 
sulphuric  acid,  and  the  solution  becomes  orange-red  when  warmed. 

O'Uydroxyhenzaldehyde  camphoryl\j/-sem icarbazon^, 

xh.n(n:ch.c,h,-oh) 

obtained  from  salicylaldehyde,  dissolves  readily  in  chloroform,  ethyl 
acetate,  acetic  acid,  and  acetone,  being  only  sparingly  soluble  in  light 
petroleum,  from  which  it  crystallises  in  plates.  When  covered  with 
cold  spirit  it  dissolves  very  freely,  separating  almost  immediately  in 
bulky,  lustrous,  hydrated  needles  ;  in  this  condition  it  softens  at  206^^ 
and  melts  at  212°,  decomposing  vigorously.  A  specimen  [left  in  the 
desiccator  during  several   weeks  was  found  to  retain  approximately 

01424  gave  03321  00,  and  0-0959  H^O.     C  =  6360 ;  H  =-  748. 

0-1486     „     0-3464  00.^    „    01028  H,0.     0  =  6357 ;  H  =  7-68. 

01 751     „     190  c.a  of  nitrogen  at  20^  and  752  mm.     N  =  1228. 

CigHgsOjNg  requires  0  =  6565  ;  H  =  700  ;  N  =  1276  per  cent. 

C^s-H.,p^-^^,b,H^O       „        0  =  6400;  H  =  7-72;  N  =  ll-20    „      „ 

OjsHggOaNg.lXo        n         0  =  63-90;  H  =  7-10;  N  =  12-42    „      „ 

A  solution  containing  04 130  gram  in  25  c.c.  of  chloroform  gave  uj, 
8°54'  in  a  2-dcm.  tube,  whence  [a]i,  269-4°  corresponding  to  [a]u 
276*8°  for  the  anhydrous  compound.  After  6  hours  in  the  steam 
oven,  0-1406  gram  dissolved  in  25  c.c.  of  chloroform  gave  an  3'ir, 
whence  [a]D  283  0°. 

01001  gave  02402  00^  and  00622  H.O.     0  =  65-44;  H  =  6-90. 
O18H23O3N3  requires  0  =  65  65  ;  H  =  7*00  per  cent. 

The  salicylidene-^-semicarbazone  dissolves  in  alkali  hydroxides  and 
VOL.   LXXXVII.  3   D 
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is  reprecipitated  by  acids ;  ferric  chloride  develops  an  intense,  dark 
green  coloration  in  alcoholic  solutions. 

p-Metho.ryhenzaldehi/de  camphoryl-xl/semicarhazone, 

prepared  fi'om  anisaldehyde,  dissolves  readily  in  benzene  and  in  chloro- 
form, more  sparingly  in  acetone  and  in  boiling  alcohol,  crystallising 
.from  the  latter  in  brilliant,  hexagonal  plates,  insoluble  in  ether  and 
light  petroleum  ;  it  melts  and  decomposes  at  234°. 

0-1790  gave  0-4333  COg  and  0-1252  HgO.     C  =  6602  ;  H  =  777. 
CigH^gOgNg  requires  C  =  66-43  ;  H  =  7-34  per  cent. 

A  solution  containing  0-4898  gram  in  25  c.c.  of  chloroform  gave  a^ 
17°15'  in  a  2-dcm.  tube,  whence  [a]o  440-2°. 
Pijyeronylidene  camphoryl-ij/semicarbazone, 

is  readily  soluble  in  chloroform,  benzene,  acetone,  and  hot  ethyl 
acetate,  crystallising  from  the  last-named  in  silky  needles ;  hot  alcohol 
dissolves  it  readily,  depositing  lustrous  prisms  which  melt  and 
decompose  at  229°. 

0-2031  gave  0-4711  COg  and  0-1179  HgO.     C  =  63-26;  H  =  6-45. 
C19H23O4N3  requires  C  =  63-87  ;  H  =  644  per  cent. 

A  solution  containing  0  3028  gram  in  25  c.c.  of  chloroform  gave  a^ 
10°54'  in  a  2-dcm.  tube,  whence  [a]^  450-0°. 
Vanillidene  camphoryl-  if/semicarbazone, 

,ch-n[n:ch-CoH,(oh)-och3], 

XOR)- 

dissolves  readily  in  organic  media  excepting  ether  and  light  petroleum; 
it  exhibits  a  marked  tendency  to  combine  with  solvents,  dissolving  in 
a  small  quantity  of  cold  benzene,  from  which  it  separates  immediately 
afterwards  in  crystals  containing  the  liydrocarbon.  The  compound 
melts  at  219°. 

0-1766  gave  0-4345  CO^  and  01 144  H2O.    C  =  67-15  ;     H  =  7-20. 

0-2266     „     19-8  c.c.  of  nitrogen  at  19°  and  742  mm.     N  =  9-80. 

0-1755     „     15-4  c.c.  of  nitrogen  at  20°  and  748  mm.     N  -  9  88. 

CijHjjO^Nj  requires  C-63-51  ;  H  =  6-9G;  N  =  ll-70  percent. 

C,,Hjj04N3,C,,H„  requires  0- 68-65;  11-709;  N  =  9-61  percent. 

A  solution  contaiDing  0-2268  gram  in  25  c.c.  of  chloroform  gave  u„ 
5°36'  in  a  2-dom.  tube,  whence  [a],,  .'i08-6°,  corresponding  to 
[a]tt  376°  approximately  for  the  solvent-free  compound.     A  specimen 
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crystallised  from  alcohol,  in  which  it  dissolves  very  readily,  also  gave 
results  indicating  the  presence  of  the  solvent. 

01460  gave  03292  CO^  and  00969  H^O.     C -61-50;  H  =  7-37. 
CijHjsO^Nj.aHgO  requires  C-62-22;  H  =  7-65  percent. 

Cuminylidene  camp/ioryl-\j/-8etnicarbazone^ 

XH.N(N:CH.CeH,-C3H,) 

prepared  from  cuminaldehyde,  is  freed  from  the  characteristic  smell  of 
that  substance  with  the  greatest  difficulty.  It  is  readily  soluble  in 
organic  media  excepting  ether  and  petroleum,  and  melts  at  229  ,  when 
it  decomposes. 

01434  gave  0  3675  CO,  and  01111  H,0.     C-69-89;  H  =  8-60. 
01862     „    0-4744  CO2  and  01433  Hp.     C  =  69-48  ;  H- 8-55. 
CiiHjoOjN,  requires  0-70  99;  H-817  per  cent. 
CjjH290,N3,C.^H,.0  requires  C  -  6882  ;  H  =  873  pec  cent. 

A  solution  containing  0*2996  gram  in  25  c.c.  of  chloroform  gave  ao 
9°20'  in  a  2-dcm.  tube,  whence  [a]i,  3900°,  corresponding  approxi- 
mately to  [aji)  415°  for  the  solvent-free  compound. 

Cinnamyliden«  camphoryl-ij/sem icm-bazotie, 

has  been  examined  in  greater  detail  on  account  of  its  unusually  high 
specific  rotatory  power.  Twenty  grams  of  camphorylnitroso  \j/- 
carbamide  were  reduced  with  zinc  and  dilute  acetic  acid,  the  filtered 
solution  being  treated  with  10*5  grams  of  eionamaldehyde,  and 
warmed  on  the  water-bath.  The  limpid  oil  having  changed  to  a  yellow, 
viscous  product,  the  heating  was  discontinued,  and  the  semicarbazone 
withdrawn  from  the  liquid  was  rubbed  with  a  small  quantity  of  cold 
alcohol  and  drained  on  earthenware.  Fifteen  grams  of  a  pale  yellow 
powder  were  obtained,  and  on  covering  the  dry  substance  with  cold 
benzene  it  dissolved  freely,  separating  immediately  afterwards  in 
crystals  which  dissolve  sparingly  in  the  boiling  solvent ;  this  deposited 
minute  octahedra  melting  at  219°  with  disengagement  of  gas.  After 
exposure  to  air  during  2  hours, 

0-2055  gave  05606  COj  and  01415  HS>.     C  =  74-40;  H  =  7-65. 

C00H.25O0N3  requires  C  =  7080  ;  H  =  737  per  cent. 

C2oH2jOjN3,O^H^  requires  0  =  7482  ;  H  =  743  per  cent. 

A  solution  containing  02604  gram  in  25  c.c.  of  chloroform  gave  uo 
8°43'  in  a  2-dcm.  tube,  whence  [a]o  418-4^,  corresponding  to 
[a]^  514-4°  for  the  solvent-free  compound  ;  the  residue  obtained  bv 
evaporating  this  liquid  on  the  water-bath  gave  [a]u  4250',  showing 
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that  scarcely  any  benzene  had  been  removed,  whilst  exposure  to  100** 
during  3  hours  raised  the  specific  rotatory  power  to  [aj^  527-5°. 
Further  heating  appeared  to  racemise  the  substance,  a  specimen  which 
originally  gave  [cl]o  418°  giving  [ajo  483°  after  12  hours  in  the  steam 
oven. 

Determinations  of  the  specific  rotatory  power  of  the  material 
having  [a]o  527*5°  in  chloroform  have  been  made  with  a  variety  of 
solvents  ;  the  following  results  were  obtained  in  a  2-dcm.  tube,  the 
solution  in  each  case  being  made  up  to  25  c.c.  : 

0-2106  gave  aj,  10°12'  in  ether,  whence  [a]^  605-4°. 

4  38   in  carbon  disulphide,  whence  [ajo  330-7^. 
2  36  in  acetone,  whence  [aju  161-6°. 
1  55  in  alcohol,  whence  [ajn  106-6°. 
1  36   in  glacial  acetic  acid,  whence  [a]i,  96-3°. 
■0  54  in  pyridine,  whence  [ajp  — 53-7°. 

Experiments  were  made  also  with  the  specimen  containing  benzene 
of  crystallisation.  A  solution  having  0-2172  gram  in  25  c.c.  of 
bromobenzene  gave  aj,  6°9',  whence  [aji,  355-9°,  or  [ajo  437-8°  for  the 
solvent-free  substance;  0*1160  gram  dissolved  in  20  c.c.  of  nitro- 
methane  gave  an  2°54',  whence  [aj^  250-0°  or  [a]^  307-5°,  solvent- 
free  :  0-2459  gram  dissolved  in  20  c.c.  of  phenetole  gave  a^  9°1', 
whence  [ajo  366*7°  or  [a]i>  451*1°  for  the  solvent-free  compound. 

On  allowing  the  solution  iil  acetone  to  evaporate  slowly,  large, 
transparent,  highly  refractive  crystals  separate,  but  within  a  few 
seconds  of  withdrawing  these  from  the  mother^liquor  they  become 
opaque  whilst  retaining  their  lustre,  and  ultimately  resemble  glazed 
porcelain. 

The  cinnamylidene  derivative  is  insoluble  in  light  petroleum,  and 
only  moderately  in  ether  and  benzene  j  in  the  other  media  mentioned, 
it  dissolves  readily.  A  solution  in  concentrated  sulphuric  acid  is 
deep  yeilow,  changing  to  cherry -red  and  carmine  when  warmed  ;  on 
diluting  this  liquid,  the  odour  of  cinnaraaldehyde  becomes  noticeable. 

Furfuraldehyde  camphoryl-\li-8emicarhazon9^ 

separates  in  crystals  a  few  moments  after  the  aldehyde  is  added  to  a 
solution  of  camphoryl-i/'-semicarbazide  in  25  per  cent,  acetic  acid,  and 
by  rocrystallisation  from  alcohol  is  obtained  in  aggregates  of  flat, 
transparent,  rhomboidal  prisms  which  decompose  without  complete 
fusion  at  222°.  The  crystals  become  dull  and  opaque  in  the  desic- 
cator. 

0-2185  gave  0-6064  COj  and  01412  H,,0.     C  =  63-21  ;  H-7-18. 
0„HjjO,N,  requires  0  =  63-36";  II  »=  6*93  per  cent. 
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A  solution  containing  0*1004  gram  in  25  c.c.  of  chloroform  gave 
Op  4°2' in  a  2-dcm.  tube,  whence  [a ]d  502-2°  ;  0-2301  gram  dissolved 
in  25  c.c.  of  absolute  alcohol  gave  oo  1^51'  in  the  same  tube,  whence 
[ajo  lOO'S".  The  substance  is  insoluble  in  petroleum  and  only 
sparingly  soluble  in  ether,  but  dissolves  readily  in  hot  alcohol, 
acetone,  and  ethyl  acetate ;  it  is  freely  soluble  in  chloroform  and  glacial 
acetic  acid. 

Acetone  campIioryl-\li-semicarhaz(me, 

precipitated  almost  immediately  on  adding  acetone  to  an  ammoniAoal 
solution  of  the  />«en(/o-semiearbazide,  crystallises  from  alcohol  in 
lustrous  needles  and  melts  at  217*^  with  vigorous  disengagement 
of  gas. 

016-19  gave  0-3823  COj  and  01319  H^O.     C- 63-22;  H-8-88. 
Ci4H350.^N3  requires  C  =  6339 ;  H  =  868  per  cent 

A  solution  containing  0-1098  gram  in  25  c.c.  of  chloroform  gave 
[ajo  -  1°39'  in  a  2-dcm.  tube,  whence  [a]o  -  187-8^.  The  compound  is 
insoluble  in  petroleum,  and  only  sparingly  soluble  in  benzene  and 
ether ;  it  is  moderately  soluble  in  hot  alcohol  and  acetone,  dissolving 
readily  in  ethyl  acetate  and  chloroform. 

The  acetone  ^:;«eu</o-semicarbazone  is  indifferent  towards  hot  alkalis, 
but  is  hydrolysed  immediately  by  dilute  hydrochloric  acid,  the  smell 
of  acetone  being  readily  distinguishable  in  the  liquid,  which  reduces 
Fehling's  solution  when  rendered  alkaline. 

Camphorquinone  oamphoryl-il/-$emtcarbazon9, 
C  H   /Va-N(N:CioHi,0) 

WHi4<(!j(0H) NH-^^' 

obtained  as  a  granular  precipitate  on  warming  the  quinone  with  a 
solution  of  the  ^eu^semicarbazide  in  50  per  cent  acetic  acid, 
crystallises  from  boiling  methyl  alcohol  in  silky,  sulphur-yellow 
needles  and  melts  at  234^,  when  it  decomposes. 

0-1126  gave  02785  00^  and  00861  H^O.     C  =  6745  ;  H  =  8-49. 
CaiHgiOgNj  requires  0  =  6756  ;  H  =  8-31  per  cent 

A  solution  containing  02 354  gram  in  25  c.c.  of  chloroform  gave 
od  -5°55'  in  a  2-dcm.  tube,  whence  [ajo  -314-2°.  The  substance  is 
insoluble  in  petroleum,  and  only  very  slightly  soluble  in  boiling 
benzene,  but  it  dissolves  with  moderate  readiness  in  boiling  acetone, 
ethyl  acetate,  methyl  alcohol,  and  ethyl  alcohol. 

Bemoquinone  camphwyl-ij/semicarbazone, 

c  H  /9h-n(n:c,h,o) 
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separates  in  shimmering  brown  leaflets  on  warming  for  a  few  moments 
the  dark  red  liquid  obtained  when  benzoquinone  is  dissolved  by  a 
solution  of  the  jtJsettcZo-semicarbazide  in  50  per  cent,  acetic  acid ;  it 
crystallises  from  boiling  methyl  alcohol  in  lustrous,  golden-brown 
needles  with  faint  violet  reflex,  and  melts  at  197°,  when  it  decom- 
poses. 

0-1364  gave  0-3221  COg  and  0-0829  HgO.     C  =  64-40  ;  H  =  6-75. 

0-1195     „     14-5  c.c.  of  nitrogen  at  20°  and  746  mm.     N  =  13-32. 

C17H21O3N3  requires  C  =  64-76  ;  H  =  666;  N  =  13-33  per  cent. 

The  substance  is  insoluble  in  boiling  petroleum,  dissolving  very 
sparingly  in  boiling  benzene  and  warm  ether ;  it  is  moderately 
soluble  in  cold  glacial  acetic  acid,  hot  acetone,  and  hot  ethyl  acetate, 
whilst  pyridine  dissolves  it  freely.  A  determination  of  the  solubility 
in  chloroform  showed  that  one  gram  requires  about  2500  c.c.  of  the 
cold  solvent. 

A  solution  containing  01018  gram  in  20  c.c.  of  pyridine  gave 
aiy  -  10°42'  in  a  2-dcm.  tube,  whence  [a]o  - 1051°,  which  follows  also 
from  au  -  2°50',  given  by  0-1011  gram  dissolved  in  75  c.c.  of  acetone  ; 
0-0164  gram  in  50  c.c.  of  chloroform  gave  a^  -  0°42',  whence 
[a}b  -  1067°,  and  a  solution  containing  0-0233  gram  in  25  c.c.  of 
absolute  alcohol  gave  ai,  -  l°r,  whence  [a]i)-545°. 

CH— N 

The  Anhydride  of  Camphori/l-il/semicarbazide,  CgHj^^         NH     ,C0. 

C— NH 

On  obtaining  caniphoryl-i/^-seraicarbazide  for  the  first  time,  about 
twelve  months  ago,  we  believed  it  to  have  the  normal  constitution 
corresponding  to  methylsemicarbazide,  NH2'N(CH3)'CO*NH2,  and 
accordingly  endeavoured  to  prepare  from  it  the  unknown  camphoryl- 
hydraziue,  C,0Hj5O*NH*NH2,  in  the  manner  by  which  von  Briining 
obtained  methylhydrazine  from  nitrosomethylcarbamide  (Annalen, 
1889,  263,  7).  Camphorylnitroso-i/^-carbamide  was  therefore  reduced 
with  zinc  and  acetic  acid,  the  solution  of  ^wewt/o-semicarbazide  being 
filtered,  evaporated  to  small  bulk,  and  heated  with  excess  of  concen- 
trated hydrochloric  acid  during  8  hours  in  a  reflux  apparatus;  on 
driving  off  the  oxcoks  of  hydrochloric  acid  and  diluting  largely  with 
water,  a  precipitate  was  obtained  which,  after  crystallisation  from 
alcohol,  could  be  Hublimed  in  minute,  silky  thteads  resembling  philo- 
sopher's wool.  If  the  substance  is  fused  on  a  spatula  and  allowed  to 
return  to  the  temperature  of  solidification,  a  woolly  cluster  of  silky 
threads  suddenly  covers  the  solid. 
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01920  (sublimed)  gave  04504  CO,,  and  01454  H,0.     C-63  98; 

H  =  8-41. 
01045    (sublimed)    gave   185  c.c.  nitrogen  at  25°  and   770   mm. 

N  =  20-58. 
01660  (unsublimed)  gave  03878  COg  and  01238  HjO.     0  =  6371  ; 

H  =  8-40. 
CjiHjyONg  requires  0  =  6377;  H  =  8-21  ;  N  =  20-29  percent. 

The  sublimed  anhydride  melts  at  280^^  and  is  moderately  soluble  in 
alcohol,  from  which  it  crystallifees  in  silky  needles  ;  it  dissolves  in 
concentrated  hydrochloric  acid  and  is  precipitated  on  dilution.  It  is 
sparingly  soluble  in  cold  chloroform,  acetone,  ethyl  acetate,  and  boil- 
ing benzene,  more  readily  in  glacial  acetic  acid,  but  is  insoluble  in 
cold  benzene  and  petroleum.  Fehling's  solution  has  no  action  on  it, 
and  attempts  to  methylate  and  benzoylate  the  substance  were  un- 
successful. 

The  specimen  obtained  in  the  manner  described  appears  to  have 
become  racemised,  a  solution  containing  0*1123  gram  in  25  c.c.  of 
chloroform  giving  a,,  -  0*^50'  in  a  2-dcm.  tube,  whence  [aji,  -  927^ ;  a 
more  highly  active  product,  however,  has  been  obtained  by  hydrolys- 
ing  the  acetone- j/'-semicarbazone  with  hydrochloric  acid,  and  crystal- 
lising the  product  from  alcohol,  which  deposited  hard,  lustrous  plates 
melting  at  276°. 

01950  gave  04528  00,  and  01477  HgO.     0  =  6333;  H  =  8-41. 
0-1675     „     30-2  c.c.  nitrogen  at  20°  and  766  mm.     N  =  20-30. 
CjiHi^ONj  requires  0  =  6377  ;  H  =  8-21  ;  N  =  20-29  per  cent. 

A  solution  containing  0*1011  gram  of  this  specimen  in  20  c.c.  of 
chloroform  gave  oo  -  1°53'  in  a  2-dcm.  tube,  whence  [ajp  -186*2°. 
On  heating  this  specimen  with  hydrochloric  acid  on  the  water-bath 
during  24  hours,  the  specific  rotatory  power  fell  to  [a]o  —1815^, 
indicating  slight  racemisation  ;  it  was  not  expected  that  the  low  figure 
of  the  first  preparation  would  be  reached,  because  that  material  had 
been  in  contact  with  moderately  strong  hydrochloric  acid  during  six 
months. 

^Substituted  a-Camphylcarhamides. 

The  production  of  two  isomeric  carbamides  from  aaminocamphor 
(this  vol.,  p.  110)  led  us  to  study  the  action  of  cyanic  acid  on  acam- 
phylamine,  the  unsaturated  base  obtained  by  reducing  a-campholeno- 
nitrile  with  sodium  and  alcohol,  first  by  Goldschmidt  and  SchuihofE 
{Ber.,  1886,  19,  709)  and  later  by  Tiemann  {Ber.,  1896,  29,  3006). 
Although  this  base  is  converted  readily  into  the  normal  cai*bamide 
derivative  when  the  hydrochloride  is  mixed  with  potassium  cyanate. 
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our  attempts  to  prepare  an  isomeride  corresponding  to  camphoryl-)/^- 
carbamide  have  been  unsuccessful. 

By  the  action  of  nitrous  acid  on  the  carbamide,  a-camphylcarbimide 
has  been  obtained  in  the  form  of  an  oil  with  a  penetrating  odour,  but 
distillation  causes  it  to  decompose  violently ;  nevertheless,  its  chemical 
nature  is  clearly  established  by  the  production  of  substituted  carb- 
amides  from  interaction  with  primary  bases. 

a-Camphylcarbamide,  CjoHjy'NH'CO'N Hg. 

Fifty  grams  of  a-camphylamine  were  dissolved  in  1700  c.c.  of  water 
containing  75  c.c.  of  concentrated  hydrochloric  acid,  and  treated  with 
a  solution  containing  75  grams  of  potassium  cyanate  in  200  c.c.  of 
water ;  in  the  course  of  2  hours,  a  considerable  amount  of  the  carb- 
amide had  separated  in  felted  needles,  and,  a  further  20  grams  of 
potassium  cyanate  having  been  added,  action  was  allowed  to  proceed 
during  12  hours.  After  recrystallisation  from  dilute  alcohol,  the 
compound  melted  at  110°. 

0-1011  gave  0-2492  COg  and  0-0949  HgO.     C  =  67-22;  H  =  10-43. 
CjiHgoONg  requires  C  =  67-34  ;  H  =  10-20  per  cent. 

The  carbamide  is  insoluble  in  petroleum,  but  dissolves  very  readily 
in  alcohol,  chloroform,  and  benzene,  separating  immediately  from  the 
last-named  solvent  in  the  form  of  a  jelly,  which  becomes  crystalline 
in  the  course  of  24  hours  ;  this  property  is  due  to  association  with  the 
hydrocarbon,  thus  recalling  the  behaviour  of  the  camphorylcarbamides. 
It  does  not  reduce  Fehling's  solution. 

All  attempts  to  produce  a  nitroso-derivative  or  to  convert  the  carb- 
amide into  an  isomeric  substance  corresponding  to  camphoryl-i/^-carb- 
amide  having  failed,  we  regard  the  compound  as  having  the  normal 
structure  of  a  substituted  urea,  and  as  being  incapable  of  existence  in 
the  pteudo-iorm. 

a- Camphylcarhim ide,  OiqHjy'NICIO. 

Twenty-five  grams  of  a-camphylcarbamide  wore  suspended  in  400  c.c. 
of  water  to  which  60  c.c.  of  liydrochloric  acid  had  been  added,  the  sub- 
stance dissolving  almost  entirely ;  crystals  of  sodium  nitrite  were 
then  added  to  the  uncooled  liquid  until  the  green  colour  at  first  de- 
veloped had  disappeared,  nitric  oxide  being  then  liberated.  Meanwhile, 
there  separated  an  oil  liaving  an  overpowering,  tear-oxciting  odour, 
HurpaHKing  those  of  caiuphorylcarbimido  and  bornylcarbimido  in  dis- 
agreeable qualities  ;  thi«  product  was  collected  with  ether,  dried  with 
calcium  chloride,  and  heated  in  a  distilling  Hank,  but  on  reaching  the 
boiling  point  violent  effervescence  ensued,  a  portion  of  the  material 
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being  shot  out  of  the  flask,  whilst  the  remainder  became  solid.  On 
repeating  the  preparation,  the  oil  was  distilled  in  steam,  which  con- 
verted about  one-half  into  dicamphylcarbamide,  allowing  the  other  to 
pass  over  ;  this  specimen  was  converted  into  the  following  derivatives, 
readily  obtained  in  each  case  by  the  action  of  the  corresponding  base 
dissolved  in  benzene. 

B-Camphylpiperidi/lcarbamide,  CO<Cj^.p  xP    ^^t  crystallises  from  a 

mixture  of  benzene  and  petroleum  in  leaflets  melting  at  118°. 

0-0884  gave  0-2344  CO^  and  0-0848  HjO.     C  =  72-32  ;  H  =  10-66. 
CjaHjgONa  requires  C- 72-73  ;  H=  1060  per  cent. 

■J^TT.ri       XT 

B-Camphylphenyl carbamide,  ^^^^ii.r^ii  *^i  separates  from  dilute 

6      & 

alcohol  in  needles  melting  at  120 — 121°. 

01141  gave  0-3129  CO,  and  0  0940  H,0.     0  =  74-79;  H  =  9  15. 
C^Hj^ONj  requires  C  -  7500  ;  H  =  8  83  per  cent. 

s-Camphyl-ip-tolt/lcarbamide,  ^^^^\i3.n^\j  Injr  »   crystallises    from 

6      4  3 

dilute  alcohol  in  stellate  groups  of  long,  slender  needles  melting  inde- 
finitely at  135°. 

0-1596  gave  0  4406  CO.^  and  01327  Up.    0  =  75-29;  H  =  9-24. 
OigH^gONj  requires  0  =  7552  ;  H  =  909  per  cent. 

6-Dicamphylcarh(imide,  CO(NH'CjqHj|)jj,  remains  in  the  flask  from 
which  camphylcarbimide  has  been  distilled  with  steam ;  it  crystallises 
from  alcohol  in  slender,  lustrous  needles  melting  somewhat  indefinitely 
at  153—154° 

01035  gave  02888  00,  and  01006  HjO.     0  =  7609  ;  H=  1080. 
CgiHggONg  requires  0  =  75  91  ;  H  =  1084  per  cent. 

These  derivatives  of  camphylamine  are  not  suflSciently  interesting 
to  invite  further  investigation,  but  the  study  of  camphoryl-i/'-semi- 
carbazide  is  being  continued. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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LXXIV. — Estimation  of  Potassium  Permanganate  in  the 
'presence  of  Potassium  Persulphate. 

By    John    Albert    Newton    Friend,    M.Sc, 

It  is  well  known  that  persulphates  liberate  iodine  from  potassium 
iodide  (Marshall,  Proc.  Roy.  Soc.  Edin.,  1898,  22,  388).  In  fact,  this 
reaction  affords  a  method  for  their  quantitative  estimation  {Chem. 
Zeit.,  1899,  23,  699).  If,  however,  dilute  solutions  of  both  are 
employed,  the  iodine  is  liberated  very  slowly.  A  series  of  experiments 
has  been  carried  out  in  order  to  determine  whether  the  presence  of 
small  quantities  of  persulphate  would  interfere  with  the  iodometric 
estimation  of  potassium  permanganate  in  dilute  solution,  the  results 
of  which  are  indicated  below. 

1.  Co'iicentration  of  Iodide. 

The  permanganate  solution  was  freshly  prepared  each  day  (Gardner 
and  North,  J.  Soc.  Chem.  Ind.,  1904,  23,  599)  by  dissolving  the 
crystals  in  cold  water.  Portions  of  the  solution  were  aciditied,  mixed 
with  persulphate  solution,  and  diluted  to  150  c.c.  Varying  quantities 
of  potassium  iodide  solution  were  then  added,  and  after  standing  for 
one  minute  the  liberated  iodine  was  estimated  by  titration  with 
iV/100  sodium  thiosulphate,  which  had  been  made  several  days 
previously  (Dupre,  Zeit.  angeio.  Chem.,  1904,  17,  815).  Fresh  starch 
solution  was  used  as  indicator,  and  the  sulphuric  acid  was  approxi- 
mately 1/10  molecular. 

In  the  following  series  : 

Column  I  gives  the  number  of  grams  of  persulphate  in  solution. 

Column  II  gives  the  titration  in  c.c.  of  thiosulphate  when  just 
sufficient  iodide  had  been  added  to  reduce  the  permanganate. 

Columns  III,  IV,  V,  and  VI  give,  respectively,  the  titrations 
when  twice,  three  times,  four  time«>,  and  six  times  the  equivalent  of 
iodide  had  been  added. 

Series  I. 


I. 

II. 

III. 

IV. 

V. 

VI. 

O'OO  gram 

19-41  c.c. 

19-41  c.( 

19-41  c.c. 

19-41  c. 

:.         19-41  c.c 

002    „ 

19-36    ,, 

19-41    . 

19-44    ., 

19-4'2    , 

19-47    „ 

004     ,, 

19-88    ., 

19-41     , 

19-41     ,, 

19-43    , 

19-48    „ 

0-06     ., 

19-40    „ 

19-40    . 

19-49    ,, 

19-48    , 

19-60    ,, 

008     .. 

19-88    ,, 

19-41     , 

19-49    ,, 

19-48    . 

19-53    ,, 

010     ,, 

19-41     ,, 

19-49    , 

19-r.o  „ 

19-53    , 

19-60    „ 

The  foregoing  results  show  that  the  concentration  of  the  iodide  has 
a  slight  but  decided  effect  on  the  titrations,  the  most  accurate 
results  being  obtained  when  only  a  slight  excess  of  iodide  is  used. 
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2.   Concentration  of  Acid. 

The  results  obtained  by  varying  the  concentration  of  the  sulphuric 
acid  are  given  in  Series  II. 

Column  I  gives  the  concentration  of  the  acid.* 

Columns  II,  III,  an!  IV  give  the  titrations  with  XjlOO  thio- 
sulphate  in  the  presence  of  0  04  gram,  006  gram,  and  0*08  gram 
of  persulphate  respectively. 

As  before,  the  solutions  were  diluted  to  150  c.c.  before  titration, 
and  only  a  very  slight  excess  of  iodide  was  added. 

Seriea  II. 

KAOg,  M,0»  KAOt, 

HjSO^.  0  04  gram.  0  06  grain.  0-08  gt»ni. 

if/18     19-42  c.c.  14-94  c.c.  14-97  c.c. 

Jf/9 19-41    „  14-96    „  14-99    „ 

if/6 19  41    ,,  14  99    ,,  1500    ,, 

MjZ  19-40    ,,  15-00    ,.  1500    ., 

•    Theoretical  values 1941    ,,  14  95    ,,  14  95    .. 

The  concentration  of  the  acid  has  but  little  e£fect  when  the  amount 
of  persulphate  is  small.  The  most  accurate  results  are  obtained, 
however,  when  the  acidity  is  reduced  to  a  minimum  (compare  Trans., 
1904,  85,  601). 

From  the  foregoing  result?,  it  appears  that  correct  titrations  may 
be  obtained  if  (1)  only  a  slight  excess  of  iodide  is  added;  (2)  but 
little  acid  is  present. 

That  such  is  the  case  will  be  evident  from  a  consideration  of  the 
following  data. 

Column  I  gives  the  number  of  grams  of  persulphate. 

Column  It  gives  the  titration  in  c.c.  of  ^V/100  thiosulphate. 

Column  III  gives  the  theoretical  titration,  that  is,  the  titration  ob- 
tained when  no  persulphate  is  present.  The  volume  titrated  was  160 
CO.,  the  concentration  of  acid  being  approximately  1/20-molecular. 


Series  III. 

I. 

II. 

III. 

I. 

II. 

III. 

0  02  gram 

13-54  c.c. 

13-50  c.c. 

0  06gi-am 

13-54  c.c. 

13-50  c.c 

0-02     ., 

14-98    ,, 

14-96    ,, 

0-06     ,, 

14-95    ,, 

14  96    ,, 

0-02     „ 

15-55    ., 

15-54    „ 

006     ,, 

15-53    „ 

15-54    ,, 

002     ,, 

16-00    ,, 

1600    ,. 

0-06     ,, 

1600    ,, 

16-00    ,, 

0-04     ,, 

13-48    ,, 

13-50    ,. 

0-08     .. 

13-51     „ 

13-50    .. 

004     ,. 

14-95    ,, 

14-96    .. 

0-08     ,, 

14-98    „ 

14-96    „ 

0-04     ., 

15-61    ,, 

15o4    ,, 

008     „ 

15-56    ,, 

15-54    „ 

0-04     ., 

15-99    „ 

16-00    ,, 

0-08     „ 

16  01    ., 

16-00    ,, 

if = molecular  weight  in  grams  per  litre. 
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Conclusion. — If  proper  precautions  are  taken,  small  quantities  of 
potassium  permanganate  may  be  estimated  iodometrically  in  the 
presence  of  any  weight  of  potassium  persulphate  not  exceeding  0'08 
gram. 

The  Grammar  School, 
"Watford. 


LXXV. — The    Purification    of    Water    hy    Continuous 
Fractional  Distillation. 

By  William  Robekt  Bousfield,  M.A.,  K.C.,  M.P. 

The  method  generally  used  in  preparing  water  of  a  high  degree  of 
purity  is  that  which  was  introduced  by  Stas  in  the  course  of  his 
atomic  weight  determinations.  The  organic  matter  in  the  water 
is  oxidised  by  distilling  successively  with  strong  and  with  dilute 
alkaline  permanganate  (Stas  used  the  manganate),  and  the  ammonia 
produced  by  the  oxidation  is  removed  by  distilling  a  third  time 
with  potassium  hydrogen  sulphate.  Whilst  ordinary  good  distilled 
water  has  a  conductivity  of  some  5  to  10  reciprocal  megohms  per 
centimetre  cube,  it  is  possible,  by  Stas'  method  under  favourable 
conditions,  to  obtain  water  having  a  conductivity  of  barely  one  of 
these  units,* 

Kohlrausch  has  recently  shown  that  the  conductivity  of  water 
purified  by  Stas'  method  may  be  further  reduced  from  0-9  to  0-5 
by  keeping  it  in  contact  with  an  atmosphere  freed  from  carbon 
dioxide  by  means  of  lime  {Zeit.  Physikal.  Chem.,  1902,  42,  193). 
A  somewhat  remarkable  further  purification  took  place  when  water, 
freed  from  carbon  dioxide  in  this  way,  was  acted  on  by  a  current 
of  purified  air  while  in  contact  with  platinum  electrodes.  The 
platinum  black,  saturated  with  oxygen,  appears  to  oxidise  the 
volatile  organic  impurities,  and  the  cai'bon  dioxide  produced  is 
carried  off  by  the  current  of  air.  Any  ammonia  that  might  be 
present  is  probably  oxidised  to  nitrogen  and  water.  This  further 
purification  reduces  the  conductivity  of  the  water  to  0  2  to  0  3 
gemmbos,  and  although  this  value  is  five  times  as  great  as  that 
recorded  by  Kohlrausch  and  Iloydweiler  for  water  purified  in 
a   vacuum    {Wied.   Annalen,   1894,   63,    209),  it   is   nevertheless   too 

*  The  ittggMtion  that  the  namoa  for  the  unita  of  conductivity  ahoulcl  be  derived 
by  reversing  the  names  of  the  corresponding  units  of  resistance  is  duo  to  Lord 
Kelvin.  For  many  purposes  the  reciprocal  megohm  is  a  more  convouieut  unit  of 
oondactivity  than  the  reciprocal  ohm,  and  Prof.  Ayrton  has  suggested  that  it  may 
coDvoniontly  be  described  aa  a  "  gemraho." 
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pure  to  be  easily  preserved,  and  unless  special  precautions  are 
adopted  it  soon  reverts  to  the  normal  conductivity  of  water,  purified 
in  contact  with  the  atmosphere. 

With  the  object  of  testing  how  far  the  purification  of  water 
could  be  carried  by  redistillation,  an  apparatus  was  some 
time  ago  constructed  by  the  author,  in  which  two  platinum 
tubes  were  suspended  over  platinum  cups  in  an  exhausted  receiver, 
the  two  tubes  being  cooled  internally  by  the  circulation  of  water. 
They  thus  served  as  condensers,  so  that  the  condensed  water  ran 
down  into  the  platinum  cups,  and  its  conductivity  could 
be  measured  between  tube  and  cup  as  electrodes.  The  water  over- 
flowed the  cups  and  was  thus  redistilled  continuously.  The  water 
circulation  passed  from  one  tube  to  the  other,  so  that  there  waa  a 
slight  difference  of  temperature  between  the  condensing  tubes,  one 
being  at  about  18°  and  the  other  at  about  20°.  This  apparatus 
did  not  give  the  anticipated  results,  but,  incidentally,  an  important 
observation  was  made  which  led  to  the  construction  of  the  still 
which  is  the  subject  of  this  paper.  It  was  observed  that  the  cooler 
tube  always  condensed  the  purer  water,  as  measured  by  its  con- 
ductivity, which  suggested  the  presence  of  a  volatile  organic  im- 
purity having,  a  slightly  higher  boiling  point  than  water,  and  the 
possibility  of  separating  such  impurity  on  a  practical  scale  by  a 
process  of  fractionation  depending  on  the  use  of  surfaces  of  different 
temperatures. 

The  production  of  water  of  a  high  degree  of  purity  for  conduc- 
tivity work  with  dilute  solutions  is  a  matter  of  great  importance, 
and  the  object  of  the  still  which  forms  the  subject  of  the  present 
communication  is  to  effect,  by  a  single  continuous  operation,  the 
preparation  of  large  quantities  of  water  having  a  conductivity  not 
greatly  exceeding  one  gemmho,  a  value  that  may  be  taken  as 
typical  of  a  thoroughly  good  sample  of  conductivity  water.  This 
result  has  been  achieved  by  a  process  of  fractional  distillation,  in 
which  water  is  continuously  distilled  and  fractionally  condensed  on 
surfaces  differing  in  temperature  and  in  the  material  of  which  they 
are  constructed.  As  is  indicated  below,  this  method  of  purification 
has  been  found,  without  any  preliminary  purification,  to  produce 
water  at  least  equal  in  purity  to  that  prepared  by  the  three  opera- 
tions of  Stas'  method.  The  still  can  be  run  continuously  day  and 
night,  and  it  is  possible  to  collect  every  twenty-four  hours  some 
ten  litres,  with  no  further  trouble  than  that  necessitated  by  the 
occasional  cleaning  of  the  still. 
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Experimental. 

The  apparatus  consists  of  two  parts,  a  still  and  a  condenser,  and 
the  general  arrangement  of  these  is  shown  in  Fig.  1. 

(1)  The  still,  shown  in  section  in  Fig.  2,  was  specially  designed 
to  prevent  particles  of  spray  from  being  carried  over  with  the 
steam.  The  copper  cylinder  which  forms  the  boiler  is  furnished 
with  a  branch-pipe.  A,  and  the  water  to  be  distilled  is  fed  con- 


FlG.    1. 


iinuously  into  the  opening,  B,  the  excess  of  water  escaping  at  F. 
The  circulating  water  from  the  hottest  condensing  tube  is  used 
for  the  feed  water.  Tlio  steam  ascending  from  the  boiling  water 
passes  upwards  to  the  top  of  the  cylinder,  then  down  through  holes 
in  a  series  of  baflle-platcs,  and  finally  upwards  through  a  central 
tube,  from  which  it  is  delivered  to  the  condenser.  The  spray,  which 
it  driven  against  the  baffle-plates,  runs  down  the  sides  of  the  funnel 
D  and  back  iiilo  (ho  water  below.     An  extoriial  covering,  K  K,  of 
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galvanised  sheet  iron,  serves  to  economise  the  heat  of  the  burner, 
and  helps  also  to  dry  the  steam. 

(2)  The  condenser  shown  in  Fig.  3  consists  of  a  box  of  sheet 
copper  with  a  lid>  which  has  four  openings  with  inclined  sides. 
These  openings  serve  to  support  four  glass  teet-tubes,  cooled  by 
circulating  water.  Through  two  of  the  test-tubes,  a  rapid  flow  of 
water  passes,  and  from  these  the  best  water  is  collected  by  means 


Fig.  2. 


of  the  glass  funnels  1  and  2.  Through  the  other  tubes  water  passes 
very  slowly,  becoming  finally  heated  to  60°  to  80°;  this  water  is 
used  to  feed  the  still,  and  serves  also  to  condense  a  small  quantity 
of  distilled  water,  which  is  collected  by  the  funnels  3  and  4 ;  this 
distilled  water  has  a  higher  conductivity  and  is  of  poorer  quality 
than  that  collected  from  the  cold  tubes  by  the  funnels  1  and  2. 
About  one-third  of  the  water  distilled  condenses  on  the  surface  of 
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the  copper  box,  and  is  collected  from  the  copper  tube  5.  The 
arrangement  of  the  tubes  is  usually  that  shown  in  Fig.  3,  the 
steam  from  the  still  being  delivered  from  a  glass  tube  against  the 
further  wall  of  the  copper  box  directly  above  the  tube  5. 

(3)  The  Water. — The  conductivity  of  the  water  produced  depends 
to  some  extent  on  the  conditions  under  which  the  still  is  used. 
When  using  the  water  of  the  West  Middlesex   Company  in  the 

Fig.  3. 


^  If  I 


author's  laboratory  at  Hendon,  typical  values  for  the  five  samples 
wore — 


1. 


2. 
1-2 


3. 
19 


K,g  =  \"2,  \"i,  1  "9  4  4  gcmuihos. 

With  slightly  different  conditions,  values  obtained  were — 


4. 
1-6 


1.  2.  8. 

K,a  =   11  ra  1*3  1-6  7  gcmmhos. 

The  addition  of  alkali  to  the  water  in  the  still  in  order  to  hold 
back  carbon  dioxide  was  found  to  bo  an  advantage,  but  a  more 
marked  improvoment  on  these  numbers  was  obtained  by  adding 
potaMiUfn  hydrogen  sulphate  in  order  to  hold  back  ammonia  and 
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basic  impurities.  Although  the  distillate  was  not  wholly  free  from 
ammonia,  all  the  fractions  were  found  to  have  a  very  low  con- 
ductivity, as  is  shown  by  the  two  series — 

1.  2.  3,  4.  5. 

Kig  =  1-0  10  0-96  1-3  SOgemmhos. 

*fi8  =11  1-6  1-1  —  8-1       „ 

Under  these  conditions,  the  normal  product  of  the  coolest  tube 
of  the  still  is  gemmho-water,  and  this  can  be  produced  in  any 
desired  quantity  by  the  method  now  described.  By  storing  this 
water  in  a  large  bottle  in  contact  with  air  freed  from  carbon 
dioxide  by  means  of  lime,  its  conductivity  can  be  reduced  to  0-75, 
and  a  further  improvement  can  be  effected  by  boiling,  as  described 
on  p.  746. 

When  a  duplicate  still  was  installed  in  one  of  the  chemical 
laboratories  at  the  Central  Technical  College,  South  Kensington, 
the  average  conductivity  of  the  five  samples  was — 

1.  -i.  3.  4.  5. 

Kjg  =  1*7  2 '3  5  15  to  20  gemmhos. 

Although  these  values  are  inferior  io  those  recorded  above,  they 
were  nevertheless  more  favourable  than  those  obtained  by  Stas' 
method  under  the  same  conditions.  At  the  end  of  three  successive 
distillations  fi'om  potassium  permanganate  and  acid  sulphate, 
finally  through  a  silver  tube,  the  conductivity  of  the  water  did  not 
fall  below  2  to  3  gemmhos,  and  the  product  was  thus  inferior  to 
that  separated  in  a  single  operation  by  continuous  fractional  dis- 
tillation. To  prepare  gemmho-water  in  the  atmosphere  of  a 
chemical  laboratory  is,  in  any  case,  a  somewhat  difficult  task,  and 
Stas'  method  was  found  to  have  no  advantage  over  the  continuous 
process  described  above. 

Although  the  quantity  of  water  condensed  on  the  hottest  test 
tubes  is  always  small,  its  presence  seems  to  be  essential  for  the 
successful  working  of  the  still,  and  a  large  increase  in  the  copper 
condensing  surface  was  found  inadequate  to  compensate  for  the 
removal  of  these  tubes. 

The  relative  purity  of  the  difiFerent  samples  of  water  is  consider- 
ably varied  by  varying  the  rate  of  flow  of  the  condensing  water. 
It  is  usually  convenient  to  make  the  rate  of  flow  through  tubes  3 
and  4  just  sufficient  to  supply  a  slight  excess  of  feed  water  for  the 
still.  Under  these  conditions,  the  quality  of  water  condensed  in 
tube  4  is  greatly  inferior  to  the  product  of  tube  3.  If  this  rate 
of  flow  is  increased,  the  quantity  and  quality  of  the  product  of 
tube  4  are  increased,  slightly  at  the  expense  of  all  the  other  tubes. 

It  is  the  author's  piactice,  each  morning  and  night  when  the 
still   is  working,  to   test  the   product  of   each   tube   by   taking   its 
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conductivity  and  to  pour  off  the  water  into  a  series  of  large  stock- 
bottles,  which  are  graduated  according  to  conductivities.  With 
the  accumulation  of  impurities  in  the  still,  the  quality  of  the  pro- 
duct deteriorates,  and  if  the  still  is  running  continuously  it  should 
be  cleared  of  slime  through  the  opening  A,  and  washed  out  through 
the  same  opening  every  two  or  three  days. 

(4)  Glass  versus  Platinum. — In  the  final  stage  of  Stas'  process, 
it  is  usually  considered  desirable  to  use  a  platinum  condenser.  The 
fouling  produced  by  bringing  purified  water  into  contact  with 
glass  is  undoubtedly  serious  when  soft  glass  is  used,  especially 
when  the  volume  of  water  is  small  or  the  temperature  high.  The 
difficulties  arising  from  the  solubility  of  glass  have,  however,  been 
greatly  over-estimated,  and  contact  with  the  atmosphere  appears  to 
be  by  far  the  most  serious  cause  of  fouling  in  the  case  of  purified 
water.  In  this  connection  it  is  of  interest  to  note  that  the  best 
water  that  has  yet  been  prepared  (Kohlrausch  and  Heydweiler, 
loc.  cit.)  was  purified  in  a  glass  vessel,  but  isolated  from  the  atmo- 
sphere by  exhausting  and  sealing.  In  purifying  water  by  con- 
tinuous fractional  distillation,  no  marked  advantage  is  derived  by 
using  condensing  tubes  of  platinum  in  place  of  glass.  When  two 
of  the  glass  test-tubes  and  funnels  were  replaced  by  platinum, 
better  water  was  obtained  from  cold  glass  tubes  in  positions  1  and 
2,  and  hot  platinum  tubes  in  positions  3  and  4,  than  with  the 
converse  arrangement. 

Although  no  advantage  is  derived  from  condensing  the  purified 
water  on  platinum  tubes,  a  very  great  improvement  results  when 
the  purified  water  is  boiled  for  a  few  minutes  in  a  platinum  bottle. 
By  this  process,  the  conductivity  may  be  reduced  by  as  much  as 
50  per  cent.,  and  the  reduction  in  conductivity  is  proportionately 
greatest  in  the  case  of  the  purest  samples  of  water.  The  water 
purified  by  boiling  usually  has  a  conductivity  of  about  0  8,  but 
samples  of  a  conductivity  as  low  as  0  6  have  been  obtained.  In 
one  instance,  a  sample  of  water  that  had  an  initial  conductivity 
0-84  at  18°  was  reduced  by  boiling  for  two  minutes  to  0  48;  this 
low  conductivity  represents  an  exceptionally  high  degree  of  purifi- 
cation, and  has,  it  is  believed,  only  been  excelled  by  Kohlrausch 
in  the  two  series  of  experiments  cited  in  the  earlier  portion  of  the 
paper. 

(5)  Ammonia  Determinations. — Although  the  still  was  designed 
primarily  for  the  preparation  of  purified  water  for  conductivity 
moasuremonts,  it  can  also  be  used  for  preparing  ammonia-free 
watej.  A  considerable  number  of  ammonia  determinations  have 
been  made,  and  the  proportion  of  ammonia  in  the  difTcrent  samples 
has   boon   found    to   corrcHpoiid    roughly    willi  their   electrical  con- 
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ductivity.  An  exception  is  found  in  the  case  of  the  water  con- 
densed on  copper  surfaces,  which  has  a  higher  conductivity  than 
might  be  expected  from  its  content  of  ammonia.  This  high  con- 
ductivity may  be  due  either  to  non-volatiie  impurities  carried  over 
as  spray  from  the  still,  or  to  metallic  impurities  derived  from  the 
copper  box.  The  following  table  shows  the  relationship  between 
the  electrical  conductivity  and  the  proportion  of  ammonia  in  two 
series  of  samples  prepared  with  the  help  of  potassium  hydrogen 
sulphate : 

K,),.  Aiuinouiu.  «|g.  Aiumouia. 

0001  11  None 

0  001  1«  Tnwre 

0007  11  0-001 

0007  —  — 

0004  S-1  0005 

In  the  first  series,  the  hot  tubes  (3  and  4)  were  of  platinum  and 
the  cold  tubes  of  glass ;  in  the  second  series,  this  arrangement  was 
revei-sed.  The  whole  of  the  ammonia  in  the  distilled  water,  ex- 
pressed in  parts  per  100,000  in  the  above  table,  was  in  the  "free" 
state,  but  before  distillation  the  ammonia,  amounting  altogether  to 
barely  0  001/100,000,  was  for  the  most  part  combined. 

The  thanks  of  the  author  are  due  to  Dr.  T.  M.  Lowry,  under 
whose  care  the  still  at  the  Central  Technical  College  was  installed, 
and  who  supplied  the  data  obtained  from  the  use  of  the  still  at  the 
College,  and  also  made  the  foregoing  ammonia  determinations. 


1. 

10 

•> 

10 

3. 

0-9ti 

4. 

1-3 

5. 

30 

LXXVI. — The  Influence  of  the  Hydroxyl  and  Alkoxyl 
Groiips  on  the    Velocity  of  Saponification.     Part  I. 

By  Alexander  Findlay  and  William  Ebnest  Stephen  Turner,  M.Sc. 

Although  many  investigations  have  been  undertaken  for  the  purpose 
of  obtaining  some  insight  into  the  influence  of  constitution  on  the 
velocity  of  ester  formation  under  the  influence  of  mineral  acids,  more 
especially  in  the  case  of  the  substituted  benzoic  and  acetic  acids 
(Menschutkin,  Victor  Meyer,  Meyer  and  Sudborough,  Goldschmidt, 
Kellas,  Sudborough  and  Lloyd,  Wegscheider,  and  others),  compara- 
tively little  systematic  work  has  been  done  on  the  rate  of  saponifica- 
tion of  esters  by  alkalis  as  affected  by  constitution.  In  the  case  of 
esterification  of  acids  in  presence  of  hydrochloric  acid,  it  was  found 
that  substitution  diminishes,  in  every  case,  the  velocity  of  esterifica- 
tion,   and    this    influence  is  specially  prominent  in  the  case  of  the 
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ortho-substituted  benzoic  acids.  In  all  such  cases,  it  is  apparently 
the  mass,  not  the  chemical  nature  of  the  substituent,  that  is  of  im- 
portance. The  retarding  influence  of  substitution,  however,  is  ob- 
served not  only  in  the  case  of  the  substituted  benzoic  acids,  but  also 
in  the  case  of  the  substituted  acetic  acids  (Sudborough  and  Lloyd, 
Trans.,  1898,  73,  81  ;  1899,  75,  467). 

"Whilst  with  regard  to  hydrolysis  by  hydrochloric  acid  the  general 
rule  applies  that  esters  which  are  formed  with  difficulty  under  the 
influence  of  hydrochloric  acid  are  also  hydrolysed  with  difiiculty  (V. 
Meyer,  Ber.,  1895,  28,  1262;  compare  Kistiakowsky,  Zeit.  jyhysikal. 
Chem.,  1898,  27,  250),  the  same  does  not  apply  to  saponification  with 
alkali  (compare  Kellas,  Zeit.  physikal.  Chem.,  1897,  24,  243;  van 
Dyken,  Rec.  Trav.  chim.,  1895,  14,  106).  In  this  case,  the  effect  of 
substitution  varies  with  the  nature  of  the  substituent.  Thus,  whilst 
substitution  of  hydrogen  by  alkyl  groups  in  acetic  acid  diminishes  the 
velocity  of  saponification,  replacement  of  hydrogen  by  halogens  in- 
creases the  velocity  of  saponification  (Sudborough  and  Feilman,  Proc, 
1897,  13,  241).  Although,  in  these  cases,  the  velocity  of  saponifica- 
tion increases  with  the  strength  of  the  acid,  other  cases  are  known 
where  this  is  not  so ;  as,  for  example,  in  the  case  of  the  saponification 
of  the  esters  of  the  substituted  malonic  acids  (Hjelt,  Ber.,  1896,  29, 
110;  1864,  31,  1844).  There  are  other  factors,  therefore,  such  as 
steric  influences,  affecting  the  velocity  of  saponification  of  an  ester, 
and  if  the  effect  of  different  substituting  groups  be  studied,  it  can 
easily  happen  that  the  steric  influences  may  counterbalance  or  over- 
balance the  influence  of  the  particular  substituting  group  on  the 
strength  of  the  acid.  To  determine  in  how  far  ease  of  saponification 
of  an  ester  runs  parallel  with  the  strength  of  the  acid  from  which  it 
is  formed,  it  will  be  necessary  to  eliminate  the  steric  influences  as  far 
as  possible,  and  to  study  the  effect  of  introduction  of  some  particular 
substituent  on  the  strength  of  different  acids  and  the  rate  of  saponi- 
fication of  the  esters  derived  from  them. 

As  no  measurements  have  yet  been  made  of  the  effect  of  the 
hydroxyl  group  on  the  velocity  of  saponification  of  esters  of  the  fatty 
series,  we  resolved  to  study  this,  as  well  as  the  effect  of  substituting 
the  hydrogen  of  the  liydroxyl  group.  The  results  of  the  first 
measurements  in  tluH  direction  arc  given  in  the  present  communication. 

That  the  introduction  of  the  hydroxyl  group  into  an  ester  greatly 
increases  the  velocity  of  HajKJuification  is  well  known.  One  need 
only  refer  to  the  ready  saponifiability  of  ethyl  lactate  as  compared 
with  that  of  ethyl  propionate.  Thu  quaiititativu  influence  of  this 
Bubstitution  has  also  been  obtained  indirectly  in  the  case  of  the  euolic 
form  of  ethyl  acetoacetate  (Qoldschmidt,  Ber.,  1 900, 33,  1 150).  As  the 
velocity  of  saponification  of  the  esters  of  lactic  acid  is  too  groat  to  bo 
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measurable,  we  chose  for  investigation  the  esters  of  mandelic  acid, 
on  which  measurements  can  be  made,  although  with  difficulty. 
Measurements  were  carried  out  not  only  in  aqueous  solution  (except 
in  the  case  of  ethyl  phenylpropoxy acetate,  which  is  too  sparingly 
soluble),  but  also  in  30  and  60  per  cent,  alcohol  reckoned  by  weight. 
The  temperature  was  25°  in  all  cases  ;  for  although  the  ready  saponifi- 
ability of  the  esters  made  it  advisable  to  work  at  a  lower  temperature, 
the  sparing  solubility  of  some  of  the  esters  rendered  this  course 
impossible. 

In  carrying  out  the  measurements,  10  c.c.  of  the  reaction  mixture 
were  run  into  excess  of  standard  hydrochloric  acid,  and  the  excess  of 
acid  titrated  with  a  solution  of  caustic  soda.  Since  the  velocity  of  the 
reaction  is  so  great,  an  error  in  the  determination  of  the  time  of 
mixing  and  of  stopping  the  reaction  becomes  somewhat  serious.  We 
sought  to  diminish  this  as  far  as  possible  by  noting  the  time  occupied 
in  mixing  the  solutions,  as  well  as  that  required  for  the  pipette  to 
deliver,  and  the  mean  point  of  these  intervals  was  taken  as  the  time 
at  which  the  reaction  was  started  or  stopped.  The  saponification 
constant  was  calculated  by  the  usual  formula  for  a  reaction  of  the 

,      ,       ,     2-302x10.     Tt(To-TJ 
second  order,  k  =  — ^,   y^     log^ (T  -T  \ 

The  values  of  the  saponification  constants  in  aqueous  solution  are  as 
follows  (see  Tables  1 — 6) : 

Ester.  *,  Ester.  k: 

Ethyl  phenylacetate   12'4  Ethyl  phenylraethoxyacetate...     233 

Methyl  mandelate 157  Ethyl  pheiiylethoxyacetate    ...     157 

Ethyl  inandelate    66  Ethyl  phenylpropoxyacetate  ...  (13'3) 

Propyl  mandelate  55 

In  the  case  more  especially  of  methyl  mandelate,  the  velocity  of 
saponification  is  so  great  that  more  than  half  the  reaction  had  taken 
place  during  the  first  minute,  so  that  only  the  second  half — in  the  case 
of  the  sti'onger  solutions  only  the  last  third — of  the  reaction  could 
be  measured.  This  fact  introduces  some  uncertainty  into  the  results, 
but  it  is  evident  from  the  agreement  between  the  results  of  different 
experiments  at  different  concentrations  that  the  values  obtained  for 
the  saponification  constants  are  in  any  case  fairly  approximate. 

The  numbers  in  the  foregoing  table  show  at  once  the  greatly 
accelerating  influence  which  the  hydroxyl  group  exercises  on  the 
velocity  of  saponification  of  ethyl  phenylacetate,  the  saponification 
constant  being  inci-eased  to  more  than  five  times  its  previous  value. 
With  this  we  may  compare  the  influence  of  the  hydroxyl  group  on  the 
affinity  constants  of  the  acids.  Whereas  the  affinity  constant  of 
phenylacetic  acid  is  0*00502,  that  of  mandelic  acid  is  0  0417,  or  about 
eight  times  as  great. 
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On  replacing  the  hydrogen   of  the  hydroxy!   group  by   an   alkyl 

substituent,  the  velocity  of  saponification  is  greatly  diminished,  and 

the  diminution  increases  with  increase  in  the  mass  of  the  alkyl  group. 

Tn  the  case  of  ethyl  phenylpropoxyacetate,  the  saponification  velocity 

could  not  be  determined  in  aqueous  solution  on  account  of  the  sparing 

solubility  of  the  ester.     The  number  given  in  the  foregoing  table  was 

calculated   as   follows :    the  saponification  constant  of  ethyl  phenyl- 

methoxyacetate  in  60  per  cent,  aqueous  alcoholic  solution  was  taken 

as  being  7'97  (Table   17),  and  that  for  ethyl  phenylpropoxyacetate, 

4*77  (Table  19).     Since  the  saponification  constant  of  ethyl  phenyl- 

methoxyacetate  in  aqueoas  solution  is  23'3,  then,  if  the  influence  of 

the  alcohol  in  the  solution  is  the  same  on  the  saponification  of  the 

proproxy-  as  of  the  methoxy-ester,  the  saponification  constant  of  the 

4*77  X  23*3 
former  in  aqueous  solution  should  be    -  „^^.„ — -  =139.     In  the  same 

way,  from  the  numbers  for  ethyl  phenylethoxyacetate  (Table  1 8),  the 
value  of  the  saponification  constant  was  calculated  to  be  12*7.  As 
the  mean  of  the  two  numbers,  13  3  was  taken  ;  it  can,  however,  be 
regarded  only  as  approximate. 

If  we  take  this  value  for  the  saponification  constant  of  ethyl 
phenylpropoxyacetate  as  approximately  correct,  we  find  that  the  effect 
of  increase  in  the  mass  of  the  alkyl  group  is  a  regular  one,  the  ratios 
between  the  constants  for  ethyl  mandelate  and  for  ethyl  phenyl- 
methoxyacetate,  ethyl  phenylethoxyacetate  and  ethyl  phenylpropoxy- 
acetate respectively  being  very  nearly  2'8:1,  3  8:1,  4*8 : 1.  The 
comparison  between  the  velocities  of  saponification  and  the  affinity 
constants  of  the  acids  from  which  they  are  derived  cannot  yet  bo 
made,  but  we  hope  soon  to  be  in  a  position  to  do  so. 

The  influence  of  substitution  on  saponification  can  also  be  readily 
8«en  by  comparing  the  substituted  esters  with  the  esters  of  acetic 
acid.  In  the  following  table,  the  values  of  the  saponification 
of  methyl  and  propyl  acetates  have  been  calculated  from  the  figures 
obtained  by  Reicher  {Ainuden,  1885,  228,  257),  whilst  that  for 
ethyl  acetate  was  determined  by  Messrs.  Schmidt  (/ier.,  1899,  32, 
3396) : 

EHter.  /•.  KsttT.  k. 

Methyl  acotJitc ii-tltj  Motliyl  maiulolatc 157 

Ktliyl  acetate    6  94  Ethyl  inandc^lato    66 

I'rojiyl  ftcctatc  6'31  I'lojiyl  iniuuhilato 55 

Ethyl  iilicnyhicctate 12 "4 

From  thin  tablo,  it  is  seen  tliat  the  velocity  constants  of  the 
mandelates  are  about  10  timeH,  in  tl»o  case  of  methyl  mandelate 
about  16  times,  as  great  as  those  for  the  corresponding  acetates. 
ThiM  incroaHo  in  the   saponiCiciition    constant    is,  of    course,  due    to 
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two  substitutions ;  firstly,  to  substitution  of  hydrogen  by  the  phenyl 
group,  which  raises  the  saponification  constant  of  the  ethyl  ester 
from  694  to  12*4,  or  by  nearly  18  times;  and  secondly,  to  introduc- 
tion of  the  hydroxyl  group,  which  further  increases  the  velocity 
constant  5*3  times.  If,  now,  it  is  assumed  that  a  given  substitu- 
tion always  produces  the  same  relative  increase  in  the  saponification 
constant  of  an  ester,  just  as  one  finds  it  to  do  so  approximately 
in  the  case  of  the  affinity  constants  of  acids  (Wegscheider,  Monatih.y 
1902,  23,  289),  one  should  be  able  to  calculate  the  value  of  the 
saponification  constants  of  methyl  and  propyl  mandelates  from  the 
value  of  the  constants  for  the  corresponding  acetates.  In  this  way 
one  obtains,  for  methyl  mandelate,  9*66  x  1*8  x  5  3»92  (instead  of 
the  experimentally  determined  value  157),  and  for  propyl  mandelate, 
531  X  1*8x5  3  =  51  (instead  of  the  experimental  value  55).  From 
this  it  will  be  seen  that  whilst  the  saponification  constants  of  the 
ethyl  and  propyl  esters  are  equally  affected  by  the  substitutions, 
the  methyl  ester  is  affected  to  a  much  larger  degree.  As  we  do 
not  possess  the  value  of  the  saponification  constant  of  methyl  phenyl* 
acetate,  it  is  not  possible  to  say  whether  the  abnormal  influence  of 
the  substituent  is  found  in  both  stages  of  the  substitution  between 
methyl  acetate  and  mandelate,  or  only  in  one. 

In  the  hydrolysis  of  esters  under  the  influence  of  acids,  it  has  been 
shown  (compare  Hemptinne,  Zeit.  phytikal.  Cham.,  1894,  13,  389; 
Loewenherz,  ibid.,  15,  561)  that  the  ratio  of  the  hydrolysis  constants 
of  the  methyl  and  ethyl  and  of  the  ethyl  and  propyl  esters  of  the 
fatty  acids  is  constant,  no  matter  what  the  acid  is.  When  one  com- 
pares the  saponification  constants  of  the  esters  of  acetic  and 
mandelic  acids,  it  is  found  that  whilst  the  ratio  of  the  constants  for 
the  ethyl  and  propyl  esters  is  the  same,  namely,  6  :  5,  there  is  no 
agreement  between  the  ratios  for  the  methyl  and  ethyl  esters.  Thus 
in  the  case  of  the  acetates,  the  ratio  of  the  constants  is  approxi- 
mately 3  :  2,  and  in  the  case  of  the  mandelates  48  :  2.  Although  it  is 
not  impossible  that  a  portion  of  this  deviation  may  be  due  to 
inaccuracy  in  the  determination  of  the  saponification  constant  of 
methyl  mandelate,  we  do  not  think  that  the  whole  of  the  deviation 
can  be  thus  accounted  for. 

It  is  somewhat  remarkable  that  the  ratios  of  constants  for  ethyl 
phenylmethoxyacetate  and  ethyl  pheny let hoxy acetate,  and  for  ethyl 
phenylethoxyacetate  and  ethyl  phenylpropoxyacetate,  are  very  approxi- 
mately 3  :  2  and  6  :  5.  Whether  this  is  merely  a  coincidence  cannot 
yet  be  said.  It  must  be  remembered  that  the  constant  for  the  ethyl 
phenylpropoxyacetate  has  only  been  obtained  indirectly. 

On  account  of  the  ready  saponifiability  and  the  sparing  solubility 
of  some  of  the  esters   in    water,    measurements   of   the   velocity    of 
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saponification  were  also   carried  out^  in  aqueous  alcoholic    solution. 
The  results  are  given  in  the  following  table  (see  Tables  7 — 19) : 

In  30  per  cent.      In  60  per  cent. 

alcohol.  alcohol. 

k.  k. 

Ethyl  phenylacetate 86  (6) 

Methyl  mandelate   (109)  (84) 

Ethyl  mandelate 49-4  29-1 

Propyl  mandelate    39-5  227 

Ethyl  phenylmethoxyacetate 15"2  (8) 

Ethyl  phenylethoxyacctate    10 '2  (6) 

Ethyl  phenylpropoxyacetate —  (5) 

In  30  per  cent,  aqueous  alcoholic  solutions,  fairly  concordant  values 
of  the  saponification  constant  could  be  obtained,  except  in  the  case  of 
methyl  mandelate ;  but  in  60  per  cent,  alcoholic  solutions  there  was 
a  considerably  greater  falling  off  in  the  constant  as  the  reaction 
proceeded,  and  the  values  of  the  constants  given  are  therefore  all  more 
or  less  approximate.  This  applies  also  to  some  extent  to  the  constants 
given  for  ethyl  and  propyl  mandelates  (Table  16),  although,  as  the 
falling  off  in  the  value  of  the  constants  was  not  so  great,  we  have 
ventured  to  take  the  mean. 

Certain  other  irregularities  also  were  met  with  in  the  case  of  the 
saponification  in  alcoholic  solution,  but  as  it  is  proposed  by  one  of  us 
to  continue  the  investigation  of  the  saponification  velocities  in  alcoholic 
solution,  the  discussion  of  these  may  be  left  over  until  further  data 
have  been  obtained. 

Experimental. 

Methyl  Mandelate. — By  the  action  of  methyl  iodide  on  silver  mandel- 
ate, Naquet  and  Louguinine  (Annalen,  1866,  139,  299)  obtained  a 
product  melting  at  113 — 114°,  whilst  Breuer  and  Zincke  {£er.,  1880, 
13,  636),  using  the  same  method,  obtained  a  product  melting  at 
47 — 48°.  This  method  was  also  employed  by  Rupe  (Ber.,  1895,  28, 
259),  who  found  the  melting  point  to  be  52°. 

The  process  which  we  employed  is  based  on  the  general  method 
given  by  Fischer  and  Speier  {Ber.,  1895,  28,  3254).  Twenty  grams 
of  mandelic  acid  were  mixed  with  60  grams  of  pure  methyl  alcohol 
and  6  grams  of  concentrated  sulphuric  acid,  and  the  mixture  heated 
on  the  water-bath  for  5  hours.  Most  of  the  alcohol  was  then  distilled 
off  and  the  residue  poured  into  water.  The  solution  was  neutralised 
with  Hodium  carbonate,  the  ester  extracted  with  ether,  and  the  ethereal 
Bolution  dried  over  sodium  sulphate.  After  evaporating  off  the  ether, 
the  residue  was  distilled  under  30  mm.  pressure,  when  a  colourless  oil 
pMsed  over  at  a  temperature  of  163°  and  quickly  solidified  in  the 
receiver.  Tlio  yield  was  175  grams.  After  cryHtallising  from  ligroin 
alone  and  from  a  mixture  of  ligi-oiu  and  benzene,  the  melting  point 
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of  the  ester  was  found  to  be  57°;*  it  boiled  at  250°  with  slight 
decomposition. 

This  method  has  also  been  used  by  Acree  {Ber.,  1904,  37,  2767), 
who  gives  the  melting  point  as  58^^. 

01887  gave  01030  H,0  and  04503  COy     C-65-1 ;  H-606. 
0-1884     „     0-1040  HgO    „    0 '44 9 6  CO j.     C  =  65  0;  H  =  6-13. 
CgHigOg  Tcquires  C  =  6506  ;  H  =  6-07  per  cent. 

Ethyl  MaiuUlate. — In  preparing  this  ester,  we  employed  Fischer  and 
Speier's  method,  which  had  previously  been  used  by  McKenzie  (Trans., 
1899,  75,  755).  The  latter  gives  the  melting  point  as  37°,  but  we 
failed,  even  by  repeated  crystallisation  from  ligroin  and  from  ethyl 
acetate  and  ligroin,  to  raise  the  melting  point  higher  than  29°. 

0-1712  gave  01072  H^O  and  0-4187  CO,.     0-66-7;  H-6-95. 
OjqHjjOj  requires  C  =  66-66  ;  H  —  6*66  per  cent. 

Propyl  ManJelate. — Twenty  grams  of  mandelic  acid  were  mixed 
with  80  grams  of  propyl  alcohol  and'6  grams  of  concentrated  sulphuric 
acid,  and  the  mixture  heated  in  an  oil-bath  at  110 — 115°  for  7  hours. 
The  product  was  then  treated  as  in  the  preparation  of  methyl  mandel- 
ate.  A  colourless  oil  was  obtained  which  distilled  at  145°  under 
12  mm.  pressure,  and  t^olidified  in  needles  on  immersion  in  a  freezing 
mixture.  The  ester  melted  at  14 — 15^  and  boiled,  with  partial 
decomposition,  at  263^.     The  yield  was  20  grams. 

0-1976  gave  01328  HjO  and  04894  CO..     0  =  675  ;  H-7-47. 
CnHj^Og  requires  C  =  68*04  ;  H  =  728  per  cent. 

Ethyl  Ph&nylchloroacetate. — In  order  to  obtain  the  alkoxyl  deriv- 
atives of  phenylacetic  acid,  it  was  first  necessary  to  prepare  ethyl 
phenylchloroacetate. 

First  method  :  Three  hundred  and  fifty  grams  of  ethyl  mandelate  were 
dissolved  in  a  moderate  volume  of  chloroform  in  a  large  flask,  and  416 
grams  of  phosphorus  pentachloride  added  in  small  quantities  from  time 
to  time.  The  mixture  was  then  warmed  on  a  water-bath  at  about  50° 
until  no  further  action  occurred.  The  excess  of  phosphorus  pentachloride 
was  destroyed  by  cautious  addition  of  water,  and  the  heavy  oil  which 
separated  out  was  washed  with  water  ;  it  was  then  treated  with  sodium 
carbonate  until  slightly  alkaline,  and  the  ester  then  extracted  with 
chloroform.  The  solution  was  dried  over  fused  sodium  sulphate  and 
distilled  under  reduced  pressure.     Under  19  mm.  pressure,  a  nearly 

*  When  first  prej^red,  the  melting  jwint  was  found  to  be  54%  but  when  this 
was  again  determined,  after  the  lapse  of  about  a  year,  the  substance  was  found 
to  melt  at  57\ 
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colourless  oil  passed  over  at  142°.     On  analysis,  it  showed  no  trace  of 
phosphorus. 

0-2429  gave  0-1792  AgCl.     01=18-24. 
0-2246     „     0-1602  AgCl.     01  =  17-63. 

OjoHjjOgOl  requires  01  =  17-85  per  cent. 

Second  method  :  Fifteen  grams  of  ethyl  mandelate  were  treated 
with  42  grams  of  thionyl  chloride,  and  the  mixture  was  heated  for 
8  hours  on  the  water-bath  in  a  reflux  apparatus.  The  excess  of  thionyl 
chloride  was  removed  by  warming  on  the  water-bath,  and  the  residue 
distilled  under  reduced  pressure.  A  colourless  oil  was  obtained  which 
boiled  at  143°  under  25  mm.  pressure,  the  yield  being  14  grams. 

0-2796  gave  0-2032  AgOl.     01  =  17-97  per  cent. 
0-3056     „     0-2199  AgOl.     01=17-79       „ 

Preparation  of  the  Alkoxyl  Esters. 

The  methyl  ester  of  phenylmethoxyacetic  acid  was  prepared  by 
Meyer  and  Boner  {Annalen,  1883,  220,  45)  by  acting  on  methyl  phenyl- 
chloroacetate  with  sodium  methoxide  in  methyl-alcoholic  solution,  and 
obtained  as  a  pure  product  after  two  distillations.  We  endeavoured 
to  utilise  this  method  for  the  preparation  of  the  alkoxyl  derivatives  of 
ethyl  mandelate,  but  although  quite  a  number  of  experiments  were 
carried  out  with  sodium  methoxide,  ethoxide,  and  propoxide,  we  found 
it  a  matter  of  the  greatest  difficulty,  and  in  some  cases  we  were 
unable  to  obtain  alkoxyl  esters  quite  free  from  chlorine.  Even  after 
thrice  repeating  the  treatment  with  sodium  ethoxide,  a  small  quantity 
of  the  phenylchloroacetate  appeared  to  have  escaped  decomposition. 
It  was  found  impossible  to  effect  a  separation  of  the  alkoxyl  ester 
from  the  cbloro-ester  by  fractional  distillation  under  reduced  pressure, 
although  this  could  be  done  by  fractionation  under  atmospheric 
pressure.  The  process,  however,  was  very  troublesome  and  was 
accompanied  by  loss  of  ester,  so  that  the  above  method  of  preparation 
was  abandoned. 

It  may  be  mentioned  that  exactly  similar  results  were  obtained  with 
ethyl  phenylchloroacetate  prepared  by  the  action  of  thionyl  chloride 
as  from  specimens  obtained  by  the  action  of  phosphorus  pentachloride, 
80  that  the  difficulty  experienced  in  getting  rid  of  all  the  chloro- 
compound  couM  not  have  been  due  to  chlurination  in  the  benzene  ring. 

Although  wo  did  not  investigate  the  matter  further,  it  may  be 
fitated  that  replacement  of  chloritio  by  the  alkoxyl  group  took  place 
with  greater  rcadinoss  in  the  case  of  sodium  methoxide  than  in  that 
of  Hodiutii  ethoxide,  n)id  thin,  in  turn,  with  greater  case  than  in  t)ie 
caite  of  the  propoxide.     ISiticc  it  is  not  at  all  improbable  that  the  methyl 
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ester  of  phenylchloroacetic  acid  is  more  reactive  than  the  ethyl  ester, 
the  success  of  the  reaction  in  the  prepai-ation  of  methyl  methoxy- 
mandelate  by  Meyer  and  Boner  can  l>e  understood.  We  hope,  however, 
to  be  able  at  a  later  date  to  undertaice  a  quantitative  study  of  the 
replacement  of  the  chlorine  by  the  alkoxyl  group  in  the  above 
reaction. 

Ethyl  rhtnylnuthoxydcetate. — The  above  method  having  proved  un- 
successful, we  decided  to  prepare  first  the  free  phenylmethoxyacetic 
acid  and  to  esterify  this.  For  the  preparation  of  the  acid,  the  method 
of  Meyer  and  Boner  was  followed.  The  small  amount  of  chloro-e.>ter 
which  escaped  conversion  was  converted  into  sodium  mandelate  by  the 
action  of  caustic  soda,  and  could  thus  be  separated  by  crystallisation 
from  the  sodium  salt  of  phenylmethoxyacetate. 

Phenylmethoxyacetic  acid  was  isolated  by  decomposing  the  sodium 
salt  with  sulphuric  acid,  and  when  purified  by  crystallisation  from 
benzene  and  ligroin  melted  at  69°  (McKenzie,  Trans.,  189y,  75, 
760). 

Nine  grams  of  pure  phenylmethoxyacetic  acid  were  boiled  for  6 
hours  with  30  grams  of  absolute  ethyl  alcohol  and  2  grams  of  strong 
sulphuric  acid.  After  distilling  off  the  alcohol  and  neutralising  the 
residue  with  potassium  carbonate,  the  ester  was  extracted  with  ether, 
when  7  5  grams  of  a  colourless  oil  were  obtained,  boiling  at  Hl^  under 
26  mm.  pressure 

0-2014  gave  01 325  H.p  and  05027  CO,.     C  =  6806;  H-7*31. 
^uHiA  requires  C  =  6804 ;  H  =  7*28  per  cent. 

Ethyl  Phenyhthoocyacetate. — McKenzie  {loc.  cit.)  has  prepared  ethyl 
^phenylethoxyacetate  by  esterifying  the  free  acid  which  he  obtained  by 
acting  on  /-mandelic  acid  with  ethyl  iodide  and  silver  oxide.  For  the 
preparation  of  the  inactive  ester,  the  following  method  was  employed. 
Thirty  grams  of  ethyl  phenylchloroacetate  were  boiled  with  6  grams 
of  sodium  dissolved  in  100  grams  of  ethyl  alcohol  for  12  hours.  The 
resulting  ethoxy-ester,  which  contained  a  slight  admixture  of  the 
chloro-ester,  was  treated  with  caustic  soda,  whereby  sodium  phenyl- 
ethoxyacetate  was  obtained  as  a  mass  of  fine  needles  (compare 
Koerner  and  Radziszewski,  Zeit.  Chemie,  1868,  4,  143),  whil&t  the 
sodium  mandelate  formed  from  the  chloro-ester  present  remained  in 
solution.  The  sodium  salt  was  then  decomposed  by  means  of  sulphuric 
acid,  and  in  this  way  phenylethoxyacetic  acid  was  obtained  as  a  viscid, 
pale  yellow  oil,  which  could  not  be  made  to  crystallise.  An  analysis 
of  the  silver  salt  gave  Ag  =  37"39  per  cent.,  whereas  the  theory 
requires  3735. 

The  acid  was  then  esteritied  in  exactly  the  same  manner  as  phenyl- 
methoxyacetic acid.     Ethyl   phenylethoxyacetate  was  obtained  as  a 
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colourless  oil,  which  boils  at  134°  under  13  mm.  pressure  and  at  255° 
under  atmospheric  pressure. 

0-2018  gave  0-5090  CO2  and  0-1392  HgO.     C  =  68-8  ;  H  =  7-66. 
0-2092     „     0-5324  CO2    „   0-1437  H2O.     C  =  69-4 ;  H  =  7-63, 
CigHjgOg  requires  0  =  69*23  ;  H  =  7-69  per  cent. 

Ethyl  Plienylpropoxy acetate. — Thirty  grams  of  ethyl  phenylchloro- 
acetate  were  boiled  for  four  hours  with  120  grams  of  propyl  alcohol 
in  which  8  grams  of  sodium  had  been  dissolved.  After  removing  the 
salt  which  separated,  the  liquid  was  again  boiled  for  five  hours  with  a 
further  quantity  of  sodium  propoxide.  After  treating  the  extracted 
esters  with  caustic  soda  and  evaporating  to  dryness,  sodium  phenyl- 
propoxyacetate  was  obtained.  From  this  ester,  phenylpropoxyacetic 
acid  was  obtained  by  hydrolysing  with  sulphuric  acid,  and  as  it  is 
sparingly  soluble  was  freed  from  any  mandelic  acid  present  by 
washing  thoroughly  with  water.  The  acid  was  then  taken  up  with 
ether  and  the  ethereal  solution  dried  over  sodium  sulphate.  Phenyl- 
propoxyacetic acid  was  thus  obtained  as  a  light  yellow  oil,  the  yield 
being  14 — 15  grams.  Analyses  of  the  silver  salt  gave  Ag  =  35-55  and 
35-87  per  cent.,  whilst  theory  requires  Ag  =  35-85. 

The  ethyl  ester  of  phenylpropoxyacetic  acid  was  then  prepared  in  a 
manner  similar  to  that  used  for  the  esterification  of  the  phenyl- 
methoxy-  and  phenylethoxy-acids.  It  was  obtained  as  a  colourless 
oil  which  distilled  over  at  144°  under  13  mm.  pressure. 


0-2006  gave  051 07  CO.,  and  0-1462  H2O.     0  =  69-4;  H  =  8-l. 
0-2104     „     0-5422  OO2    „    0-1515  HgO.     0  =  70-3 ;  H  =  8-0. 
CigHjgOj  requires  0  =  70-2  ;  H  =  8*15  per  cent. 


Velocity    of   Sapoytijication.     A.     1 71    Aqueous    Solution. 
Table  I. — Ethyl  Phenylacetate. 

iV7160  ester;  i\71 50  NaOH. 

(a)  A:=12-42  [extreme  values,  11-69  and  12-99]. 

(b)  A:=12-43[      „  „       11-96    ,,    12-84]. 

General  mean  :  A;  =  12 '42. 

Table  II. — Methyl  Mandelate. 

First  series  :—N/30  ester  ;  iVySO  NaOH. 

(a)  A=167-l  [extreme  values,  151-9  and  164-7]. 

(b)  /t  =  166-5[      „  „      162-8    „    161-2]. 

Second  aeries :— i\^/60  ester ;  N/QO  NaOH. 

(a)    it=160'l  [extreme  values,  lf>3'8  and  1659]. 
(6)    A  =  166-8[      „  „      160-4    ,,    1609]. 

General  mean  :  167-4^ 
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Table  HI.— Ethyl  ManddaU. 
First  series :— ^/30  ester  ;  i^/30  NaOH. 

(a)    it  =  65-1  [extreme  valuer,  60  6  and  68  1]. 
(6)     *=64-9[       „  „      61-8    „    67-4]. 

Second  series  :— iV/60  ester  ;  iV/60  NaOH. 

(a)    4=66 -9  [extreme  values,  63-7  and  69-9]. 
(6)     X:=68-7[       „  „      63  1    „    73-i]. 

General  mean  :  i  =  66°4. 

Table  IV. — Propyl  MandelaU. 

iV760  ester;  iV760  NaOH. 

(a)    k  =  55'Q  [extreme  values,  51 '1  and  58*0]. 
(6)    i  =  55-4[       „  „      52-4    „    58 -J]. 

General  mean  :  55 '5. 

Table  V. — Ethyl  PhenylmethoxyaeetaU, 
Nl^Q  ester  ;  -y/60  NaOH. 

(a)    J;:=23  4  [extreme  values,  22*7  and  24  0]. 
(6)    1=23  3  [       „  „      22-5    „    23  8]. 

General  mean  :  23  '3. 

Table  VI. — Ethyl  Phenyhthoxyacetate. 

A7150  ester;  NJlbQ  NaOH. 

(«)    it =15*6  [extreme  values,  14*8  and  17  "IJ. 
(i)    *=15-8[      „  „      150    „    17-9]. 

General  mean  :  15 '7. 

B.     Saponification    in    Aqueous-alcoholic    Solution* 
I.  Sohitions  containing  30  per  cent,  of  Alcohol. 

Table  VII. — Ethyl  Phenylacetate. 
First  series  i—N/iO  ester ;  i^/30  NaOH. 

(a)  i  =  8-62  [extreme  values,  824  and  910]. 

(b)  it=8-53[       „  „      819    „    8-97]. 

Second  series  : — iVyCO  ester ;  A^/QO  NaOH. 

(a)  *  =  8-67  [extreme  values,  8-43  and  9  02]. 

(b)  t=8-63[      „  „       8-21    „    9-01]. 
(e)    i-=8-60[      „  „       8-41    ,,    875]. 

General  mean  :  8 '61. 
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Table 

VIII.- 

-Methyl  Mandelate. 

NI30  ester 

;  JV/30 

NaOH;  T= 

=  titre  in  c.c.  of 

iV/115-1  HCl. 

Time. 

T. 

k. 

Time. 

T. 

k. 

0  '0  mins. 

19-26 

— 

Q-Omins. 

19-26 



1-22  „ 

6  04 

108-6 

1-22  „ 

6-04 

109-0 

2-30  ,, 

3-84 

106-3 

2-22  „ 

4-01 

104-7 

372  ,, 

2-75 

98-9 

3-72  „ 

2-79 

97-9 

5-22  ,, 

2-18 

92-6 

5-22  „ 

2-22 

91-8 

7-22  ,, 

1-72 

87-8 

7-22  ,, 

1-76 

86-3 

9-22  „ 

1-48 

83-4 

9-22  ,, 

1-51 

80-2 

12-22  „ 

1-26 

73-7 

12-22  ,, 

1-26 

74-7 

17-22  ,, 

0-98 

69-3 

17-22  „ 

0-99 

69-7 

24  hours 

0-12 

— 

27-22  ,, 
24  hours 

0-78 
0-15 

58  0 

Table  IX. — Ethyl  Mandelate. 

iV/30  ester;  NjZO  NaOH. 

(a)    ^=49-5  [extreme  values,  47-6  and  51-1]. 
{b)    A;=48-6[      ,,  ,,       46-3    .,    49-9]. 

(c)    i— 50-0[      ,,  ,,       47-3    ,,    51-9]. 

General  mean  :  49-4. 

Table  X. — Propyl  Mandelate. 

iV/60  ester;  A'/eO  NaOH. 

(«)    A  =  39 -5  [extreme  values,  35-1  and  42-4]. 
lb)    *=39-5  [      „  ,,       36-4    ,,    41-9]. 

General  mean  :  39 '5. 


Table  XI. — Ethyl  Phenylmethoxyacetate. 

First  series  :—N/iO  ester ;  N/30  NaOH. 

(«)    ^  =  15-0  [extreme  values,  14-3  and  15'6]. 
(b)    k  =  16-2  [      ,,  ,,       14-2    „    16-9]. 

ii'ec(md  series  :— iV^/60  ester ;  N/QO  NaOH. 

(a)    k=l5'2  [extreme  values,  14-6  and  1&-8]. 
(6)     *  =  16-6[      „  „      16-0    „    15-7J. 

ncticnil  iiicaii  :  15 '2. 


AND  ALKOXYL  GROUPS  OK  THE  VELOCITY  OF  SAPONIFICATION.    759 


Table  XII. — EUijjl  I'lituyUthoxyacetate. 
First  *e?-ie«  :—.V/40  ester ;  .V/30  XaOH. 

(a)     A- =  9 -85  [extreme  values,  9  41  aud  10-34]. 
(6)    i  =  9»5[       „  „      9-29    „     10-621. 

Second  aeries  :—N/QO  ester  ;  .V/60  NaOH. 

(a)    X;  =  10-44  [extreme  values,  9  95  and  10-9S]. 
(6)    *=  10-41  [      „  „      9-82    „    10-87]. 

General  mean :  10*2. 
II.  Solutions  containing  60  per  cent,  of  AleoM. 

Table  XllL— Ethyl  PhenylacUatt. 
N/70  eater ;  ^/60  NaOH  ;  7'=  titre  in  cc.  of  37117-0  HCl. 


Time. 

T. 

k. 

Time 

T. 

k. 

OOmins. 

9-81 

— 

0-0miu8.            9-81 

— 

1-24  ,, 

9-27 

6-45 

1-28  , 

9-27 

6-62 

2-74  „ 

8-85 

5-45 

2-78  , 

8  88 

5  31 

4-24  „ 

8-54 

4-84 

4-28  , 

8-66 

4-84 

6-24  ,, 

8-11 

4-64 

6  23  , 

8-14 

4-69 

8-24  „ 

7-63 

4-84 

8-23  , 

7-73 

4-68 

11-24  ,. 

717 

4-60 

11-23  , 

7-21 

4-80 

14-24  „ 

6-69 

4-64 

15-23  , 

6  63 

4-48 

19-24  „ 

6  08 

4-57 

21-23  , 

6-94 

4-33 

24-24  „ 

6  67 

4-35 

28-23  , 

6-37 

4-29 

32  24  „ 

5-10 

4-21 

86-23  , 

4-83 

4-24 

40-24  ,, 

4-53 

4-34 

44-23  , 

4-41 

4-20 

50-24  „ 

4-09 

4-26 

64-23  , 

4  02 

4-11 

60-24  ,, 

3-72 

4-20 

24  hour 

8                1-28 

— 

24  hours 

1-25 

— 

Table  XIV.— Methyl  ManeUate. 
NpQ  ester ;  xV/60  NaOH ;  T=  titr©  in  cc.  of  Njl  15-8  HCl. 


Time. 

T. 

k. 

Time. 

T. 

k. 

O'O  mius. 

9-86 

— 

0-Omins. 

9-86 

— 

1-23  „ 

6-80 

83-6 

1  23  „ 

5-82 

82  6 

2-23  „ 

4-67 

75-5 

2-23  ,, 

4-69 

74-3 

3-73  ,, 

3-89 

66-0 

3  73  ,, 

3-94 

63-9 

5-73  ,, 

3-32 

68  0 

5-73  ,, 

3-34 

56-8 

7-73  ,, 

2-96 

53-3 

7-73  „ 

3  01 

51-4 

10-73  ,, 

2-66 

46  8 

10-73  „ 

2-68 

45-8 

13-73  „ 

2-46 

42-6 

13  73  ,, 

2-46 

421 

18  73  ,, 

2-21 

38  9 

18-73  „ 

221 

38-2 

24  hours 

1-46 

— 

24  hours 

1-43 

— 

Table  XV.— Ethyl  Mandelate. 

N17Q  ester ;  iV^/60  NaOH. 

(a)    it =29 '6  [extreme  values,  27*5  and  31-4]. 
(6)     i  =  28-6[       „  ,,       25-4    ,.    31-3]. 

General  mean  :  29 'L 
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Table  XYI. — Propyl  Mandelate. 
N/10  ester;  N/QO  NaOH ;  T=titre  in  c.c.  of  N/IUS  HCl. 


Time. 

T. 

k. 

Time. 

T. 

k. 

O-Omins. 

9-75 

— 

0-Omins. 

9-75 

— 

1-75  „ 

7-29 

27-0 

1-75  „ 

7-29 

26-9 

3-75  „ 

5-92 

24-8 

3-75  „ 

5-92 

24-7 

5-75  „ 

5-04 

24-0 

5-75  „ 

5-03 

24  0 

8-75  „ 

4-16 

23-6 

8-75  ,, 

4'17 

23-3 

11-75  „ 

3-62 

22-9 

11-75  „ 

3-60 

23  0 

16-75  „ 

3  07 

21-7 

16-75  „ 

3-04 

22-0 

21-75  „ 

2-69 

21-2 

21-75  „ 

2-65 

21-7 

29-75  „ 

2-33 

20-3 

29-75  „ 

2-31 

20-4 

39-75  „ 

2-09 

18-8 

39-75  ,, 

2-04 

19-5 

24  hours 

1-33 

— 

24  hours 

1-31 

— 

Mean 

22-7 

Mean 

....     22-8 

General  mean :  22-7. 

Table  XVII. — Ethyl  Phenylmethoxyacetate. 
N/10  ester;  N/QO  NaOH;  r=titre  in  c.c.  of  i\7117-0  HCl. 


Time, 

T. 

O'Omins. 

9-76 

1-24  „ 

8-99 

2-74  „ 

8-38 

4-24  „ 

7-87 

6-24  „ 

7-23 

8-24  „ 

6-72 

11-24  „ 

6-08 

14-24  „ 

5-53 

19-24  „ 

4-92 

24-24  „ 

4-47 

34-24  ,, 

3-80 

24  hours 

1-25 

k. 

)-56 
5-36 
-93 
■92 
•81 
-75 
•83 
•59 
-37 
-16 


Time. 


OOmins. 

9-76 

— 

1-24  „ 

9-07 

8^51 

2-74  „ 

8-31 

8-90 

4-24  „ 

7-79 

8-39 

6-24  „ 

7-26 

7-80 

8-24  ,, 

6-62 

8-24 

11-24  „ 

6^06 

7-86 

14-24  „ 

5^22 

7-91 

19-24  „ 

4'87- 

7-81 

24-24  ,, 

4^44 

7-62 

34-24  ,, 

3-78 

7-28 

24  hours 

1-28 

— 

Table  XVIII. — Ethyl  Phenylethoxy acetate. 
N/10  ester  ;  iV;/60  NaOH  ;  r=titre  in  c.c  of  iy7116-5  HCl. 


Time. 

T. 

k. 

Time. 

T. 

*. 

O'O  mins. 

9-80 

— 

0-0  mins. 

9-80 

— 

1-24  „ 

9-06 

9-06 

1-24  „ 

9-03 

9-83 

8-24  „ 

8-41 

6-95 

8-24  „ 

8-40 

7-01 

6-24  „ 

7-87 

6-40 

6-24  „ 

7-91 

6-26 

8-24  „ 

7-26 

6-90 

8-24  „ 

7-81 

6-71 

11-24  „ 

6-73 

6-66 

11-24  „ 

6-67 

6-79 

16-24  ,, 

6-17 

6-43 

15-24  „ 

6-18 

6-40 

19-24  ,, 

6-64 

6-44 

19-24  „ 

6-74 

5-21 

25  24  ,, 

6-11 

6-28 

26-24  „ 

5-1.*} 

6-19 

81-24  „ 

4-69 

608 

81-24  „ 

4-06 

5-15 

89*24  „ 

4-20 

6-06 

89-24  „ 

4-27 

4-89 

49-24  „ 

8-71 

6-08 

49-24  „ 

3-79 

4-88 

24honn 

1-16 

— 

24  hours 

1-16 

— 
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Table  XIX. — Ethyl  PJieiiylpropoxyaeetaU. 
NI70  ester  ;  i\V60  NaOH  ;  7'=titre  in  c.c.  of  37116-5  HCl. 


Time. 

T. 

t. 

O'Omins. 

9-82 

— 

1-24  ,, 

9-28 

6-41 

3-24  „ 

8-7« 

612 

9-24  ,, 

7-47 

4-74 

17-24  ,. 

6-89 

4-51 

24-24  ,, 

8-«7 

4-84 

38-24  ,, 

4-72 

4-18 

66-24  „ 

3-91 

413 

24  houra 

1-25 

— 

Chemical  Defaetment, 

University  ok  Birmimghaii. 

LXXVII. — Complex  Nitntes  of  Bismuth. 

By  Walter  Craven  Ball,  B.A. 

The  author  has  been  unable  to  find  a  description  of  any  nitrites 
of  bismuth,  although  such  compounds  evidently  exist,  for  on 
adding  powdered  bismuth  nitrate  to  a  strong  solution  of  an  alkali 
nitrite  an  orange  liquid  is  formed,  and  nitrous  fumes  are  evolved. 
When  a  large  amount  of  the  bismuth  salt  has  been  added,  the 
colour  of  the  solution  is  deep  orange,  with  a  purplish  reflex. 
This  liquid  rapidly  absorbs  oxygen  from  the  air,  its  surface  becom- 
ing covered  with  a  white  film  of  basic  bismuth  nitrate. 

A  similar  solution  may  also  be  obtained  by  mixing  the  powdered 
salts  with  acetone;  the  resulting  orange  liquid,  on  evaporation  in 
absence  of  air,  leaves  a  yellow,  crystalline  mass.  If  potassium 
nitrite  is  used  instead  of  the  sodium  salt,  needle-shaped  crystals 
are  formed  on  evaporation,  but  in  either  case  they  rapidly  decom- 
pose. Various  attempts  were  made  to  isolate  a  more  stable  crystal- 
line derivative  from  the  orange  solutions,  but  the  only  successful 
method  was  to  pour  the  liquid,  obtained  by  adding  bismuth  nitrate 
to  saturated  aqueous  sodium  nitrite  mto  an  aqueous  solution  of 
ammonium  nitrate  saturated  at  0°.  A  yellow,  crystalline,  and 
very  unstable  substance  is  precipitated,  which  is  described  in  the 
sequel. 

a.  Bismuth  Sodium  Ammonium  Nitrite. 

A   more   stable   compound   is   obtained   by   dissolving   powdered 
bismuth  nitrate  in  a  saturated  solution  of  ammonium  nitrate  at  0°, 
VOL.   LXXXVII.  3   F 
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and  then  gradually  pouring  this  liquid  into  an  ice-cold,  nearly 
saturated  solution  of  sodium  nitrite,  slightly  acidified  with  nitrous 
fumes.  The  best  proportions  are  10  grams  of  bismuth  nitrate,  15 
grams  of  ammonium  nitrate,  and  15  grams  of  sodium  nitrite;  but 
these  numbers  may  be  varied  considerably. 

The  liquid  must  be  at  once  poured  off  and  the  precipitate 
drained  on  a  porous  tile.  It  is  then  pressed  several  times  between 
filter  paper  to  remove  adherent  liquid,  and  the  drying  is  completed 
by  compressing  the  substance  between  pieces  of  porous  plate  in  a 
desiccator  kept  at  0°.  It  is  essential  to  dry  the  product  in  this 
manner,  otherwise  decomposition  takes  place. 

Bismuth  sodmrn,'  ammonium  nitrite,  Bi(N02)3,2NH4N02,]S"aN02, 
is  a  bright  yellow  substance  which  crystallises  in  octahedra,  and 
possesses  a  slight  green  fluorescence.  It  decomposes  slowly  at 
0°,  more  rapidly  at  the  ordinary  temperature,  evolving  nitric  oxide 
and  leaving  a  moist  white  mass  which  contains  no  nitrite.  If 
some  of  the  substance  is  touched  at  any  point  with  a  hot  wire, 
decomposition  rapidly  occurs  throughout,  and  the  resulting  white 
mass  is  found  to  be  free  from  nitrite.  The  substance  detonates 
feebly  on  being  struck. 

Analysis. 
Found. 

Preparation.  Bi.  Na.  NH4.  NOj  per  cent. 

(1)  38-9;  39-1  4-54  6-30  497 

(2)  39-5  4-48  6-25  49-8 

Calculated. 
38-25  4-24  6-64  50-87 

The  methods  of  analysis  are  described  later  (p.  765).  The  slight 
deficits  in  the  ammonium  and  nitrite  are  probably  due  to 
interaction  between  these  constituents. 

b.  Bismuth  Potassium  Nitrite, 

The  most  stable  of  these  compounds  is  obtained  by  passing  nitrous 
fumes  into  a  suspension  of  bismuth  hydroxide  in  concentrated 
potassium  nitrite  solution  until  white  particles  can  no  longer  be 
seen  in  the  orange  precipitate.  The  product  should  be  dried 
quickly,  as  when  moist  it  absorbs  oxygon. 

Bismuth  ■potassium  nitrite,  Bi(NO.^)3,3KN05,H20,  is  an  orange, 
crjrttalline,  and  slightly  fluorescent  substance.  Like  the  other 
compounds  described,  it  is  immediately  hydrolysed  by  water;  but, 


BALL:   COMPLEX   NITRITES   OF   BISMUTH.  763 

uulike  them,  it  is  stable  at  the  ordinary  temperature,  and  does  not 
detonate  when  struck. 

Analysis. 

Found. 

Water  by  difference 
Prei»ratiou.  Bi.  K.  NO..  prct-nt. 

(1)  341  1909  44-3  •2i> 

(2)  33-8  19  0rt  44  2  2  8 

(3)  —  —  44-6  — 

Caiculatetl. 
83-5  1896  44-6  2-9 

The  formulae  of  these  two  compounds  resemble  those  of  many 
complex  nitrites  of  other  elements  in  having  an  atom  of  the  monad 
metal  for  each  valency  of  the  polyvalent  metal,  as,  for  instance, 
Co(N02)3,3NaXOj,H,0  and  Co(NO.)2,2KNO.„H,0. 

c.  Other  Complex  BUmuth  Nitritet. 

The  compound  obtained  by  mixing  bismuth  nitrate  with  sodium 
nitrite  and  adding  the  mixture  to  ammonium  nitrate  (p.  761)  is 
both  more  complex  and  less  stable  than  those  already  described. 
It  may  be  obtained  by  mixing  15  or  20  grams  of  powdered  bismuth 
nitrate  with  a  saturated  aqueous  solution  of  15  grams  of  sodium 
nitrite.  The  resulting  orange  liquid  is  then  filtered,  preferably  in 
absence  of  air,  although  instead  of  excluding  air  it  is  sufficient 
to  filter  the  liquid  quickly  by  suction.  As  soon  as  the  filtrate 
becomes  clear,  it  is  allowed  to  drop  slowly  into  saturated  ammonium 
nitrate  solution,  kept  at  0°.  The  supernatant  liquid  is  rapidly 
poured  off,  and  the  yellow  precipitate  carefully  dried,  first  with 
filter  paper  and  then  in  a  desiccator  at  0°  (p.  762);  it  is  advan- 
tageous to  replace  the  air  in  the  desiccator  by  nitrogen. 

The  substance  thus  obtained,  which  is  most  probably 
Bi(NOj)„2NH^NOj,NH,N03,NaN03, 
forms  small,  canary-yellow  crystals,  possessing  a  green  fluores- 
cence; it  gradually  decomposes,  even  at  0°,  becoming  white 
and  evolving  nitric  oxide.  If  the  salt  is  kept  in  a  bottle, 
the  decomposition  is  rapid,  and  the  residue  becomes  moist,  owing 
to  the  water  produced  from  the  ammonium  nitrite,  but  in  a  desic- 
cator the  decomposition  is  slower,  because  of  the  removal  of  the 
water  as  it  is  formed.  The  decomposition  is  complex,  as  in  addi- 
tion to  the  resolution  of  the  ammonium  nitrite  into  nitrogen  and 
water,  and  the  liberation  of  nitric  oxide  from  the  bismuth  nitrite, 
there  is  further  a  gradual  absorption  of  oxygen. 

3  F  2 
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The  substance  detonates  feebly  when  struck,  and  is  decomposed 
throughout  when  touched  by  a  hot  wire.  It  thus  resembles  bismuth 
sodium  ammonium  nitrite,  from  which  it  may  be  regarded  as 
being  derived  by  the  replacement  of  a  molecule  of  ammonium 
nitrite  by  ammonium  nitrate  and  the  addition  of  a  molecule  of 
sodium  nitrate. 

On  account  of  the  unusual  character  of  the  foregoing  formula 
numerous  analyses  were  made  on  specimens  prepared  under  various 
conditions.  The  proportion  of  bismuth  nitrate  to  sodium  nitrite 
was  varied  between  3  : 5  and  5  : 3  by  weight,  and  the  ammonium 
nitrate  was,  in  some  cases,  added  to  the  mixture  of  bismuth  nitrate 
and  sodium  nitrite;  but  the  analyses  showed  no  parallel  varia- 
tions. When  the  substance  was  precipitated  fractionally,  the 
variations  were  also  small  and  irregular,  and  this  renders  it 
unlikely  that  the  substance  could  be  a  mixture  of  two  or  more 
salts  precipitated  together;  the  composition  of  a  precipitate  would 
in  such  case  change  as  the  concentration  of  the  dissolved  salts 
altered. 


Analysis. 

Found  (mean) 

Number    of   determinations 
of  each  constituent 

Bi.           Na. 
32-6          3-59 

(5)             (5) 
Calculated. 

NH4. 

8  32 

(8) 

NO2. 
34-3 

(15) 

NO3  per  cent, 
19-0 

(5) 

32-5          3  60 

8-46 

36-0 

19-4 

The  numbers  are  fairly  concordant  except  for  the  nitrite;  the 
bismuth  and  sodium  showed  a  very  constant  ratio.  The  ammonium 
and  nitrite  are  low,  probably  in  part  on  account  of  some  action 
between  them.  The  bismuth  is  not  present  as  a  basic  salt,  for  the 
acids  arc  equivalent  to  the  bases;  in  this  the  compound  differs 
from  the  nitrate-nitrites  of  lead,  which  are  all  basic. 

The  tendency  of  these  compound  bismuth  nitrites  to  oxidise  is 
not  entirely  due  to  liydrolysis  into  bismuth  hydroxide  and  nitrous 
acid,  followed  by  decomposition  of  the  latfer.  The  orange  liquid, 
obtained  by  mixing  bismuth  nitrate  and  sodium  nitrite,  became 
coated  with  a  white  film  immediately  it  came  into  contact  with 
the  air,  and  direct  mcasuronicnt  proved  that  such  a  solution  ab- 
sorbed oxygen  much  more  (juickly  (iian  it  evolved  nitric  oxide. 

In  addition  to  the  above  comj)ounds,  some  other  salts  wore  pre- 
pared:  an  orange  tetramothylammonium  salt;  a  black  triple 
nitrite  of  bismuth,   copper,  and   ammonium;   and    a   yellow   com- 


BALL:   COMPLEX   NITRITES   OF   BISMUTH.  765 

• 

pound,  apparently  a  double  nitrite  of  bismuth  and  cinchonine.  A 
light  yellow  solution  is  obtained  by  passing  nitrous  fumes  into 
water  containing  bism'uth  hydroxide  in  suspension,  and  also  by 
adding  the  hydroxide  and  a  little  water  to  the  blue  liquid  obtained 
by  condensing  nitrous  fumes.  These  solutions  probably  contain 
bismuth  nitrite,  but  it  was  m-.i  f.nurl  pnssil.l.>  to  prepare  (his  sub- 
stance in  the  solid  state. 

The  slight  fluorescence  pubbCbicJ  by  these  salts  suggested  that 
they  might  be  susceptible  to  radium,  or  to  the  cathode  rays;  but 
in  neither  case  was  any  perceptible  effect  produced. 

Methods  of  Analysis. 

The  bismuth  was  estimated  as  oxide  or  sulphide,  and  the  sodium 
and  potassium  as  sulphates.  To  estimate  the  ammonium,  about 
0  5  gram  of  the  solution  was  weighed  in  a  small  tube,  which  was 
then  dropped  into  cold  caustic  soda  solution,  the  ammonia  being 
then  distilled  into  .V/10  acid.  If  the  substance  is  first  added  to 
water  there  is  a  slight  loss  of  ammonia. 

As  the  substance  was  decomposed  immediately  by  wat«r  with 
evolution  of  nitrous  fumes,  and  ammonium  was  present,  it  was 
found  impossible  to  obtain  concordant  values  for  the  nitrite,  ex- 
cept by  the  following  method.  About  01  gram  of  the  substance 
was  weighed  in  a  small  tube ;  this  was  dropped  into  a  500  c.c. 
bottle,  almost  full  of  ice-cold  acidified  water,  to  which  about  one 
and  a  half  times  the  calculated  quantity  of  3'/ 10  permanganate 
had  been  added.  After  a  few  minutes  the  excess  of  permanganate 
was  estimated  by  ferrous  sulphate.  Control  analyses  were  made 
on  pure  sodium  nitrite  and  mixtures  of  sodium  nitrite,  ammonium 
nitrate,  and  bismuth  nitrate;  the  method  gave  good  results,  whilst 
departures  from  this  mode  of  procedure  gave  high  and  discordant 
values. 

The  nitrate  was  determined  by  difference,  the  total  nitrogen  in 
about  0-2  gram  of  the  substance  being  converted  into  ammonia 
by  reduction  with  aluminium  and  sodium  hydroxide.  Simul- 
taneous determinations  of  the  ammonium  and  nitrite  were  made 
on  the  same  specimen,  so  that  the  nitrogen  present  as  NO3  was 
given  by  the  difference.  Three  treatments  with  aluminium  were 
usually  necessary  before  all  the  nitrate  and  nitrite  were  reduced. 

Chemical  Laboeatoky, 

Guy's  Hospital,  S.  E. 
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LXXVIII. — The     Ultra-violet    Absorption     Spectra    of 
Certain  Enol-keto-taiitomerides.     Part  II. 

By  Edward  Charles  Cyril  Baly  and  Cecil  Henry  Desch. 

In  the  first  part  of  this  investigation  (Trans.,  1904,  85,  1029)  the 
ultra-violet  absorption  spectra  of  acetylacetone  and  ethyl  aceto- 
acetate  and  of  certain  derivatives  of  these  compounds  were  de- 
scribed. Reasons  were  brought  forward  in  support  of  the  view 
that  the  absorption  band  obtained  in  photographing  the  ultra- 
violet spectrum  of  iron  through  solutions  of  these  substances, 
according  to  Hartley's  method,  is  due  to  the  equilibrium  existing 
between  the  two  possible  tautomeric  forms.  It  was  found  that 
neither  of  the  modifications,  when  in  a  pure  state,  gives  an  absorp- 
tion band,  but  that  when  the  two  are  present  in  equilibrium  with 
one  another,  a  very  decided  absorption  band  is  developed.  It  was 
further  pointed  out  that  the  persistence  of  this  absorption  band 
over  a  definite  change  of  concentration  may  doubtless  be  taken  as 
a  measure  of  the  relative  number  of  molecules  in  the  changing 
state.  Finally,  it  was  found  that  the  oscillation  frequency  of  the 
light  waves  absorbed  is  nearly  the  same  in  all  the  substances 
examined,  whether  these  contained  a  hydrogen,  glucinum,  sodium, 
or  even  a  thorium  atom  in  the  so-called  labile  condition.  We 
therefore  concluded  that  the  absorption  band  cannot  in  any  way 
be  regarded  as  being  directly  due  to  an  oscillating  atom,  that  is 
to  say,  the  vibration  frequency  of  the  atom  cannot  be  the  same  as 
the  oscillation  frequency  of  the  light  absorbed.  We  have  now  in- 
vestigated the  ultra-violet  absorption  spectra  of  the  following 
analogous  substances :  ethyl  acetylsuccinate,  ethyl  diacetylsuc- 
cinate,  ethyl  benzoylacetate,  ethyl  oxaloacetate,  ethyl  acetonedi- 
carboxylate,  ethyl  benzoylsuccinate,  and  benzoylacetone,  together 
with  certain  of  their  metallic  derivatives.  The  conclusions  drawn 
in  the  previous  paper  have  been  fully  confirmed;  on  the  one  hand, 
neither  the  pure  hydroxylic  nor  the  pure  ketonic  substance  shows 
an  absorption  band,  and  on  the  other  hand,  the  vibration-frequency 
of  the  absorption  band  seems  to  bear  little  relation  to  the  mass  of 
the  atom  in  the  labile  state. 

Only  three  of  the  substances  dealt  with  in  the  present  paper 
exhibit  absorption  bands  in  the  free  state,  namely,  benzoylacetone, 
ethyl  benzoylacetate,  and  ethyl  benzoylsuccinate.  It  is  evident, 
therefore,  that  there  must  be  in  these  three  cases  a  considerable 
number  of  molecules  in  the  oscillating  state,  whilst  in  the  case  of 
the  remaining  substances  dealt  with,  almost  all  the  molecules  are 
probably  quiescent;  it  is  not  possible  to  say  with  any  certainty 
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whether  the  latter  substances  are  enolic  or  ketonic,  but  it  is 
probable,  from  a  comparison  of  their  absorption  curves  with  those 
of  acetonylacetone  and  ethyl  ethoxyfumarate,  that  they  are  chiefly 

enolic. 

The  conclusion  that  the  pure  substances  do  not  show  any 
absorption  band  in  their  spectra  is  based  on  the  results  obtained 
with  acetonylacetone,  ethyl  ethoxyfumarate,  and  hydroxy- 
methylenecamphor.  The  details  of  the  absorption  spectra  are 
given  below,  and  it  will  be  seen  that  there  is  no  semblance  of  an 
absorption  band  developed  in  any  of  these  substances.  In  acetonyl- 
acetone we  have  a  purely  ketonic  compound,  in  ethyl  ethoxy- 
fumarate a  derivative  of  the  purely  hydroxylic  form  of  ethyl 
oxaloacetate,  and  in  hydroxymethylenecamphor  we  have  an  analo- 
gous condition  in  the  hydroxymethylene  group.  It  may  be 
pointed  out  that  solutions  of  camphor  itself  of  the  strength  we 
work  with  have  been  shown  by  Hartley  to  be  quite  diactinic,  so 
that  we  are  justified  in  attributing  the  absorption  given  by  this 
substance  entirely  to  the  presence  of  the  hydroxymethylene  group. 

With  the  exception  of  the  aluminium  derivatives  of  ethyl 
benzoylacetate  and  benioylacetone,  we  have  only  been  able  to  in- 
vestigate the  free  compounds  and  their  sodium  derivatives;  but, 
as  can  readily  be  seen  from  the  experimental  results  given  below, 
although  the  absorption  bands  are  usually  shifted  towards  the  red 
in  the  metallic  derivatives,  the  amount  of  shift  is  by  no  means 
the  same  in  all  the  substances,  and  bears  no  simple  relation  to 
the  masses  of  the  metallic  and  hydrogen  atoms.  The  slight  shift- 
ing observed  is  only  what  would  be  expected  from  the  small  in- 
crease in  the  total  mass  of  the  molecule,  as  has  so  many  times  been 
pointed  out  by  Hartley. 

In  attempting  to  find  an  explanation  of  the  origin  of  the  absorp- 
tion band  it  is  necessary  to  take  a  different  view  of  the  physical 
process  from  that  usually  held.  It  is  perfectly  evident  that  some 
vibration  or  free  period  must  exist  connected  with  the  transition 
from  one  taiitomeride  to  the  other,  which  is  synchronous  with  the 
oscillation  frequency  of  the  light  rays  absorbed.  There  seems  to 
be  no  question  of  doubt  that  this  vibration  cannot  be  the  vibration 
of  the  labile  atom  itself,  for,  apart  from  the  fact  that  the  oscillation- 
frequency  of  the  absorption  band  bears  little  relation  to  the  mass 
of  this  labile  atom,  it  is  also  noteworthy  that  the  oscillation- 
frequency  of  the  band  is  far  greater  than  that  usually  attributed  to 
atomic  motions.  We  are  therefore  driven  to  the  conclusion  that 
the  absorption  of  light  is  due  to  the  change  of  linking  expressed 
by  the  following  reversible  equation : 

-CHj-co-      :i±      -ch:c(oh)-, 
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aud  not  merely  to  the  wandering  of  the  labile  atom.  This  may  be 
expressed  in  another  way  by  saying  that  the  phenomenon  is  due  to 
the  change  of  condition  of  the  two  carbon  atoms  and  the  oxygen 
atom.  If  we  consider  in  detail  the  transition  from,  for  example, 
the  enolic  to  the  ketonic  form,  it  will  be  seen  that  the  hydrogen 
or  other  labile  atom  leaves  the  oxygen  and  wanders  to  the  carbon 
atom;  there  must,  however,  obtain  for  an  exceedingly  short  time 
a  condition  in  which  the  hydrogen  atom  is  half-way  on  its  journey, 
when  we  cannot  consider  it  to  be  definitely  linked  either  to  the 
oxygen  or  to  the  carbon  atom.  We  may  thus  conceive  the 
momentary  existence  of  an  intermediate  transition  phase,  which 
can  be  expressed  thus: 

-CH-C- 

HO 

During  the  existence  of  this  transition  phase  the  two  carbon  atoms 
and  the  oxygen  atom  are  actually  changing  their  linking.  It 
seems  probable  that  the  absorption  band  is  due  to  this  change  of 
linking,  or,  in  other  words,  it  is  due  to  the  above  transition 
phase.  It  must  not  be  forgotten  that  the  oscillation-frequency  of 
the  absorption  band  appears  to  be  too  great  to  be  connected  in  any 
way  with  the  motions  of  the  atoms  qua  atoms,  and  therefore  we 
are  not  able  to  attribute  it  to  possible  motions  of  the  carbon  or 
oxygen  atoms. 

In  attempting  to  form  a  theory  to  account  for  the  connection 
between  the  change  of  linking  and  the  absorption  of  light,  it  is 
necessary  to  take  account  of  certain  facts  which  have  been  estab- 
lished experimentally  by  Hartley  and  others  in  this  field.  Firstly, 
no  organic  substance  shows  an  absorption  band  unless  a  possibility 
of  tautomerism  exists  in  the  molecule.  Secondly,  this  tautomerism 
need  not  be  due  to  a  labile  atom,  but  may  be  of  the  same  order 
as  that  occurring  in  those  aromatic  substances  containing  the  true 
benzenoid  structure.  Thirdly,  in  all  cases  of  the  simpler  tauto- 
meric molecules,  the  vibration-frequencies  of  the  absorption  bands 
are  very  nearly  the  same.  Fourthly,  an  increase  in  the  mass  of 
the  molecule  causes  a  decrease  in  the  oscillation-frequency  of  the 
absorption  band. 

Finally,  we  Have  Hewitt's  theory  of  fluorescence,  namely,  that 
this  phenomenon  is  due  to  a  process  of  tautomerism.  If  this  is 
accepted,  it  appears  that  a  tautomeric  substance  is  not  only  able 
to  give  rise  to  a  selective  absorption  of  light,  but  also  in  certain 
circumstances  to  act  as  a  source  of  light. 

Up  to  the  present  no  theory  has  been  brought  forward  to  account 
for  any  of  those  facts,  but  it  is  possible  to  co-ordinate  all  of  them, 
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and  at  the  same  time  to  explain  the  formation  of  the  absorption 
bands  by  the  same  theory  as  that  employe^  by  physicists  to  explain 
the  phenomena  of  radioactivity,  emission  spectra,  series  of  spectral 
lines,  the  Zeeman  effect,  &c.,  namely,  the  electron  theory.  This 
theory  postulates  that  each  atom  is  a  system  of  small  particles  or 
electrons,  which  are  in  continual  motion  round  a  common  centre 
of  gravity,  and  that  the  emission  spectra  of  gases  are  due  to  vibra- 
tional disturbances  of  these  systems  of  electrons.  The  combination 
between  two  atoms  is  accompanied  by  the  passage  of  one  or  more 
electrons  from  one  atom  to  the  other,  producing  one  or  more 
Faraday  tubes  of  force  between  them,  each  Faraday  tube  represent- 
ing the  chemist's  single  bond.  If,  by  some  means,  we  cause  a 
rearrangement  of  these  linkings  or  Faraday  tubes,  it  is  clear  that 
there  must  occur  a  vibrational  disturbance  in  the  system  of 
electrons.  In  all  cases  of  tautomerism,  the  rearrangement  of  the 
linkings  is  the  essence  of  the  process,  and  therefore  we  should 
expect  to  find  vibrational  disturbances  in  the  electrons  of  the 
atoms  concerned.  Now,  we  have  direct  evidence  of  these  disturb- 
ances in  the  fluorescence  of  tautomeric  substances,  as  shown  by 
Hewitt.  It  is  therefore  only  natural  that  the  converse  takes 
place,  namely,  the  absorption  of  light  by  tautomeric  substances. 
In  the  substances  dealt  with  by  us,  at  least  three  atoms  in  each 
molecule  are  undergoing  change  of  linking,  and  therefore  each  one 
of  these,  owing  to  the  resulting  disturbance  of  the  electrons,  helps 
in  the  formation  of  the  absorption  band. 

This  theory  of  the  formation  of  the  absorption  bands  accompany- 
ing tautomerism  is  capable  of  bringing  into  line  the  facts  observed 
in  the  ultra-violet  absorption  spectra,  which  were  mentioned  above. 
Firstly,  the  fact  that  the  oscillation- frequencies  of  the  absorption 
bands  given  by  simple  tautomeric  substances  are  always  very  nearly 
the  same — the  changes  of  linking  taking  place  are  all  of  the  same 
type,  whether  in  the  aromatic  compounds  containing  the  benzenoid 
nucleus  or  in  the  aliphatic  tautomerides,  and  therefore  the  same 
type  of  vibrational  disturbance  on  the  electrons  is  set  up,  resulting 
in  approximately  the  same  frequency  in  the  absorption  band. 
Secondly,  an  increase  in  the  mass  of  the  molecule  causes  the  oscilla- 
tion-frequency of  the  band  to  decrease,  and  the  band  is  shifted 
towards  the  red;  the  period  of  the  vibrational  disturbance  of  the 
electrons  depends  on  the  mass  of  matter  in  their  immediate 
neighboxirhood,  and  becomes  slower  when  this  mass  is  increased. 
This  decrease  in  the  period  of  the  vibrations  of  the  electrons,  with 
increase  in  the  mass  of  the  molecule,  is  well  shown  by  the  spectral 
series  of  the  several  elements  of  the  same   family.     This  can  be 
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seen  at  once  from  the  following  equations  for  the  first  members  of 
the  principal  series  of  the  alkali  metals,  where  n  is  the  oscillation- 
frequency,  and  mthe  number  of  the  line  in  the  series  (  =  3,  4,  5,  &c.). 

..,.                                         .oro.  ..^       133689         1100084 
Lithium    n  —  43584'/5 „-    -   r — 

c  A-                                            ^^KAo■r,^        130233         800791 
Sodium n  =  41542  61 ^  -    -    .— 

T>  ,      •  ^KnuR-KK       126983        625318 

Potassium     n.  =  35086  55  -   s —   -    r- 

m^  m* 

T>  vj-  oo^^o  -,-,        125531         562255 

Rubidium n  =  33762-11 s-    -   j— 

m^  m* 

n     •                                           QiKrtnoi        125395         486773 
Caesium a  =  3150931  -  n—    -    r- 

VI-  m* 

These  equations  of  Kayser  and  Runge  show  at  once  how  the 
series  is  in  each  case  bodily  shifted  towards  the  red  with  increasing 
mass.  We  have  in  this  a  very  striking  analogy  between  emission 
and  absorption  spectra. 

The  chemical  aspect  of  tautomerism,  as  seen  in  the  light  of  ultra- 
violet absorption  spectra,  is  also  very  interesting.  For  example, 
solutions  of  the  sodium  and  aluminium  derivatives  of  ethyl  aceto- 
acetate  are  equilibrium  mixtures  of  the  enolic  and  ketonic  modifi- 
cations, that  is  to  say,  the  sodium  and  aluminium  atoms  respectively 
are  oscillating  between  the  two  positions.  Now,  in  the  case  of  the 
sodium  compound,  there  is  distinct  evidence  of  ionisation  and 
hydrolysis,  but  in  the  case  of  the  aluminium  compound  the  ionisa- 
tion and  hydrolysis  are  very  small.  Now,  Hartley  (Trans.,  1902, 
81,  571;  1903,  83,  221)  showed  that  metallic  nitrates  and  nitric 
acid  in  solution  give  absorption  bands,  the  position  of  which  depends 
on  the  mass  of  the  metal.  These  bands,  however,  are  only  developed 
in  solutions  which,  accoi'ding  to  the  electrolytic  dissociation  hypo- 
thesis, are  ionised,  and  Hartley,  in  this  way,  showed  that  there 
must  be  intimate  connection  between  the  metallic  atom  and  the  NOg 
group,  even  in  dilute  solutions,  when  the  salts  are  more  or  less 
completely  ionised.  Even  without  this  discovery  of  Hartley's,  it 
is  impossible  to  conceive  of  the  bond  of  chemical  attraction,  or  the 
Faraday  tube  between  the  two  ions  of  a  metallic  salt,  as  being 
destroyed  by  simple  solution.  It  would  seem  preferable  to  consider 
the  action  of  the  solvent  as  merely  tending  to  draw  the  two  ions 
apart.  When  the  two  ions  are  sufilcicntly  separated  to  allow  of 
an  interchange  of  ions  between  different  molecules,  wo  then  have 
the  condition  called  ionisation.  In  this  way,  we  do  not  picture 
the  bands  of  aflinity  as  being  destroyed,  but  merely  broken  in  one 
place  and  regenerated  in  another.  It  is  possible,  on  these  lines,  to 
consider  the  whole  phenomena  of  electrolytic  dissociation  from  a 
far    broader    standpoint.     When    a    compound    is    dissolved,    the 
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tendency  of  the  solvent  is  to  separate  the  molecules  into  two  or 
more  ions.  When  the  ions  become  suflBciently  far  removed  from 
one  another  to  permit  of  the  interchange  of  ions  between  adjacent 
molecules,  we  have  the  condition  of  ionisation,  which  is  partial,  or 
more  or  less  complete,  according  as  to  whether  the  interchanges  are 
small  or  great  in  number  per  unit  time.  When,  however,  the 
separation  of  the  ions  has  not  reached  the  critical  length,  no  inter- 
change takes  place,  and  we  have  the  non-ionised  condition,  for 
example,  mercuric  cyanide  in  water.  In  this  class  we  might  in- 
clude the  many  organic  compounds  which  apparently  react  by 
ions,  even  although  their  solutions  show  little  or  no  evidence  of 
ionisation  (compare  Kahlenberg,  J.  rhyaieal  Chem.,  1902,  6,  1). 
One  class  more  may  be  included,  namely,  the  aliphatic  tautomeric 
substances,  which  may  be  regarded  as  being  only  sufficiently  dis- 
sociated in  solution  to  allow  of  interchanges  between  different  parts 
of  the  same  molecule.  The  labile  atom  is  in  a  state  of  incipient 
dissociation,  and  may  thus  be  looked  upon  as  a  potential  ion. 

The  whole  question  of  dissociation  thus  appears  to  be  one  merely 
of  degree  and  not  of  kind,  and  there  is  no  need  to  consider  any 
discontinuity  in  the  action  of  the  solvent. 

It  is  possible  to  put  this  view  to  the  test  in  the  case  of  the 
aliphatic  tautomeric  substances.  We  have  already  suggested  that 
the  persistence  of  the  band  is  a  measure  of  the  number  of 
molecules  which  are  in  the  transitional  state  between  the  two 
forms;  on  the  above  view,  this  persistence  is  a  measure  of  the 
extent  to  which  the  labile  atoms  are  separated  from  the  rest  of  the 
molecule. 

There  should  exist,  therefore,  for  every  tautomeric  substance,  a 
maximum  value  of  this  persistence  which  corresponds  to  the  con- 
dition that  the  separation  of  all  the  labile  atoms  from  the  rest  of 
the  molecule  has  overstepped  the  critical  value,  and  that  perfectly 
free  interchanges  are  taking  place.  Now,  we  have  shown  that  the 
addition  of  sodium  hydroxide  increases  the  persistence  of  the 
absorption  band;  successive  additions  of  the  alkali  should  there- 
fore increase  the  persistence  until  the  maximum  value  is  reached, 
and  the  amount  of  hydroxide  necessary  to  produce  this  should  be 
far  beyond  that  required  to  convert  the  whole  of  the  substance 
into  the  sodium  derivative.  This  is  well  evidenced  by  the  addition 
of  sodium  hydroxide  to  the  aluminium  derivative  of  ethyl  benzoyl- 
acetate,  a  large  excess  being  necessary  to  produce  the  maximum 
persistence  (compare  Fig.  1).  We  have  investigated  the  action  of 
sodium  hydroxide  on  ethyl  benzoylsuccinate  and  have  observed 
the  absorption  spectra  of  the  substance  in  the  free  state  and  in  the 
presence  of  one,  ten,  twenty,  and  one  hundred  equivalents  of  alkali. 
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The  measurements   of   the  persistence  of   the   absorption   band    in 
each  case  are  as  follows : 

Withlcq.  With  10  eq.  With  20  eq.  With  100  cq. 
Free  ester,     of  alkali,      of  alkali.      of  alkali.        of  alkali. 
Absorption  band  begins 

at  120   ram.       63   mm.      40  mm.       317  mm.       21*9  mm. 

Absoi-ption  band  ends  at     83-2  ,,         34  7  ,,         20    ,,  152    „  10-4    ,, 

Change  of  dilution  over 
which  absorption 
band  persists  307%         44-9%        50%  52%  52-5% 

The  thicknesses  given  refer  to  a  3'/ 10,000  solution  of  the  ester. 

These  results  leave  little  doubt  that  the  persistence  of  the  absorp- 
tion band  is  steadily  increased  by  the  addition  of  alkali  until  a 
maximum  is  reached ;  in  the  case  of  ethyl  benzoylsuccinate,  the 
maximum  is  apparently  reached  by  the  addition  of  20  equiva- 
lents of  sodium  hydroxide,  as  an  increase  in  the  alkali  to  100 
equivalents  only  increases  the  persistence  by  0-5  per  cent. 


^  Experimental. 

Benzoylacetone. 

This  substance  was  obtained  from  Kahlbaum,  and  another  speci- 
men was  prepared  for  us  by  Messrs.  A.  C.  Carter  and  D.  B.  Byles. 
Both  specimens  were  found  to  be  pure  after  recrystallisation  from 
alcohol.  Solutions  were  made  in  absolute  alcohol,  and  their  absorp- 
tion spectra  photographed.  The  following  measurements  of  the 
absorption  band  were  obtained : 


0162  gram  (1   milligram-molecule)   in  1000  c.c. 


Thickness  of 

layer  of  solution 

in  millimetres. 

60 

40 

30 

20 

10 

0 

8 


Description  of  spectrum.  V^-                       ^• 

Spcctmm  transmitted  to 2810                   3557 

2815                    3552 

2820                      - 

2830                   3632 

2860                   3496 

2866                   3490 

2875                   3477 

Absorption  band 2876    3800  3477    2630 

Spectrum  traiiHiiiittod  (weak) 3800—3850  2030—2597 

Complete  absorption  beyond. 

Spcctmm  transtnilted  to 2900                    3447 

Absorption  band 2900-3748  3447    2667 

Spcrtnim  trniiHmitte<l  .'I/'IH  — ;jH7r)  2f>()7— 2.'J80 

Complete  absorption  beyond. 

Hpectnim  traiiHiiiitted  to 293.')                     .'il05 

Absorption  band 2936-3640  3406-2746 

HiM-ctnim  Iransiiiittcd  'MWQ     IMO  2746—2415 
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0  162  gram  in  10,000  c.c. 

Thickness  of 
layer  of  lujuid 

ill  niiilimetres.             Description  of  speetniin.  V/A.  A. 

30             Sptctrum  transmitted  to  -jyTu  33t>»3 

Absorption  band  2970-3668  3366-2810 

spectrum  transmitted  3&68>-4290  2810—2380 

Complete  absorption  beyond. 

25             Si)ectrurn  transmitted  to  3030  3299 

Absorption  band 3030-3480  3299-2873 

Spectrum  transmitted  3480—4320  2873—2314 

Complete  absorption  beyond. 

20             Spectrum  transmitted  to 3200  3124 

Absorption  band 8200-3300  3124-3020 

spectrum  transmitted  8800—4340  3029—2308 

Complete  absorption  beyond. 

10            Spectrum  transmitted  to 4390  2277 

Benzoylacetone  in  pretence  of  Sodium  Hydroxide. 

0  162  gram  in  1000  c.c. 

Thickness  of 
layer  of  liquid 

in  millimetres.            Description  of  sjiectmni.  */k.  A. 

8            Si)ectrum  transmitted  to 2805  3565 

0                    ,,                     ,,  2810  3558 

Absorption  band  2810-3600  3668-2857 

Si)ectrum  transmitted  3500—3900  2857—2662 

Complete  absorption  beyond. 

4            Si)ectnim  transmitted  to 2S35  3526 

Absorption  band 2836-3400  3626-2938 

spectrum  transmitted  Ii400— 38t)0  2936—2589 

0  162  gram  in  10,000  c.c. 
Thickness  of 
layer  of  liquid 

in  millimetres.             Description  of  si»ect rum.  Va.  A. 

30          '  Spectrum  transmitted  to 2890  3469 

Absorption  band 2890-3305  3469-3024 

8ik"ctrum  transmitted  3305—4030  3024—2480 

20                     „                     ,.       to -jyro  3300 

Absorption  band 2970-3220  3366-3104 

Si>ectrum  transmitted  3220—4190  3104-2384 

15                     ,.                     „       to 3020  3309 

Absorption  band 3020-3140  3309-3184 

Spectrum  ti-ausmitted  3140—4247  3184—2354 

10                     ,,                     „       to 4310  23iy 

8                    „                    ,,       to 1360  2293 

6                    „                    „       to U60  2241 


Benzoylacetone,  Aluminium  Derivative. 

The  aluminlitiii  derivative  of  benzoylacetone,  Al(Cj()HyO.,)3,  is 
readily  prepared  by  adding  an  alcoholic  solution  of  benzoylacetone 
(3  mols.)  to  a  solution  of  aluminium  chloride  (1  mol.)  and  sodium 
acetate   (3  mols.)   in   water.     The   aluminium   derivative   separates 
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immediately  as  a  crystalline  precipitate.  It  dissolves  very  spai*- 
ingly  in  organic  solvents,  but  may  be  recrystallised  from  a  large 
volume  of  hot  alcohol.  It  melts  at  217°,  but  after  being  allowed 
to  solidify  again  melts  at  162°. 

0  170  gram  (1  milligram-equivalent)  in  1000  c.c. 

Thickness  of 
layer  of  liquid 

in  millimetres.             Description  of  spectrum.  ^/\.                       \. 

8            Spectrum  transmitted  to 2800                    3570 

6                    ,,                    ,,            2805                    3565 

Absorption  band 2805—3630  3565—2755 

Spectrum  transmitted  3630—3750  2755—2666 

4                    ,,                     „       to 2810                    3557 

Absorption  band 2810—3560  3557—2809 

Spectrum  transmitted 3560—3800  2809—2631 


0170  gram  in  10,000  c.c. 
Thickness  of 
layer  of  liquid 

in  millimetres.             Description  of  spectrum.  ^/K                       X. 

30            Spectrum  transmitted  to 2830                    3532 

Absorption  band 2830—3480  3532-2873 

Spectrum  transmitted  3480—3870  2873—2583 

25                    „                    ,,       to 2855                    3501 

Absorption  band 2855—3445  3501-2902 

Spectrum  transmitted    3445—3980  2902—2511 

20                    „                    ,,       to   2905                    3441 

Absorption  band 2905-3400  3441-2938 

Spectrum  transmitted  3400—4155  2938—2406 

10                    ,,                    ,,       to 3000                    3333 

Absorption  band 3000—3230  3333-3094 

Spectrum  transmitted  3230—4270  3094—2341 

9                    ,,                    ,,       to 3040                    3288 

Absorption  band 3040-3190  3288-3133 

Si)ectmm  transmitted  3190—4350  3133—2298 

8            Spectrum  weak  3080—3120  3246—3204 

SiMjctrum  tran.smitt<'d  to 4420                    2262 


mthjl  Benzoylacelate,  COPh-CHo'COjEt. 

The  free  ester  was  obtained  from  Kahlbaum  and  was  perfectly 
colourless.  The  aluminium  derivative,  Al(C,iH,jO,,)y,  was  prepared 
by  mixing  an  alcoholic  solution  of  the  ester  (3  mols.)  with  an 
aqueous  solution  of  aluminium  chloride  (1  mol.)  and  sodium  acetate 
(3  mols.),  alcohol  being  added  to  dissolve  any  precipitate  which 
may  be  formed.  The  aluminium  derivative  separates  after  a  time 
as  a  viscous  oil,  which  slowly  solidifies,  and  may  be  recrystallised 
from  hot  alcohol,  in  which  it  is  rather  sparingly  soluble;  it  melts 
sharply  at  135°.  The  absorption  curves  of  these  substances  are 
shown  in  Fig.  1,  in  which  curve  1  is  that  of  the  free  ester,  curve  2 
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is  that  of  the  aluminium  derivative,  curve  3  that  of  the  ester  in 
the  presence  of  sodium  hydroxide,  and  curve  4  that  of  the  aluminium 
derivative  in  presence  of  sodium  hydroxide. 
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FiQ.  1. 


Ethyl  Acetonedicarboorylate. 

The  substance,  which  was  obtained  from  Kahlbaum,  was  quite 
colourless;  it  was  twice  redistilled  and  boiled  at  167°  under  45  mm. 
pressure. 
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The  Ester  in  presence  of  Alkali  Hydroxide. 
0-202  gram  (1  milligram-molecule)  in  100  c.c. 


Thickness  of 

layer  of  liquid 

ill  millimetres. 

30 

20 

10 

8 

6 

4 


Description  of  spectmm. 
Spectrum  transmitted  to 


Va. 

3220 

3250 

3280 

3295 

3305 

3335 


\. 

3105 
3076 
3048 
3034 
3025 
2997 


Thickness  of 
layer  of  liquid 
in  millimetres. 

30 

20 

10 


2-5 


0-202  gram  in  1000  c.c. 


Description  of  spectrum.  7^.  A. 

Spectrum  transmitted  to 3353  2982 

3370  2966 

, 3400  2940 

3418  2925 

3425  2919 

Absorption  band 3425—4040  2919—2474 

Spectrum  transmitted  4040—4220  2474—2369 

to 3437  2908 

Absorption  band 3437—3980  2908-2512 

Spectrum  transmitted  3980—4290  2512—2330 

to 3473  2879 

Absorption  band 3473—3880  2879—2577 

Spectmm  transmitted  3880—4410  2577—2267 

,,       to 3520  2840 

Absorption  band 3520—3800  2840—2631 

Spectrum  transmitted  3800—4415  2631—2265 

to 3565  2804 

Absorption  band 3565-  3750  2804  -2666 

Spectrum  transmitted 3750—4417  26(30—2263 

Spectrum  weak  .  3600—3700  2777—2702 

Spectrum  transmitted  to 4420  2262 


Ethyl  A  cetonedicarhoxylate. 

0-202  gram  (1  milligram-molecule)  in  100  c.c. 

Thickness  of 
aycr  of  liquid 

Description  of  spectrum. 
Spectrum  transniittod  to 


in  millimetres. 
80 
20 
10 

8 

6 

4 


•/A. 

A. 

3557 

2810 

lif.OO 

2776 

3660 

2781 

3668 

2716 

3685 

2712 

3725 

2684 
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Thickness  of 

layer  of  liquid 

in  milliiuetres. 

30 

20 

10 

8 


0  202  gram  in  1000  c.c. 


Description  of  apectrum. 
Spectrum  transmitted  to 


'/A. 

X. 

i765 

2655 

;i835 

•2«07 

4040 

2474 

4140 

2415 

l.'MM 

2380 

4. '-'J 

2336 

43»0 

2277 

Ethyl  Oxaloaeetate. 

The  sample  employed  was  obtained  from  Kablbaum;  it  was 
colourless,  and  when  redistilled  under  27  mm.  pressure  boiled  at 
132— 133^ 

0  188  gram  (1  milligram-molecule)  in  100  c.c.  of  alcohol. 


Thickness  of 
layer  of  liquid 
in  millimetres. 
30 
20 
10 
8 
6 
4 


Description  of  spectrum. 
SjM;ct rum  transmitted  to    


Vx. 

3225 
8270 
3345 
3360 
3365 
3390 


A. 

SlOO 
3057 
2988 
2976 
2971 
2950 


Thickness  of 

layer  of  liquid 

in  millimetres. 

30 

20 

15 

10 

8 

6 

5 

4 


0  188  gram  in  1000  c.c.  of  alcohol. 


Description  of  spectrum. 
Spectrum  transmitted  to  .     . 


Va. 

A. 

3405 

2934 

3420 

2923 

3470 

2881 

3560 

2808 

3730 

S880 

4005 

2496 

4200 

2380 

4365 

2290 

VOL.   LXXXVII. 
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Ethyl  Oxaloacetate  in  Alkaline  Solution. 

0188  gram  in  100  c.c.  of  alcohol. 
Thickness  of 
layer  of  liquid 

in  millimetres.             Description  of  spectrum.                    ^jx.  A, 

30            Spectrum  transmitted  to 2830  3352 

20                    ,,                    ,,            2875  3477 

10                                                                                  2955  3383 

Absorption  baiid ...!^!!...  2955—4050  3383-2468 

Spectrum  transmitted  4050—4170  2468—2397 

8                     ,,                     ,,       to 2980  3355 

Absorption  band 2980—3960     3355—2524 

Spectrum  transmitted  3960—4245         2524—2355 

6  ,,  ,,       to 3010  3321 

Absorption  band 3010—3860  3321—2590 

Spectrum  transmitted  3860—1310  2590—2319 

4  ,,  ,,       to 3070  3256 

Absorption  band 3070—3720  3256—2687 

Spectrum  transmitted  3720—4400  2687—2272 

3  ,,  ,,       to 3130  3194 

Absorption  band 3130—3610  3194—2769 

Spectrum  transmitted  3610—4460  2769—2241 

2-5  ,,  ,,       to 3210  3114 

Absorption  band 3210-3515  3114^2844 

Spectrum  transmitted    3515—4510  2844—2217 

2  Spectrum  weak 3300—3420  3030—2923 

Spectnim  transmitted  to 4540  2202 

Ethyl  Ethoxyfumarate,  COoEt-C(OEt):CH-COoEt. 

This  substance  was  very  kindly  supplied  to  us  by  Dr.  Lander, 
and  its  absorption  spectrum  is  of  especial  interest,  as  the  compound 
may  be  regarded  as  a  derivative  of  the  enolic  form  of  ethyl  oxalo- 
acetate.    The  specimen  boiled  at  135 — 137°  under  11  mm.  pressure. 


0-216  gram  (1  milligram-molecule)  in  100  c.c.  of  alcohol. 


Thickness  of 
layer  of  liquid 
iu  millimetres. 
80 
20 
10 
8 
6 
4 


Description  of  spectrum. 
Spectrum  transmitted  to 


Vx. 

\. 

8260 

3067 

3290 

3039 

3360 

2984 

3360 

2975 

8370 

2966 

3400 

2940 

Thickness  of 

layer  nf  liijuid 

in  uiillimctros. 

30 

20 

16 

10 

8 

6 

4 


0216  gram  in  1000  c.c. 

Description  of  siractrum. 
Si)ectnun  transmittod  to 


Vx. 

\. 

3433 

2912 

3500 

2866 

3650 

2816 

3645 

2742 

3680 

2717 

3720 

2687 

.•»8J0 

2604 
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Thickness  of 

layer  of  liquid 

ill  millimetres. 

SO 

20 

10 

8 

e 

4 


0  216  gram  in  10,000  c.c. 


Description  of  spectrum. 
Spectram  transmitted  to 


'/A. 

A. 

'.^00 

256S 

1U30 

2481 

4190 

2S8« 

4235 

23tfl 

4270 

2341 

43f.5 

2*J^<i 

Ethyl  Acetyl succiiuUe,  CO^,Kt'CHA.c'CH,*COjEt. 

This  substance  was  obtained  from  Kahlbaum  and  on  being  dis- 
tilled boiled  at  a  constant  temperature. 


Free  Eiter. 
0  216  gram  (1  milligram-molecule)  in  100  c.c.  of  alcohol. 


Thickness  of 

layer  of  liquid 

iu  millimetres. 

30 

20 

10 

8 

6 

5 

4 

2 


Description  of  spectrum. 
Spectrum  transmitted  to 


'/A. 

A. 

3550 

2816 

3640 

2746 

3740 

2673 

3825 

2614 

3940 

2637 

4000 

2499 

4030 

2481 

4040 

2474 

0  216  gram  in  1000  c.c. 

Thickness  of 
layer  of  liquid 
in  millimetres.  Description  of  spectrum.  V'^- 

15  Spectrum  transmitted  to 4220 

10  „  ,, 4400 


A. 
2369 
2272 


Ethyl  AcetylsHCcinate  in  presence  of  Alkali  Hydroxide. 
0  216  gram  in  100  c.c. 


Thickness  of 

layer  of  liquid 

in  millimetres. 

30 

20 

10 

8 

6 

4 


Description  of  spectrum. 
Spectrum  transmitted  to 


Va. 

3140 

3170 

3220 

3240 

3260 

3265 


A. 

3183 
3153 
3105 
3085 
3067 
3062 
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Thickness  of 

layer  of  liquid 

n  millimetres. 

20 

10 

8 


1-5 


0-216  gram  in  1000  c.c. 


Description  of  spectrum.  ^/\.  x. 

Spectrum  transmitted  to 3290  3039 

,,             3340  2993 

„                    ,,            3355  2980 

Absopption  band 3355—3980  2980—251 2 

Spectrum  transmitted  3980—4160  2512—2403 

„       to 3365  2971 

Absorption  band 3365—39 1 0  297 1—2557 

Spectrum  transmitted  3910—4235  2557—2361 

,,       to 3390  2947 

Absorption  band 3390—3900  2947—2563 

Spectrum  transmitted  3900—4300  2563—2324 

,,       to 3420  2923 

Absorption  band 3420—3800  2923—263 1 

Spectrum  transmitted  3800—4470  2631—2236 

,,       to 3470  2881 

Absorption  band 3470—3750  288 1—2666 

Spectrum  transmitted  3750—4500  2666—2221 

Spectrum  weak 3500—3700  2856—2702 

Spectrum  transmitted  to 4530  2207 


Ethyl  DiacetyUuccinate,  COgEt'CHAcCHAo'COgEt. 

This   substance   was  obtained  from   Kahlbaum    in   the    form    of 
quite  white  and  well-formed  crystals  melting  at  87°. 


Free  Ester. 
0-27  gram  (1  milligram-molecule)  in  100  c.c.  of  alcohol. 


Thickness  of 

layer  of  liquid 

in  millimetres. 

80 

20 

10 

8 

6 

4 


Description  of  spectrum. 
Spectrum  transmitted  to 


8370 
3405 
8470 
3500 
8583 
3560 


A. 
2966 
2935 
2881 
2856 
2829 
2808 


Thlokneu  of 

layer  of  liquid 

in  millitnetros, 

30 

20 

10 

8 

0 

4 


0  27  gram  in  1000  c.c. 

Description  of  spectrum. 
Spectrum  tranHinittod  to 


Vx. 

X. 

3570 

2801 

8690 

2766 

8680 

2717 

8720 

2687 

8770 

2662 

8840 

2608 
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Thickness  of 
layer  of  liquid 
in  millimetres. 

30 

20 

10 


0  27  gram  in  10,000  c.c. 


Description  of  spectrum. 
Sjiectrum  transmitted  to 


Vx. 

X, 

3870 

2583 

4030 

2480 

4295 

2328 

4375 

2285 

4190 

2227 

Thickness  of 
layer  of  liquid 
in  millimetres. 

30 

20 


15 

10 


Ester  in  pretence  of  AHali  Hydroxide. 
0  27  gram  in  10,000  c.c. 


Description  of  spectrum.  '/X-  X. 

Spectrum  transmitted  to 3193  3131 

3270  3057 

Absorption  band 3270-4000  3057    2499 

Speitruni  transmitted  4U00  -4240  2499—2358 

to  3340  2993 

Absorption  band  3340-3840  2993    2603 

Sjiectruni  tiiinsmitted  3840-4400  2t)03— 2272 
t(.                              3400  2940 

Absorption  band 3400-3800  2940-2631 

Spectrum  transmitted  3800—4400  2631-^2272 

,,       to 3455  2«93 

Absorption  band 3455  -3740  2893-2673 

spectrum  trausu»itted  3740—4490  2673—2227 

Spectrum  weak  3500—3700  2856—2702 

Spectrum  tmusmitted  to 4520  2212 


Ethyl  Benzoylmccinate,  COjEt-CH(COPh)-CH./CO.^Et. 

Tills  substance  was  obtained  from  Kalilbaum,  and  was  perfectly 
colourless.  The  absorption  curves  of  the  ester  in  the  free  state 
and  in  the  presence  of  1,  10,  20,  and  100  equivalents  are  shown  in 
Fig.  2,  curves  1,  2,  3,  4,  5  respectively. 


.1  cetonylacetone. 
0  114  gram  (1  milligram-molecule)  in  100  c.c. 


Thickness  of 
layer  of  liquid 
in  millimetres. 
30 
20 
10 
8 
6 
4 
3 


Description  of  si>ectrum. 
Si>ei'trum  transmitted  to 


Vx. 

A. 

3960 

2525 

4030 

2480 

4110 

2432 

4150 

2409 

4205 

2377 

4280 

2335 

4360 

2293 
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Hydroxy  metlxylentcam'phor. 
This  substance  was  kindly  supplied  to  us  by  Dr.  M.  O.  Forster. 
0180  gram  (1  milligram-molecule)  in  100  c.c.  of  alcohol. 


Tliickness  of 
layer  of  liquid 
in  millimetres.  Description  of  sj^ectrum. 

30  Spectrum  transmitted  to 

20 

10 


3000 


Vx. 

X. 

3060 

3267 

3128 

3196 

3335 

2997 

3355 

2979 

3370 

2966 

3391 

2948 

OsciUatmi  frequencies. 
4  6  8  4000 


Fio.  2. 


)f  spectrum. 

Va. 

X. 

ted  to 

uoo 

2941 

3430 

2914 

•  ■.4  7 II 

•-'881 
28«4 

■6:^1- 

■_'M1 

3810 
4140 

'7  '■'' 

, ,  J  ; 

-•  i  1  . . 

•23-^7 

1  i'-  '  1 

-'•272 

Conelutions. 
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0  180  gram  in  1000  c.c. 
Tliickness  of 
layer  of  li(iuid 
in  millimetres.  Descript 

30  Spectrum  transmitted  to 

20 
10 
8 
6 
4 
3 

2-5 
2-2 
2 
1-5 


In  discussing  the  conclusions  which  may  be  drawn  from  these 
results  it  must  at  once  be  mentioned  that  they  only  refer  to  the 
conditions  under  which  the  substances  exist  in  solutions  of  con- 
centrations varying  from  -V  100  to  -V;  10,000;  whether  the  same 
conditions  exist  with  the  pure  substances  cannot,  of  course,  be  de- 
finitely concluded  from  our  experiments.  There  is,  however,  no 
reason  why  the  constitution  of  the  pure  substance  should  be  ex- 
pected to  differ  materially  from  that  in  solution. 

The  following  conclusions  may  be  drawn : 

1.  In  the  case  of  the  aliphatic  tautomeric  substances,  neither  the 
pure  ketonic  nor  the  pure  enolic  form  gives  an  absorption  band. 

2.  In  solutions  of  the  strengths  dealt  with  by  us  the  pure  ketonic 
form  is  almost  diactinic,  whilst  the  pure  enolic  form  exerts  a 
small  general  absorption. 

3.  When  an  absorption  band  is  given,  it  means  that  the  ketonic 
and  enolic  forms  are  coexistent  and  in  dynamic  equilibrium  with 
one  another — that  is  to  say,  a  number  of  the  molecules  are  oscil- 
lating between  the  two  conditions. 

4.  The  persistence  of  the  absorption  band,  that  is  to  say,  the 
relative  change  of  dilution  or  of  thickness  of  the  solution  during 
which  the  absorption  band  can  be  observed,  is  a  measure  of  the 
number  of  molecules  in  the  changing  state. 

4a.  In  order  that  the  absorption  band  may  be  developed  it  is 
probably  necessary  that  a  considerable  number  of  the  molecules 
must  be  in  the  changing  state. 

5.  The  addition  of  alkali  tends  to  increase  the  persistence  of  the 
band,  whilst  the  addition  of  acid  tends  to  decrease  it. 

6.  The  successive  increase  of  alkali  increases  the  persistence  of 
the  band  until  a  maximum  is  reached,  beyond  which  the  further 
addition  of  alkali  does  not  increase  it. 
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7.  The  absorption  bands  are  given  by  the  aluminium  derivatives 
of  the  tautomeric  substances  as  well  as  by  their  sodium  derivatives ; 
the  former  compounds  are  soluble  in  alcohol,  and  are  neither  hydro- 
lysed  nor  ionised. 

8.  The  oscillation-frequency  of  the  absorption  band  bears  no 
relation  to  the  mass  of  the  atom  in  the  labile  state. 

9.  The  absorption  band  is  due  to  the  change  of  linking  accom- 
panying the  change  from  the  one  form  to  the  other,  and  its  forma- 
tion may  be  explained  by  the  modern  physical  conception  of  the 
atom  as  a  system  of  electrons, 

10.  The  labile  atom  may  be  regarded  as  a  potential  ion,  inas- 
much as  the  bond  of  attraction  or  Faraday  tube  of  force  must  be 
considered  to  be  lengthened  sufficiently  to  allow  of  the  interchange 
of  the  atom  from  the  one  position  to  the  other  within  the  molecule ; 
the  action  of  alkali  and  acid  may  thus  be  considered  to  have  the 
effect  of  lengthening  or  shortening  these  tubes  of  force,  thereby 
increasing  or  decreasing  the  number  of  interchanges  taking  place 
in  unit  time. 

11.  This  view  may  be  taken  of  salts  in  solution,  that  the  bonds  of 
attraction  connecting  the  "ions"  together  are  lengthened  by  the 
solvent.  When  the  length  of  the  Faraday  tubes  is  below  a  certain 
critical  length,  the  salt  is  "  non-ionised."  AVhen  the  average  length 
of  the  tubes  of  force  is  equal  to  or  a  little  less  than  the  critical 
length,  a  few  interchanges  of  ions  between  adjacent  molecules  take 
place,  and  the  salt  is  partially  ionised.  When  the  length  of  the 
Faraday  tubes  is  greater  than  the  critical  value,  then  perfectly  free 
interchange  takes  place  between  the  ions  of  different  molecules,  and 
the  salt  is  completely  "  ionised." 

SPECTROSCOPIC  Laboratory, 

University  College,  London, 


LXXIX. — TJie  Basic  Properties  of  Oxygen  at  Low 
Temperatures.  Additive  Compounds  of  the 
Halogens   rvith    Organic   Substances    containing 

Oxygen. 

\\y   Douglas  MoIntosh. 

Thk  formation  and  decomposition  of  chemical  coinpouiids  are  greatly 
influtMiced  by  tcmpjfraturo.  Many  comp.)un<lB  formed  at  low  tcnipoia- 
tiiroH  are  (k'comjMjHod  at  higher,  and  decomposition  is   usually  asso- 
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ciated  with  a  change  of  valency  in  one  or  more  of  the  elements 
forminjj  the  compound.  In  the  case  of  the  chlorides  of  phosphorus, 
the  pentachloride  at  a  high  temperature  is  broken  up,  yielding  the 
trichloride,  and  the  valency  of  the  phosphorus  is  eaid  to  change  from 
five  to  three.  It  is,  however,  not  necessary  that  a  compound  should 
be  decomposed  to  bring  about  a  change  in  valency.  Liquids,  such  as 
acetic  acid  and  water,  polymerise,  and  this  polymerisation  is  laasened 
by  a  rise  in  temperature.  Here,  doubtless,  the  valency  of  some 
element  is  lowered  and  smaller  molecules  result. 

An  interesting  case  of  change  in  valency  is  exhibited  by  iodine ;  as 
the  temperature  is  raised,  the  molecular  weight  of  the  vapour  becomes 
less,  until  at  1400' it  equals  127.  At  this  temperature,  iodine  does 
not  combine  with  the  elements  with  which  it  unites  at  lower  tempera- 
tures ;  it  is  inert  and  similar  to  the  elements  of  the  helium  group. 
As  the  tem})erature  is  lowered,  the  iodine  molecule  changes  from 
I  to  I-I,  from  the  valency  of  0  to  1.  It  Ls  {M>ssible  that  a  similar 
change  may  take  place  in  the  elements  of  the  helium  group  if  suffi- 
ciently low  temperatures  are  employed,  but  the  experiments  of  Baly 
and  Donnan  (Trans.,  1902,  81,  907)  show  no  polymerisation  in  the 
case  of  liquid  argon. 

It  has  been  i)ointed  out  (Walker,  Mcintosh,  and  Archibald,  Trans., 
1904,  85,  1098)  that  some  organic  substances  containing  oxygen  unite 
with  the  halogen  hydrides  and  that  definite  compounds  are  formed. 
Archibald  and  Mcintosh  have  shown  (Trans.,  1904,  86,  919)  that 
the  amount  of  acid  uniting  with  one  molecule  increases  as  the  tempera- 
ture decreases  until  substances  such  as  (CH3)jO,5HCl  are  produced, 
and  from  the  great  amount  of  heat  given  out  during  combination  have 
inferred  that  the  whole  of  the  hydrogen  chloride  existed  in  the  com- 
pound as  an  integral  part  of  the  molecule  and  not  as  "  acid  of  crys- 
tallisation." If  the  hydrogen  chloride  attaches  itself  to  the  oxygen, 
and  if  the  chlorine  is  regarded  as  a  monad,  the  valency  of  the 
oxygen  must  be  twelve.  But  since  liquefied  hydiogen  chloride,  unlike 
the  corresponding  bromide  and  iodide,  polymerises,  the  chlorine  may 
with  equal  justice  be  viewed  as  a  tervalent,  and  the  oxygen  as  a 
quadrivalent  element. 

To  test  this  point,  the  compounds  of  methyl  ether  and  alcohol 
with  hydrogen  bromide  and  iodide  have  been  investigated  {J.  Amer. 
Chem.  Soc.,  1905,  27,  26)  in  the  hope  of  obtaining  substances  melting 
at  a  low  temperature,  in  which  the  oxygen  has  a  valency  greater  than 
six.  The  compounds,  however,  melted  at  a  comparatively  high  tem- 
perature and  showed  the  oxygen  to  be  a  tetrad,  and  as  the.se  substances 
were  the  most  likely  for  the  purpose  mentioned  above,  it  seemed 
impossible  that  any  organic  substance  with  the  hydride  of  bromine  or 
iodine  would  give  compounds  of  the  type  desired. 
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The  ready  solubility  of  chlorine  and  bromine  in  the  alcohols  and 
ethers  of  the  fatty  series  leads  to  the  conclusion  that  if  compounds 
are  formed  they  will  crystallise  out  at  a  low  temperature.  These 
products  might  be  analogous  to  the  hydrates  of  chlorine  and  bromine, 
or  might  be  compounds  in  wbioh  the  halogen  was  attached  to  the 
oxygen  atom,  and  so  a  test  of  the  limiting  valency  of  oxygen  might 
be  made. 

Experiments  have  now  been  made  with  typical  substances  of  the  six 
classes  of  the  fatty  series  containing  carbon,  hydrogen,  and  oxygen,  ajid 
the  compounds  obtained  are,  I  believe,  new.  Other  additive  compounds 
of  the  same  series  have  been  prepared  at  higher  temperatures,  and  will 
be  referred  to  in  the  final  table. 

Materials. 

The  alcohols  were  dehydrated  by  quicklime  and  copper  sulphate  ; 
the  ethers  by  sodium  or  by  distillation  over  phosphoric  oxide.  The 
acetone  was  redistilled,  the  acetaldehyde  prepared  from  para- 
acetaldehyde,  and  the  acetic  acid  recrystallised  several  times.  The 
ethyl  acetate  was  cooled  to  -  80°,  and  filtered  from  the  acetic  acid 
and  water  which  solidified  ;  it  contained  alcohol,  but  in  too  small  a 
proportion  to  affect  the  analyses  of  the  compounds  obtained.  The 
chlorine,  made  from  hydrochloric  acid  by  means  of  chromic  acid,  was 
passed  through  water  and  a  tube  containing  crystallised  copper 
sulphate  to  remove  the  hydrogen  chloride,  dried  by  phosphoric  oxide, 
and  condensed  by  the  aid  of  solid  carbon  dioxide  and  ether. 

Preparation  and  Analysis  of  Compounds. 

The  organic  liquid  was  cooled  to  -  80°  and  chlorine  added  at  the 
same  temperature.  The  solution  was  accompanied  by  the  evolution 
of  a  small  amount  of  heat,  due  probably  to  the  formation  of  the  com- 
pound. In  the  c^se  of  bromine,  the  solid  was  used  at  -  80",  or  the 
lifjuid  halogen  was  added  slowly  from  a  dropping  funnel.  The 
bromine  dissolved  with  a  slight  development  of  heat,  and  after  some 
few  minutes  a  solid  began  to  crystallise  out, 

Tlie  compounds  exhibit  properties  wliich  differ  greatly  from  the 
analogous  substances  formed  from  the  halogen  hydrides.  Their 
formation  takes  place  with  only  a  slight  evolution  of  heat ;  they  do 
not  readily  form  supersaturated  solutions,  and  their  separation  is 
apparently  not  influenced  by  the  presence  of  the  solid  phase.  They 
can  ))e  ol)tainod  in  long  needles  or  prisms,  are  but  sparingly  soluble 
in  the  organic  substance  from  which  they  are  prepared,  and  have 
definite   melting   points  above  wliich  temperature  substitution  often 
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beglDS,  accompanied  by  much  development  of  heat,  and  as  the  tempera* 
ture  rises  this  action  goes  on  with  increasing  acceleration. 

A  number  of  exjjeriments  were  made  to  determine  the  extent  of  the 
substitution  in  a  liquid  treated  with  chlorine  or  bromine  in  the  manner 
descriljed  above,  by  destroying  the  halogen  and  titrating  the  acid  with 
alkali,  using  phenolphthalein  as  indicator.  The  acid  never  amounted 
to  more  than  0*3  per  cent.  If  substitution  is  allowed  to  occur  to  an 
appreciable  extent,  it  seems  impossible  to  isolate  the  compound  in  the 
crystalline  state.  This  peculiarity  in  an  ether-bromine  compound  has 
been  noticed  by  Schiitzenberger. 

Unless  otherwise  indicated,  each  compound  was  washed  with  its 
organic  constituent  and  dried  by  suction  in  a  jacketed  filter  tube  at  a 
temperature  of  about  -  80^  or,  if  necessary,  -  95°  In  general,  the 
amount  of  halogen  found  will  be  low  on  account  of  the  abeorption  of 
the  other  constituent,  which  has  geherally  a  low  vapour  pressure. 
With  the  alcohol-bromine  compound,  we  shall  have  the  alcohol  and 
bromine  in  etjuilibrium  with  the  additive  substance  : 

CjHjHO  +  Br  r;  C.HjHOBr. 

As  the  alcohol  and  the  bromine  are  removed,  more  of  the  compounds 
will  l>e  decomposed  to  maintain  the  equilibrium.  The  amount  of 
alcohol  occluded  can  be  brought  down  to  a  certain  point  depending  on 
the  relative  vapour  pressures  of  the  bromine,  the  alcohol,  and  the  com- 
pound,  but  cannot  be  completely  removed.  In  this  case,  the  vapour 
pressure  of  the  bi'omine  is  higher  than  the  alcohol,  and  so  the  latter 
will  be  in  excess. 

The  samples  for  analysis  were  removed  from  the  filter  at  intervals 
of  about  ten  minutes,  and  when  bi-ought  into  contact  with  a  potassium 
iodide  solution  were  instantly  decomposed,  the  liljei-ated  iodine  being 
determined  with  decinoruial  sodium  thiosulphate.  All  analyses  made 
are  recorded. 

Alcoliol  Compounds. 

A  crystalline  compound  of  methyl  alcohol  and  chlorine  was  obtained, 
melting  at  -  96°  (chlorine  melts  at  -  102^  and  methyl  alcohol  at 
-  95°).  On  account  of  its  low  melting  point,  the  product  was  not 
analysed,  but  its  composition  is  probably  CH^OCl. 

Ethyl  alcohol  gave  a  similar  compound  melting  at  -  %^'^.  One 
preparation  only  was  analysed,  giving  437  and  449  per  cent,  of 
chlorine.     C^H^jOCl  requires  43-6  per  cent,  chlorine. 

Methyl  alcohol  and  bromine  gave  a  light  red  crystalline  compound, 
melting  at  -  53°.     Three  preparations  were  analysed. 
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No.  of  prepara- 
tion analysed, 
I    


II 


Bromine  found. 
67 '4  per  cent. 
67-5 

68-7 
69-1 
71-5 
72-3        „ 


No.  of  prepara- 
tion analysed, 
III 


Bromine  found. 
69 '7  per  cent, 
69-3 
69-4 
69'7        „ 


CH.OBrg 


and  CH^OBr 


require  Br  =  83'3  and  Br  =  71  4  per  cent, 
respectively.     The  compound,  congequently,  is  CH^OBr, 

Ethyl  alcohol  and  bromine  gave  a  compound  melting  at  -  45°.  The 
analyses  gave  765,  78-0,  774,  77-3;  mean  Br  =773  per  cent.; 
GgHgOBr^  requires  Br  =  77*7  per  cent. 

An  attempt  to  reproduce  this  compound  was  made  with  the  following 
results.     The  compound  melted  at  -61°. 


No.  of  prepara- 
tion analysed, 
I  

Bromine 
57*3  per 
57-5 
57-9 

58-2 

found, 
cent. 

No.  of  prepara- 
tion analysed, 
III    

Bromine  found 
.     .'58 '4  per  cent. 
56-8 
57-2 
54-6 

Mean.... 

.     57-7 

Mean 

.     57-3        „ 

II  

.     56-9 
56-7 
59  0 
57-5 

# 

Mean. 


57-5 


or  for  the  three  preparations,  Br  =  57*5  per  cent.,  which  corresponds 
roughly  with  CgHgOBr. 

It  might  be  thought  that  bromine  was  precipitated  with  the  first 
compound,  and  that  chance  was  responsible  for  the  close  approximation 
to  the  formula  C^HgOBrj,  but  this  could  not  have  been  the  case,  since 
the  product  was  washed  several  times  with  alcohol.  Perhaps  CjHgOBr 
and  CjHjjOBr^  may  both  exist,  and  the  temperature  at  which  the 
phases  are  itj  ecjuilibrium  may  be  near  -  80".  The  proper  tempera- 
ture might  have  been  maintained  during  one  experiment  and  the 
C^HgOBfj  precipitated. 

Ether  Compounds. 

No  solid  product  could  be  obtained  from  methyl  ctlior  and  ciiloriiio 
even  at  a  temperature  of  -  95".  Since  heat  is  developed  it  80oms 
probable  that  a  compound  would  be  obtained  if  the  temperature  were 
luworod  Hiiliiciuntly 

With  bromine,  beautiful  red  needles,  which  molted  at  -  68°, 
were  |>recipitated.     The  analysis  of  one  preparation  gave  73'4,   79-0;| 
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791,  79-3  ;  mean  Br  =  78-9  per  cent.,  whilst  the  compound  (CH,),OBrj 
retjuires  Br  =  77*7  per  cent. 

In  these  analyses,  the  amount  of  the  halogen  was  greater  than  the 
theoretical,  although  the  substance  was  washed  with  methyl  ether. 
The  explanation  is  simple.  At  -  80°,  the  methyl  ether  has  probably  a 
higher  vapour  pressure  than  the  bromine.  Methyl  ether  was  removed 
by  the  air  until  the  equilibrium  point  was  reached,  and  so  an  excess  of 
bromine  was  present. 

Ethyl  ether  and  chlorine  yielded  a  white,  crystalline  product 
melting  at  -  51"^. 


No.  of  prejwra- 
tion  analysed. 
I  


Mean. 


Chlorine  found. 

42  1  ptT  cent. 

40-5 

43-7 

42 -1 

Ka  of  prepara- 
tion analysed. 
Ill    

L'hiuniie  louuii 
43*6  |>er  cent. 

IV 

45-7 

45  1 
45-5 

II 


Mean . 


42  1 


43  •:i 
42  7 

43-9 


(Preparations  I  and  II  were  washed  with  ether;  III  and  IV  with 
liquefied  chlorine). 

C^HioOCl  and  C^HioOCl.^  require  324  and  489  per  cent,  of  chlorine 
respectively  ;  hence  the  product  has  the  latter  formula. 

Bromine  and  ether  gave  long,  reddish-yellow  needles,  melting  at 
-40^. 


No.  of  prepai-a- 

tion  analysed.  Bromine  found. 

I  66*3  p<r  cent. 

64-8 

65-9 

67-5 

Mean 661 


No.  of  prepara- 
tion analysed. 
II  


Mean. 


Bromine  found. 

65  8  per  cent. 

67  0 

641 

66-7 

65-9 


C^Hj^OBr.^  contains  68'4  per  cent,  of  bromine  and  the  compound, 
therefore,  consists  of  one  molecule  of  ether  and  two  atoms  of  bromine. 

Schiitzenberger  {Annalen,  1873,  167,  86)  described  a  compound  of 
bromine  and  ether,  C^HjoOBrg,  melting  at  22^;  this  substance  was 
easily  prepared  by  following  Schutzenberger's  directions,  but  it  was 
not  analysed. 
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Acetone  Coinpound. 

A  white,  crystalline  compound,  melting  at  -  53°,  appears  immedi- 
ately on  mixing  acetone  and  chlorine.     The  analytical  results  were ; 


No.  of  prepara- 
tion analysed. 

I  

(waslied  with 
acetone) 

Mean... 


Chlorine  found. 
49 '4  per  cent. 
51-4         ,, 
52-0 
51-1        „ 

510 


No.  of  prepara- 
tion analysed. 

II  

(washed  with 
chlorine) 


Chlorine  found. 
55 '5  per  cent. 
55-8 
54-2 
54-5 


Mean 550 


CgHgOCl  and  CgHgOClg  require  37*9  and  550  per  cent,  of  chlorine 
respectively  ;  the  substance  has  therefoi'e  the  latter  formula. 

Bromine  gave  a  light  yellow  compound,  which,  on  account  of  its  high 
melting  point  ( -  1 2°),  could  be  easily  dried. 


No.  of  prepara- 
tion analj'sed. 
I   


Mean. 


Bromine  found. 
67  4  per  cent. 
66-2 

70-5        „ 
71-1 
68-8 


No.  of  i)repara- 
tion  analysed. 
II  


Bromine  found. 

68  "5  per  cent. 

67-2 

64-7 

68-9 


Mean 67-3 


A  compound  consisting  of  one  molecule  of  acetone  and  two  atoms  of 
bromine  would  contain  73'4  per  cent,  of  bromine,  whilst  one  composed 
of  two  molecules  of  acetone  and  three  atoms  of  bromine  require 
Br  =  67'4  per  cent.  It  was  inferred,  from  the  above  analyses,  that  the 
product  was  (C3HgO)2Br3.  But  this  compound,  although  apparently 
perfectly  dry,  occluded  a  large  amount  of  acetone.  Taking  advantage 
of  some  very  cold  weather,  the  product  was  dried  and  weighed  out 
of  door.s. 

Analysis  of  two  specimens  gave  the  following  results  : 


No.  of 
preparation  analysed. 

Ill 

IV 


Bromine  found. 
08  fl,  69-7  percent. 
71 T.,  72-5 


(Preparation  III  was  dried  by  suction;  preparation  IV  by  pressing 
botwoon  layers  of  filter  paper). 

The  foriiiula  is,  therefore,  C.,n„OBrjj. 
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Ethyl  Acetate  Compounds. 
With  ethyl  acetate  and  chlorine,  a  compound  melting  at    -  64"  was 


obtained. 

No.  of  prepam- 

tion  analysed.  Chlorine  found. 

I   51-4  1..I  .•.lit. 

(washed  with  50  9 

etliyl  acetate)  Sis 

Mean 51  "7         ,, 


No.  of  prepara- 
tion analyiMxl. 

U   

(washed  with 
chlorine) 


Chlorine  found. 
55 '7  per  t-ent. 
55-3 
54  > 
54-4 


Meaii 55-0 


This  compound  is  therefore  CHj'COj'CjHjClj,  which  contains  547 
per  cent,  of  chlorine. 

With  bromine,  a  red  compound,  melting  at  -  39°,  i.s  ca»iJy  pre- 
pared. The  analytical  i-esults  for  one  pre|>aration  were  705,  71  "6, 
69-5,  70-2  ;  mean  Br -70-5  per  cent.,  whilst  compounds  consisting  of 
one  molecule  of  ethyl  acetate  to  two  atoms  of  bi-omine  and  one  of 
ethyl  acetate  to  three  atom->  of  bromine  requii-e  64*5  and  73  2  per 
cent,  respectively.     The  formula  is,  therefore,  CHj'CO^'CjHjBrj. 


Compowuls  mth  Aldehydes. 

Acetaldehyde  shows  evidence  of  forming  compounds  with  the 
halogens,  a  small  amount  of  heat  being  evolved  in  the  addition,  which 
is  similar,  apparently,  to  those  reactions  previously  mentioned.  But 
these  compounds  are  soon  broken  up,  and  para-  and  meta-acetiildehydes 
are  produced  with  a  very  great  heat  evolution.  This  "catalytic" 
change  is  bi-ought  about  with  very  great  rapidity  by  means  of  the 
smallest  quantity  of  iodine  ;  the  reaction  is  slower  with  bromine,  and 
very  much  slower  with  chlorine.  The  chloiine  compound,  which  was 
probably  very  impure,  melted  at  —IP.  It  was  washed  with  liquid 
chlorine  and  seemed  dry  when  taken  for  analysis.  The  results  were 
311  and  30  4  per  cent,  chlorine.  (CH3-CH0)j,Cl  and  (CH3'CH0)3C1, 
require  28- 7  and  35  0  percent,  of  chlorine  respectively. 

When  left  in  the  filter  tube  for  twenty  minutes,  the  percentage  of 
chlorine  fell  to  27,  and  after  an  hour  to  3.  The  dry  cold  aii-  had 
removed  nearly  all  the  chlorine,  and  impure  para-acetaldehyde, 
melting  at  6°,  remained. 

With  a  second  preparation,  thiee  analyses  gave  32"1,  30*2,  and  32  4 
per  cent,  of  chlorine.  The  halogen  was  completely  removes!  after 
jmssing  dry  air  over  the  substance  for  an  hour. 
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Compounds  with  Acetic  Acid. 

This  acid,  melting  at  16°,  is  only  slightly  soluble  in  bromine  or 
chlorine.  Solutions  were  made  in  various  solvents,  such  as  alcohol, 
and  the  halogen  was  added  to  these  mixtures.  A  compound  was 
undoubtedly  formed  in  both  cases,  but  was  contaminated  with  acetic 
acid.  The  analyses  indicated,  in  general,  ratios  varying  between  two 
and  three  molecules  of  the  acid  to  one  atom  of  the  halogen — results 
which  may  be  far  from  the  truth. 

In  the  following  table  are  placed  the  results  of  the  experiments 
described  above,  together  with  the  formulae  of  the  additive  halogen 
compounds  described  by  others,  and  the  approximate  temperatures  at 
which  these  substances  melt.  No  general  rule  can  be  given  for  the 
influence  of  temperature  on  the  amount  of  the  halogen  added. 
Chlorine  and  bromine  unite  in  the  same  proportion  with  the  organic 
compounds,  and  the  oxygen  atoms  retain  the  power  of  taking  up  the 
same  number  of  halogen  atoms  over  a  wide  range  of  temperature. 
Hydroxylic  oxygen  unites  with  one  atom  of  a  halogen ;  ketonic  and 
ethereal  oxygen  with  two.  No  doubt  a  large  number  of  compounds 
belonging  to  these  series  could  be  produced  at  other  temperatures. 


Collected   Results. 


Compound.  M.  p. 

CsHgOCla    -53' 

CsHgOHra    -12 

CH3-C02-C2H5,C1:, -64 


39 


11 


Compound.  M.  p. 

'(HaO)8Cl,    8° 

t(HaO)ioBra 6 

CH4OCI  (0 -96 

CaHeOCl     -88 

CH^OBr ..  -55 

CjHflOBr -61 

(CH3)20Bra -68 

C^HioOCI., -61 

C^HioOBij -40 

tC4H,oOBi3 +22 

•  Roozeboom,  lice.  Trav,  chivi.,  1884,  3,  59  ;  1885,  4,  69, 
t  Ibid.,  1884,  8,  73  ;  1885,  4,  71. 
X  Schiitzcnberger,  Annalcn,  1873,  167,  86. 

H  and  II  Distillatea  of  constant  compositions.     Schiitzeuberger,  Ber.,  1873,  6,  71  ; 
Kraft,  AiniaUn,  1864,  129,  50. 
I  Hell  and  MUhlhiiusen,  Her.,  1878,  11,  244  ;  Steiner,  ibid.,  1874,  7,  184. 


CHs'CO/CoHs.Br., 
1I(CH3-C02-C2HB)2,Br3 
II   CHs-COa'CjHe.Bia 

(CH,-CHO)3,Cl2  (?) 
§  (CaHABrjj.HHr  ... 
§  (02H,OBr)2,HCl    ... 


Although  the  constitutions  of  compounds  are,  in  general,  only  of 
value  in  ho  far  ns  they  arc  doterininod  through  chmnical  reactions,  it 
HeomH  worth  while  to  endeavour  to  fix  the  probable  constitutions  of 
Home  of  the  typical  compounds  du.scribod  above,  and  whilst  it  may  be 
argued  that  these  Hul)HtancoH  are  "  molecular  compounds  "  and  do  not 
differ  from  ttalts  with  water  or  alcohol  of  crystallisation,  they  are,  at 
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least,  less  complex.  Some  of  the  liquids  used  in  forming  the 
compounds  are  highly  associated,  as,  for  example,  the  alcohols,  whilst 
others,  such  as  the  ethers,  consist  of  simple  molecules.  The  additive 
compounds  are  formed  from  members  of  these  two  classes  with 
equal  readiness  and  the  association  of  the  conatituente  does  not  affect 
the  constitutions. 

In  the  classes  of  substances  studied,  oxygen  is,  under  certain 
conditions,  quadrivalent  at  low  temperatures,  and  the  halogens  are 
probably  tervalent  elements.  From  the  foregoing  formulte,  it  seems 
impossible  to  give  to  oxygen  a  higher  valency  than  four,  and  in  the 
constitutions  of  the  compounds  described  above  one  may  regard  oxygen 
and  bromine  *  as  having  valencies  of  four  and  three  respectively. 

The  dibromine-ether  compound    may  have   the    graphical    formula 

C^H,qO\t^  ,  but  with  the  tribromine  compound,  in  order  that  all 

the  linkings  may  be  satisfied,  it  is  necessary  to  double  the  formula. 
If  this  is  done  in  both  cases,  the  constitution  for  the  dibromine- 
ether  will  be  C^HioOIBr-BrlBr'BrlOO^Hnj,  and  similarly  with  the 
tribromine  compound. 

If  the  second  constitution  is  correct,  it  is  probable  that  the  sub- 
stance will  not  be  ionised,  for  there  is  no  place  where  the  molecule 
can  dissociate  and  yield  ions.  The  molecular  conductivity  in  a 
3/iV^solution  was  only  0"002,  but  perhaps  better  conduction  could 
not  be  expected  in  a  non-ionising  medium  such  as  ether. 

The  alcohol-bromine  compound  pi-obably  has  the  c*on6titution 
CH^OIBr'BrlBr'BrlOCH^,  and  here,  too,  we  could  not  expect 
ionisation.  Its  solution  gave  a  molecular  conductivity  of  0'006, 
which  might  easily  be  accounted  for  by  the  formation  of  small 
amounts  of  hydrogen  bromide. 

The  formula  of  the  ketone  compound  must  be  doubled  and  we  shall 
have  for  the  bromine-ketone  derivative,  CjH^OiBr'BriBr-BrlOCjHj. 

Liquid  ethyl  acetate  is,  according  to  Bamsay  and  Shields,  an 
unassociated  substance,  and  we  may  regard  it  as  containing  a 
hydroxyl  and  a  ketonic  oxygen  atom.  If  these  atoms  are,  as 
regards  their  powers  of  forming  additive  compounds,  independent, 
we  shall  expect  ethyl  acetate  to  take  up  three  atoms  of  bromine 
or  chlorine,  since  the  hydroxylic  oxygen  atom  takes  up  one  halogen 
atom,  and  the  ketonic  oxygen  two.     This  we  find  to  be  the  case. 

The  constitution  might  then  be  expressed  by  doubling  the 
formula,  and  having  a  single  linking  between  the  two  bromine 
atoms  attached  to  the  hydroxylic  oxygen  atoms. 

Organic  chemistry  has  for  many  years  been  mainly  the  chemistry 

*  Aston  and  Ramsay  (Trans.,  1904,  65,  167)  show  that  liquid  bromine  is  Bfj, 
but  it  is  impossible  to  say  whether  the  linking  in  the  molecule  is  single  or  triple. 
VOL.   LXXXVII.  3   H 


V94      JOWETT  :   THE   CONSTITUTION   OF   PILOCARPINE,      PART   V. 

of  substitution  brought  about  generally  by  high  temperatures. 
Another  side  of  organic  chemistry — not  without  interest — is  the 
study  of  additive  products  which  are  formed  at  low  temperatures. 
A  few  of  these  compounds  have  been  described,  but  many  more 
may  exist,  the  study  of  which  might  help  to  solve  some  of  the 
problems  of  organic*  and  inorganic  chemistry. 

In  conclusion,  I  wish  to  express  my  thanks  to  Dr.  B.  J.  Harrington 
and  to  Dr.  J.  W.  Walker  for  advice  and  interest  shown  during  the 
progress  of  this  research. 

Macdonald  Chemistry  Building, 

McQiLL  UNIVERSIT7,    MONTREAL 


LXXX. — The    Constitution    of  Pilocarioine.      Part    V. 
Conversion  of  \soPiloca7'pine  into  Pilocarpine. 

By  Hooper  Albert  Dickinson  Jowett. 

Although  the  constitutional  formula  of  tsopilocarpine, 

C,H,-9H.(pH-CH2-C-N(CH3) 

GO  CH,      HC -N^      ' 

\/ 
O 

inay  be  considered  to  be  established,  the  relation  between  the  two 
isomeric  alkaloids,  pilocarpine  and  isopilocarpine,  cannot  be  regarded 
as  settled.  In  a  previous  communication  (Trans.,  1903,  83,  438),  this 
question  was  discussed,  and  it  was  shown  that  the  evidence  on  the 
^hole  favoured  the  wioyf  that  the  alkaloids  were  stereoisomerides. 
The  chief  arguments  in  favour  of  this  view  are  (1)  the  great  similarity 
both  in  chen»iciil  properties  and  physiological  action  existing  between 
the  alkaloids ;  (2)  the  ease  of  conversion  of  pilocarpine  into  /sopilo- 
carpino ;  (3)  the  fact  that  the  absorption  spectra  of  the  nitrates  of  the 
two  alkaloidH  are  absolutely  identical ;  and  (4)  that  it  is  diihcult  to 
account  for  the  isomerism  on  structural  grounds.  On  the  other  hand, 
the  arguments  against  stereoisomerism  and  in  favour  of  striutural 
isomerism  were  (1)  the  difference  in  behaviour  of  the  alkaloids  towards 
bromine  and  water  at  100°  under  pressure,  when,  in  the  case  of  pilocar- 
pino,  l)romofarpinic  acid,  (.',(, I r,rP^N„nr,  was  produced,  whilst  with 
Mopilocarpiiio  dibromoj^opilocurpinic  acid,  CjjMi^O^NjjlJrj,  was  formed; 

•  Hoc  Nof,  J.  Atncr.  Chemt  Soc,  1004,  26,  1540 
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and  (2)  the  difference  in  their  behaviour  towards  chromic  acid,  pilocar- 
pine yielding  pilocarpoic  acid,  CjjHjjO^Nj,  whilst  in  the  case  of 
i«opilocarpine  no  definite  product  could  be  ibolatod. 

With  regard  to  the  first  argument,  it  was  pointed  out  that  the  apparent 
difference  in  the  action  of  bromine  might  be  accounted  for  by  assuming 
that  a  similar  reliction  occurred  in  each  case,  but  that  the  isomeric  pro- 
ducts differed  in  their  facility  of  crysUiUisiug  ;  in  each  case  the  yield  of 
crystalline  acid  is  small,  thus  proving  tliat  the  substance  isoIate<I  does 
not  represent  the  whole  product  of  the  reaction,  and  furthermore  the 
alkaloids  are  known  to  yield  isomeric  substances  differing  in  their 
ability  to  crystalliso,  for  example,  pilocarpine  methiodide  is  amorphous, 
whilst  txopilocarpine  methiodide  is  crystalline.  Thus  it  is  possible 
that  brumocarpiuicacid  is  crystttlliue,  whilst  bromoMocarpinic  acid  is 
amorphous,  and  dibromopilocarpinic  acid  amorphous,  whilst  the  corre- 
sponding isomeride  is  crystalline. 

With  respect  to  the  second  argument,  it  was  shown  {loc.  cit.)  that 
the  reaction  of  pilocarpine  with  chix)mic  acid  had  not  been  sufficiently 
studied  to  admit  of  any  deduction  being  made  in  favour  of  either 
theoi-y.  In  the  meantime,  the  action  of  chromic  acid  on  pilocarpine 
and  the  properties  of  the  two  bromo-acids  above  mentioned  have  been 
further  studied  by  Pinner  (Ber.,  1905,  38,  1510).  He,  however,  is  of 
opinion  that  the  isomerism  is  not  due  solely  to  stereochemical  causes, 
but  that  the  alkaloids  are  structural  isomerides,  and  that  this  isomerism 
depends  on  the  point  of  attachment  of  the  pilopic  complex,  CjHuOo, 
to  the  glyoxaline  ring.  But  as  1  havej  previously  pointed  out,  there 
ai-e  several  objections  to  this  explanation. 

The  three  possible  formulae  are  : 

^'n§-™>CH  .  o,H..o:'§:^>CH  .         • 

I.  II. 


^§:!^?!>c-c,H.A. 


III. 

If  I  be  accepted  as  the  constitutional  formula  for  isopilocarpine, 
then  pilocarpine  must  be  represented  by  formula  II  or  III.  But  II  is 
so  similar  to  I  that  it  would  not  explain  the  apparent  difference  in  the 
behaviour  of  the  alkaloids  towards  bromine  or  chromic  acid,  whilst  III 
is,  as  Pinner  admits,  improbable,  for  it  is  difficult  to  conceive  how  the 
group  C;H„0.,  could  pass  from  the  carbon  atom  to  the  other  as 
requii-ed  in  formula  I. 

Furthermore,  if  such  a  change  took  place  in  the  case  of  the  grouping 
such  as  CyHjjOj,  one  would  expect  it  to  occur  with  greater  facility 

3  H  2 
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when  this  complex  is  replaced  by  a  simpler  group  such  as  CHg.  But 
the  three  glyoxalines  of  the  following  formulae  are  known  : 

CH3-C.N(CH3)  .        HC.N(CH3)  ,    HC-N(CH3) 

HC N>^^  •  CH3-C N>^^  •    HC N>^'^^3. 

and  in  the  course  of  their  preparation  have  been  distilled  at  a  some- 
what high  temperature  (above  200°).  Therefore  no  such  change 
occurs  with  these  simple  glyoxalines,  and  it  is  unlikely  that  a  group 
such  as  CyHjjOg  would  migrate  when  the  simple  CH3  group  shows  no 
such  tendency. 

Pinner's  recent  work  also  affords  an  explanation  of  the  apparent 
difference  in  the  reaction  of  the  alkaloids  with  chromic  acid.  He  has 
shown  that  pilocarpoic  acid  can  be  converted  into  the  isomeric  {so- 
pilocarpoic  acid  by  means  exactly  analogous  to  those  employed  for 
converting  pilocarpine  into  tsopilocarpine,  and  there  is  little  doubt  that 
the  same  relation  exists  between  the  isomeric  acids  as  between  the 
alkaloids.  The  failure  to  isolate  the  isopilocarpoic  acid  from  the  reaction 
of  isopilocarpine  with  chromic  acid  would  therefore  appear  to  be  due 
solely  to  experimental  difficulties. 

Pinner's  chief  argument  against  stereoisomerism  is  open  to  serious 
objection.  He  states,  "The  conversion  of  pilocarpine  and  its  deriv- 
atives into  the  i«o-form  cannot  be  simply  a  stereochemical  rearrange- 
ment, but  must  consist  in  a  change  in  the  arrangement  of  the  atoms 
to  each  other.     For  stereochemical  isomerism  is  only  possible  in  the 

,      C^H.-CH-CH-CH^-       .  ,,       <.  p    , 

complex     '        •       I  ^  .     As  a  matter  01  tact,  one  always  obtains 

CO   L/Jrl, 

\/ 

0 

isomeric  compounds  from  pilocarpine  and  zsopilocarpine  so  long  as  the 

glyoxaline  ring  remains  intact.     As  soon  as  compounds  are  formed  in 

which  this  group  no  longer  exists,  it  is  immaterial  whether  pilocarpine 

or  wopilocarpine  is  selected  as  the  initial  material.     Consequently  the 

.      .  .  •    .u  1      CaHj-CH-CH-CH^-  ,    ,        ,, 

isomerism  cannot  exist  in  the  complex     '       X  ^  Xtr  >  but  must  be 

\/ 

0 

in  the  glyojuiline  ring,   'm'^^^"^^>CH." 

Pinner's  argument,  therefore,  is  that  if  the  isomerism  is  in  the 
CVlIjjOj  comi>Iex  one  ought  to  obtain  isomeric  homopilopic  and  pilopic 
acidfi  corresponding  to  pilocarpine  and  wopilocarpino.  Whereas  both 
alkaloids  yield  on  oxidation  the  same  homopilopic  acid.  But  this  fact 
i»  readily  oxplainod  when  it  is  considered  that  the  homopilopic  or 
pilopic  acid  is  funned  in  lliu  {xesoncc  uf  alkali,  and  is  purified  by  the 


CONVERSION  OF   ISOPILOCARPINE   INTO  PII/X?ARPINE.       797 

distillation  of  its  ester,  both  of  which  conditioos  would  ensure  con- 
version into  the  wo-form. 

The  only  valid  argument  against  stereoisomerism  and  in  favour  of 
structural  isomerism  seems  to  be  the  apparent  di£ference  in  the 
behaviour  of  the  alkaloids  towards  bromine  at  100°  but  the  explana- 
tion offered  for  this  appears  to  be  satisfactory.  However,  more 
experimental  evidence  on  this  point  is  desirable,  and  the  investigation 
of  the  action  of  bromine  under  similar  conditions  on  the  different  di- 
methylglyoxaliues  should  throw  some  light  on  the  subject,  and  this 
inquiry  is  already  in  hand. 

There  seemed  to  be  one  experiment  which  would  almost  settle  the 
question  of  the  nature  cf  the  isomerism.  If  the  alkaloids  are  stereo- 
isomerides,  then  the  conversion  of  pilocarpine  into  ij^opilocarpine  should 
not  be  complete,  but  a  state  of  equilibrium  should  result.  By  acting 
on  t«opilocarpine  under  the  conditions  which  convert  pilocarpine  into 
i^opilocarpino,  for  example,  heating  with  alkali,  the  .same  state  of 
equilibrium  should  be  formed,  and  it  should  then  be  possible  to  isolate 
some  pilocarpine  from  this  mixture. 

If,  on  the  other  hand,  the  alkaloids  are  structural  isomerides,  this 
reverse  change  should  not  be  possible.  For  it  must  be  assumed  that 
one  isomeride,  namely,  tjtopiloirarpine,  is  the  more  stable  under  the 
conditions  of  experiment,  and,  as  no  possibility  seems  to  exist  for 
tautomerism,  then  this  moi-e  stable  isomeride  could  not  pass  into  a 
less  stable  one  by  the  reagent  which  has  already  produced  the  more 
stable  isomeride. 

This  experiment  would  therefore  appear  to  definitely  settle  the 
question,  for  if  j«opilocarpine  could  not  be  converted  by  alkali  into 
pilocarpine  then  the  isomerism  cannot  be  solely  stereochemical,  but  if 
this  convei'sion  does  take  place,  then  structural  isomerism  is  extremely 
improbable,  and  the  isomerism  must  be  due  to  the  racemisation  of  the 
asymmetric  carbon  atom  adjacent  to  the  carboxyl  group.  The  relation 
between  the  alkaloids  might  thus  be  represented  as  follows  : 

CO  CH..      HC N 


Y 


Pilocarpine. 


I                  "    I  >CH. 

CO  CHo      HC W 

O 

isoPilocarpine, 
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A  quantity  of  pure  isopilocarpine  nitrate  (m.  p.  159°;  [a]D  +  35  7°) 
was  recrystallised  from  alcohol,  and  the  mother  liquors  evaporated  to 
a  small  bulk.  The  crystals  which  separated  from  the  mother  liquor 
melted  at  159°,  thus  proving  the  homogeneity  of  the  salt. 

Fifty  grams  of  the  nitrate  first  mentioned  were  converted  into  the 
base,  dissolved  in  alcohol,  30  grams  of  potassium  hydroxide  in 
alcoholic  solution  added,  and  the  whole  heated  on  a  water-bath  in  a 
reflux  apparatus  for  3  hours.  The  base  was  regenerated  and  converted 
into  the  nitrate,  which  was  then  fractionally  crystallised.  The  first 
fraction  (40  grams)  melted  at  159°,  and  had  [a]D  +  36"2°.  It  was 
therefore  pure  isopilocarpine  nitrate. 

From  the  mother  liquors,  two  crops  of  crystals  were  obtained,  both 
of  which  melted  at  144°  and  had  [a]D  +  58'7°.  As  the  melting  point 
of  these  two  crops  of  crystals  was  not  altered  by  recrystallisation,  they 
were  converted  into  the  hydrochloride  and  then  crystallised  from 
absolute  alcohol.  After  three  recrystallisations,  a  product  was  obtained 
melting  at  201°,  and  a  determination  of  its  specific  rotation  in  water 
gave  ao  +  1°44' ;  ;  =  2dcm. ;  c  =  0-9336;  [a]D  +  92-8°. 

Pilocarpine  hydrochloride  melts  at  204°  and  has  [a]p  +  9r7°. 
In  order  to  finally  prove  the  identity  of  this  substance  with  pilocarpine, 
the  hydrochloride  was  converted  into  the  nitrate.     The  nitrate  melted 
at  177 — 178°,  and  the  melting  point  was  unchanged  when  mixed  with 
an  equal  quantity  of  pilocarpine  nitrate. 

The  first  fraction  obtained  in  the  experiment  was  recrystallised, 
and  then  treated  in  the  same  manner  with  alcoholic  potash,  and  a 
small  quantity  of  pilocarpine  nitrate  (m.  p.  176°)  isolated  fro^i  the 
resulting  product. 

It  was  therefore  absolutely  proved  that  pure  tsopilocarpine  nitrate, 
like  pilocarpine  nitrate,  is  converted  by  the  action  of  alcoholic  potash 
into  an  equilibrium  mixture  consisting  chiefly  of  tsopilocarpine  with  a 
small  percentage  of  pilocarpine.  This  experiment  therefore  affords 
further  evidence  that  pilocarpine  and  isopilocarpine  are  not  structural 
ifiomerides  but  stereoisomorides. 

The  Wellcome  Chemical  Rkseakch  LAB0KAT0H^!:8, 
London,  E.C. 
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LXXXI. — Tlie    Chlorination  of  Methyl   Derivatives   of 
Pyridine.     Part  I.     2'MethyIpyridine. 

By  William  James  Sell,  M.A.,  P.R.S. 

Few  changes  among  analogues  show  a  greater  diflferenee  and  exemplify 
better  the  intluence  of  the  nitrogen  atom  tlian  the  direct  action  of 
chlorine  on  benzene  and  toluene  as  oontrast«d  with  its  affect  on  pyridine 
and  picoline.  In  the  former  series,  as  is  well  known,  no  great 
ditticultyis  experienced  in  obtaining  fairly  reguUir  chlorination  and  good 
yields,  whilst  in  the  latter  the  molecule  fur  the  most  part  breaks  down 
and  the  products  form  a  tar-like  mass,  from  wluch  mere  traces  of  a 
mixture  of  chlorinated  derivatives  can  be  isolated.  Moreover,  2-meth)'l- 
pyridine,  unlike  pyridine,  blackens  at  once  when  heated  with  phosphorus 
pentachloride  either  with  or  without  phosphorus  oxychloiide,  and 
further  experiments  with  this  reagent  were  abandoned. 

In  these  circumstances,  recourse  was  had  to  the  process  found  success- 
ful in  the  case  of  pyridine  (Trans.,  1899,  76,  979),  namely,  the  direct 
chlorination  of  2-methylpyridine  hydrochloride  saturated  with  hydro- 
chloric acid,  the  product  thus  formed  remaining  liquid  at  the  ordinary 
temperature  of  the  laboratory.  According  to  Ramsay  (/V«i7.  Mtuj., 
1876,  II,  [iv],  2),  "picoline  hydrochloride  is  not  acted  on  by  chlorine 
even  when  heated  with  it,"  but  whilst  this  statement  was  found  to  be 
true  at  the  oi'dinary  temperature,  it  ceases  to  be  so  as  the  temperature 
rises,  and  at  105 — 110^  the  hydi-ogen  is  rapidly  replaced  without 
darkening  and  substitution  derivatives  are  readily  produced.  How  far 
this  difference  is  due  to  the  fact  that  in  the  work  here  recorded  the 
2-methylpyridine  hydrochloride  was  saturated  with  hydrochloric  acid 
remains  to  be  seen. 

It  is  hoped  that  conditions  may  be  found  under  which  the  hydrogen 
of  the  side-chain  and  nucleus  may  be  separately  replaced,  but  so  far  the 
experiments  have  in  the  main  been  confined  to  the  study  of  a  moi-e 
complete  displacement  in  which  both  the  hydrogen  of  the  methyl 
group  and  the  nucleus  has  been  involved.  So  fai%  the  only  solid 
substance  isolated  as  the  i-esult  of  the  chlorination  is  hexachloropicoline, 
melting  at  102 — 103*^,  the  composition  of  which  is  repi-esented  by  the 
formula  C^HClgN.  This  compound  readily  yields  successively  trichloro- 
picolinic  acid  and  trichloropyridine.  The  hexachloropicoline  Ls  isomeric 
with  the  substance  (m.  p.  60^)  obtained  by  Ost  (J.  pr.  C/iem.,  1893,  [ii], 
27,  257)  by  the  action  of  phosphorus  pentachloride  on  comenamic  acid. 
In  addition  to  the  foi-egoing  compound,  there  is  a  liquid  product  consist- 
ing of  less  highly  chlorinated  compounds,  the  work  on  which,  although 
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advanced,  is  still  incomplete  and  will  form  the  subject  of  a  further 
communication. 

It  is  worthy  of  remark  that  there  is  a  total  absence  of  the  dipyridyl 
derivative,  of  which  such  a  large  quantity  was  produced  in  the  chlorina- 
tion  of  pyridine  hydrochloride  (Trans.,  1899,  75,  979  ;  1901,  79,  899). 
This,  of  course,  was  expected,  seeing  that  the  2-position — to  which  the 
second  pyridine  nucleus  is  attached — is  in  this  instance  occupied  by  the 
methyl  group.  The  solid  compound  (m.  p.  102 — 103°)  already  mentioned, 
when  gently  heated  with  approximately  eighty  per  cent,  sulphuric 
acid,  gives  a  nearly  quantitative  yield  of  trichloropicolinic  acid, 
CjjHNCIa'COgH,  showing  that  three  of  the  six  atoms  of  chlorine  in  the 
original  compound  belong  to  the  side-chain.  This  trichloropicolinic 
acid,  when  distilled  with  glycerol,  breaks  down  giving  a  quantitative 
yield  of  a  trichloropyridine  (m.  p.  72 — 73°)  identical  with  the  compound 
erroneously  described  by  Keiser  {Amer.  Chem.  J.,  1886,  8,  310)  as  the 
hydrochloride  of  a  dichloropyridine  and  subsequently  proved  by  Sell 
and  Dootson  (Trans.,  1898,  73,  442)  to  be  a  trichloropyridine.  This 
substance  is  produced,  not  only  by  the  direct  chlorination  of  pyridine, 
but  also  by  the  action  of  phosphorus  pentachloride  on  that  substance 
(Sell  and  Dootson,  Trans.,  1898,  73,  437).  From  the  general  pro- 
perties and  particularly  the  highly  basic  character  of  this  trichloro- 
pyridine, it  was  suspected  that  the  chlorine  atoms  occupied  the  positions 
3,  4,  and  5,  and  the  experimental  verification  of  this  assumption  should 
be  possible  when  based  on  the  following  considerations. 

We  may  take  for  comparison  the  substance  3:4:  5-trichloro-2-amino- 
pyridine,  the  formula  of  which  may  be  thus  depicted  : 

CI 

ci/Nci 

N 

This  compound,  the  preparation  and  orientation  of  which  were  described 
by  Sell  and  Dootson  (Trans.,  1899,  75,  980  ;  1900,77,  771),  should  also 
be  obtainable  from  the  trichloropicolinic  acid  mentioned  above  by  con- 
verting it  into  its  amide,  and  the  latter  by  the  Hofmanu  reaction  into 
the  foregoing  3:4:  C-trichloro-2-aminopyridine.  The  reactions  were 
carried  out  and  resulted  in  a  substance  indistinguishable  from,  and 
therefore  identical  with,  the  compound  having  the  above  graphic 
formula.  It  may  therefore  bo  deiinitoly  concluded  that  in  the  com- 
pounds liere  described  the  chlorine  atoms  in  the  nucleus  occupy  the 
positions  3, 4,  and  5,  and  that  in  compound  T  the  hydrogen  of  the  methyl 
^roup  ib  entirely  replaced  by  chlorine  : 
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H\/CO,H 
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HV/H 
N 
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II. 

111. 
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Experimental. 

The  2-methyIpyridine  used  in  this  work  was  in  the  main  obtained 
from  Sc'huchardt,  and  was  subsequently  carefully  purified  by  means  of 
its  mercurichloride,  a  process  involving  much  time  and  labour.  The 
base  was  recoveroil  from  the  double  salt  (m.  p.  \6i^)  by  caustic  soda, 
and  fractionated  after  dryiug  ovor  caustic  potash.  Another  specimen 
uf  the  base  was  purchased  fi-om  Kahlbaum. 

The  hydrochloride  was  made  by  saturating  the  2-meihylpyridine 
with  hydrogen  chloride,  in  which  process  it  absorbs  nearly  double  the 
theoretical  amount  of  the  gas  ami  gives  an  oily  li4uid  with  no 
tendency  to  crystallise  at  the  ordinary  temperature  of  the  laboratory. 

After  preliminary  trials  of  small  quantities  of  the  hydrochloride 
under  various  conditions,  it  was  found  that  chlorine  had  no  action  at 
the  ordinary  temperature  either  in  the  dark  or  in  bright  sunshine,  or 
even  in  presence  of  such  chlorine  carriers  as  iodine  or  ferric  chloride. 
When,  however,  the  temperature  of  the  hydrochloride  was  mised  to 
100*^,  fumes  of  hydrogen  chloride  were  abundantly  formed,  and  the 
flask  containing  the  substance  rapidly  increa.sed  in  weight.  In  the 
early  stages  of  the  work,  several  portions  were  chlorinated  at  100",  but 
it  was  subsequently  found  tliat  at  105 — 110^  the  absorption  of  chlorine 
was  still  more  rapid,  and  the  later  experiments  were  carried  out  at  this 
temperature. 

As  the  chlorination  pixxeeded,  as  in  the  similar  work  with  pyridine 
hydrochloride,  a  heavy  layer  was  formed  in  the  liquid  which  increased 
in  quantity  until  tinally  the  upper  layer  disappeai'ed  and  no  increase 
in  weight  occurred.  Dui-ing  the  chlorination,  the  tube  conveying  the 
chlorine  was  kept  as  much  as  possible  in  the  upper  layer.  The  product 
was  cooled  by  ice  and  a  slow  current  of  air  aspirated  through  for 
several  hours  to  remove  free  chlorine,  during  which  operation  a  copious 
white,  crystalline  deposit  separated.  This  was  filtered  off,  and  after 
thorough  draining  from  the  liquid  pi*oduct  crystallised  from  alcohol. 
The  crystals  are  prismatic  in  form,  and  dissolve  in  alcohol  and  most 
organic  solvents  but  are  insoluble  in  water.  The  substance  melts  at 
102 — 103^  without  decomposition.  The  average  yield  of  the  re- 
crystallised  substance  was  over  52  per  cent,  of  the  2-methylpyridine 
taken. 
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0-2500  gave  0-2195  COg  and  0-0116  HgO.     0  =  23-94;  H  =  0-51. 
0-2195     „     0-630  AgCl.     Cl  =  71-0. 

CfiHNClfi  requires  0  =  24-00;  H  =  0-33;  01  =  71-0  per  cent. 

Conversion  of  Ilexachloropicoline  into  3:4;  5-Trichloropicolinic  Acid. 

After  preliminary  trials,  fifty  grams  of  the  preceding  compound  were 
dissolved  in  150  c.c.  of  80  per  cent,  sulphuric  acid  and  heated  at 
120 — 130°  in  a  reflux  apparatus  for  from  1^ — 2  hours,  the  heating 
being  discontinued  when  fumes  of  hydrogen  chloride  ceased.  If  the 
temperature  is  allowed  to  rise  much  higher  than  1 30°,  a  good  deal  of 
the  trichloropicolinic  acid  is  decomposed  into  trichloropyridine,  which 
remains  in  solution  in  sulphuric  acid.  When  the  temperature  of  the 
mixture  is  carefully  kept  within  the  above  limit,  a  nearly  theoretical 
yield  of  the  acid  is  obtained  by  pouring  the  mixture  into  water,  collect- 
ing the  px^ecipitated  acid,  and  recrystallising  from  boiling  water  or 
alcohol.  The  substance  separates  from  these  menstrua  in  small,  white, 
anhydrous,  short,  pointed  needles  or  in  filamentous  rosettes  of  needles, 
according  to  the  temperature  of  deposition;  it  melts  at  164 — 165° 
(uncorr.)  with  effervescence.  The  compound  dissolves  to  a  moderate 
extent  in  boiling,  and  very  sparingly  in  cold,  water  and  in  acetic  acid  ; 
it  is  fairly  soluble  in  boiling  alcohol  and  in  most  organic  solvents. 

0-2038  gave  0388  AgOl.     01  =  47-09. 

OjHNOlg-OGgH  requires  01  =  4702  per  cent. 

A  solution  of  the  acid  gives  the  following  reactions  : 

(1)  With  silver  nitrate,  a  white,  gelatinous  silver  salt  which  is 
sparingly  soluble  in  boiling  water,  from  which  it  separates  in 
filamentous  needles. 

(2)  When  a  soluble  copper  salt  is  added  to  a  hot  solution  of  the 
acid,  a  light  blue,  crystalline  (apparently  rhombohedral)  precipitate 
of  the  coi)per  salt  is  produced,  which  is  very  sparingly  soluble  in  either 
hot  or  cold  water. 

(3)  Ferrous  sulphate  produces  at  first  a  yellowish-brown  colour, 
but  after  a  short  time  the  solution  deposits  microscopic  rosettes  of  dark 
red  prisms. 

(4)  The  lead  and  mercuric  salts  separate  in  the  form  of  white 
rosettes  of  very  sparingly  soluble  noodles  or  prisms. 

ForvMtion  o/  3  : 4  :  ^-2'richloropyridine  from  3:4:  5-Trichloropicolinic 

Acid. 

A  sample  of  the  pure  acid  weighing  five  grams  was  mixed  with 
20  O.C.  of  glycerol,  and  the  mixture  rapidly  distilled  from  a  small 
retort  until  nothing  more  in  the  nature  of  un  oil  was  visible  in  the 
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flask  used  as  a  condenser.  The  oily  portion  of  the  distillate  solidified 
in  the  flask  to  a  crystalline  mass  which,  when  washed  and  dried, 
weighed  39  grams,  the  calculated  yield  being  4*02  grams.  The  sub- 
stance separates  from  solution  in  hot  alcohol  in  long,  colourless  needles 
melting  at  72 — 73°  (uncorr.).  The  melting  point  here  given  is  1^  higher 
than  that  recorded  by  Keiser  {Anur.  C/ieui.  J.,  1886,  8,  310)  and  by 
Sell  and  Dootson  (Trans.,  1898,  73,  438),  and  is  not  materially  affected 
when  the  compound  is  mixed  with  samples  from  different  sources. 

0-1 736  gave  0-41 1  AgCl.     CI  -  58-5. 

CjHNClj  requires  CI  *»  58*4  per  cent. 

The  compound  from  other  sources,  as  shown  {loc.  eit.),  gires  a 
platinum  salt  having  the  formula  (C^njClj,N)^,PtCl^,  containing  27*66 
per  cent,  of  platinum.  A  specimen  pi-epared  from  the  trichloropyridiue 
from  trichloropicolinic  acid  furnished  the  following  numbers  : 

01 635  gave  00445  Pt.     Pt  =  2721  per  cent. 

As  a  further  confirmation,  samples  of  the  double  salt  with  mer- 
curic chloride  from  the  different  sources  were  comjiared,  and  found  to 
be  practically  identical  in  melting  point  and  general  characters. 

Formation  of  Methyl  3:4:  i-Trichloropicolinate. 

Methyl  3:4: 5-trichloropicolinate  was  prepared  by  saturating  a 
mixture  of  the  acid  and  methyl  alcohol  with  hydi-ogea  chloride.  On 
leading  the  gas  into  the  cold  mixture,  the  acid  gradually  disiiolved,  and 
on  passing  in  a  further  quantity  of  this  reagent  a  crystalline  pre- 
cipitate of  the  ester  sepai*ated.  This  was  removed  by  filtration  and 
more  gas  passed  into  the  filtrate  until  complete  saturation  was  effected. 
After  standing  for  twelve  houi^s,  the  excess  of  hydrogen  chloride  was 
removed  by  a  current  of  dry  air,  and  the  excess  of  alcohol  by  dis- 
tillation in  a  partial  vacuum.  The  deposited  ester  was  recrystallised 
from  methyl  alcohol,  from  which  it  separates  in  colourless  plates, 
having  a  pearly  lustre  and  melting  at  84 — 85'^  (uncorr.).  The  ester  is 
freely  soluble  in  organic  solvents  and  moderately  so  in  boiling 
water,  from  which  it  sepai'ates  in  plates,  the  melting  point  being 
unaltered. 

Formation  Of  3  :  4  :  ^-TricJdoropicolinamide  from  Methyl  3:4:  5-7W- 

chloropicolinate. 

When  the  methyl  ester  was  dissolved  in  hot  methyl  alcohol  and  an 
excess  of  strong  aqueous  ammonia  added,  the  amide  i-apidly  separated 
as  a  crystalline  magma  of  fine  needles ;  this  substance,  when  collected 
and    recrystallised   from  spirit,  formed  long,  colourless,  flat  needles 
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melting  at  184 — 185°  (uncorr.) ;  it  is  freely  soluble  in  most  organic 
solvents,  and  moderately  so  in  boiling  water,  from  which  it  separates 
on  cooling  (184 — 185°  uncorr.). 

0-1860  gave  0-3529  AgCl.     CI  =  47-02. 
0-2445     „     0-4628      „         CI  =  46-86. 

CjjHNCla-CONHo  requires  CI  =  47-22  per  cent. 

Foi^mation  of  Z:  4  :  ^-Trichloro-2-aminopyridine  from  3:4:  5-TrichIorO' 

picolinamide. 

The  Hofmann  reaction  was  carried  out  on  4-5  grams  of  the  picolin- 
amide, using  the  theoretical  amounts  of  bromine  and  caustic  potash. 
The  only  deviation  from  the  usual  procedure  was  the  filtration  of  the 
crystalline  compound  from  the  cooled  alkaline  solution  and  its 
purification  by  distillation  in  a  current  of  steam,  to  avoid  the  risk  of 
any  possible  decomposition  by  distillation  from  the  strongly  alkaline 
liquid.  All  but  mere  traces  of  the  crystalline  product  came  over 
during  the  steam-distillation,  and  when  collected  and  recrystallised 
from  alcohol  formed  a  mass  of  fine  needles  melting  at  160 — 161*^ 
(uncorr.). 

02870  gave  35  c.c.  nitrogen  at  24°  and  767  mm.     ISr  =  1378. 
Trichloroaminopyridine,  C-HgNgClg,  requires  N  =  1417  per  cent. 
Trichloropicolinamide,  C^HNClgCONHo,  requires  N  =  12-41  per  cent. 

In  conclusion,  the  author  desires  gratefully  to  acknowledge  his 
indebtedness  to  the  Government  Grant  Committee  of  the  Royal 
Society  for  providing  the  greater  part  of  tlxe  funds  requisite  for  this 
research. 

Univeksity  Chemical  Laboratouy, 
Oamukidue. 


LXXXII. — Further'  Studies  on  Dihydroxymaleic  Acid. 

By  Henry  John  Horstman  Fenton,  M.A.,  F.R.S. 

The  mode  of  formation,  constitution,  pi-opertiea  and  relatioushipg 
of  dihydroxymaleic  acid  have  been  discussed  in  several  previous 
communications  to  the  Society  and  olsowhoro  ('J^rans.,  1894,  66,  899  ; 
1896,  67,  48  and  774  ;  1896,  69,  0  JO  ;  1897,  71,  375  ;  1898,  73,  71  ; 
1902,  81,  426 ;  Proc.,  1898,  14,  1 19  ;  Proo.  Cainb.  ritil.  .S'oc,  1901,  11, 
109  ;  1902,  11,  368,  6ic.),  and  iu  the  present  paper  aa  account  is  givea 
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of  some  of  the  principal  investigations  which  hare  since  been  carried 
out  in  connection  with  the  subject. 

This  acid  proves  to  be  of  importance  not  only  in  consequence  of  the 
scientific  interest  attaching  to  its  constitution  and  peculiar  mode  of 
formation,  but  also  because  it  serves  as  the  starting  point  for  the 
preparation,  by  direct  and  simple  transformations,  of  many  compounds 
which  can  otherwise  only  be  obtained  with  considerable  difficulty  or 
not  at  all. 

In  the  communications  alxjve  referred  to  it  was  shown  that  the  acid 
results  from  the  oxidation  of  tartaric  acid  in  presence  of  ferrous  iron  ;' 
it  is  thus  obtained  in  the  form  of  lusti-ous,  diamond-sliaped  plaiM 
which  have  the  formula  C^U^0^,2li^^.  It  is  a  diba*ic  acid,  as 
evidenced  by  the  composition  of  its  salts  and  esters ;  the  presence  also 
of  two  alcoholic  hydroxyl  groups  is  shown  by  the  action  of  acetic 
anhydride  and  of  acetyl  and  benzoyl  chlorides.  In  constitution  it 
must  therefore  be  represented  as  either  dihydroxymaleic  or  dihydroxy- 
fumaric  acid,  COoH'C(OH):C(OH)'CO.,H.  The  former  configuration  is 
to  be  px-eferred  in  consequence  of  the  readiness  with  which  anhydride 
formation  takes  place,  and  the  action  of  hydrobromic  acid  transforms 
it  into  an  isomeric  modification  which  has  probably  therefore  the 
fumaroid  form ;  it  cannot  be  said,  however,  that  these  respective  con- 
figurations are  finally  established  (compare  Proc.,  loe.  eit.). 

Fuming  hydriodic  acid  reduces  it  ultimately  to  succinic  acid, 
racemic  acid  having  been  isolated  as  an  intermediate  stage.  When 
oxidised  by  bromine  under  certain  conditions,  it  is  converted  almost 
quantitatively  to  dihydroxytartai'ic  acid  ;  this  action  was  shown  to  be 
reversible  and,  under  different  conditions,  bromine  is  liberated  when 
hydrogen  bromide  acts  on  dihydroxytartaric  acid  with  the  pro- 
duction of  the  lactonic  acid  of  dihydroxyfumaric  acid.  By  heating  an 
aqueous  solution  of  dihydroxytartaric  acid,  tartronic  acid  is  obtained  in 
a  pure  condition. 

Oxidation  by  means  of  ferric  salts  converts  dihydroxymaleic  acid 
into  the  semialdehyde  of  mesoxalic  acid,  and  it  was  pointed  out  that 
the  latter  product  also  results  when  tartaric  acid  is  oxidised  by  chlorine 
in  presence  of  iron. 

An  aqueous  solution  of  dihydroxymaleic  acid,  when  heated  to  about 
50 — 60^,  gives  off  carbon  dioxide  and  yields  glycollic  aldehyde  ;  by 
distillation  of  the  resulting  solution  under  reduced  pressure,  the  latter 
compound  is  obtained  in  a  crystalline  condition. 

The  methyl  and  ethyl  esters  are  crystalline  solids,  and  it  was  shown 
that  the  former  exists  in  two  modifications ;  later  investigation 
indicates  that  the  ethyl  ester  behaves  similarly,  but  the  two  forms 
have  not  yet  been  completely  examined. 

Notwithstanding   the   conclusive   evidence   above   referred    to    in 
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support  of  the  dihydroxy-formula  for  this  acid,  it  is  not  improbable,  as 
was  previously  suggested  (Trans.,  1896,  69,  547)^  that  the  compound 
may,  under  certain  conditions,  assume  the  tautomeric  keto-form, 

COaH- CO- CH(0H)'C02H, 
and  in  some  of  the  later   observations  it  will  be    noticed   that  the 
latter  constitution  suggests  the  more  rational  interpretation  of  the 
changes  involved. 

Condensation  toith  Ammonia.     Synthesis  of  Pyrazinedicarhoxylic  Acid. 

When  the  ammonium  or  the  sodium  salt  of  dihydroxymaleic  acid  is 
mixed  with  an  excess  of  strong  aqueous  ammonia  and  the  mixture  is 
allowed  to  stand  for  some  days  at  the  ordinary  temperature,  the  salt 
slowly  dissolves,  and  the  solution  acquires  a  bright  yellow  colour. 
This  change  is  greatly  accelerated  if  the  mixture  is  warmed  on  a 
water-bath  at  about  50 — 60°,  and  appears  under  these  conditions  to 
be  completed  in  about  half  an  hour.  After  removal  of  the  excess  of 
ammonia  by  evaporation  or  by  distillation  under  reduced  pressure, 
the  addition  of  an  acid  causes  the  evolution  of  much  carbon  dioxide 
together  with  the  separation  of  a  brown,  crystalline  precipitate  con- 
sisting of  small,  transparent  prisms.  These  are  very  sparingly  soluble 
in  boiling  water,  alcohol,  or  other  solvents,  but  dissolve  easily  in 
alkalis.  They  dissolve  also  in  concentrated  sulphuric  acid,  and  separ- 
ate out  on  dilution  with  water.  By  repeated  recrystallisation  from 
boiling  aqueous  alcohol  or  by  solution  in  dilute  alkalis  and  reprecipi- 
tation  with  acids,  the  crystals  become  practically  colourless.  The 
yield  of  this  product  is  not  large,  but  it  appears  to  be  increased  if  a 
current  of  air  is  drawn  through  the  mixture  during  the  preparation ; 
in  this  case  also  the  resulting  crystals  are  less  discoloured. 

The  aqueous  solution  of  this  substance  is  acid  towards  indicators 
and  effervesces  with  sodium  carbonate ;  with  ferrous  sulphate,  it 
develops  a  beautiful  violet  colour,  which  is  discharged  by  mineral 
acids  or  by  alkalis.  Ferric  salts,  on  the  other  hand,  produce  no 
colour.  Silver,  lead,  barium,  and  calcium  salts  give  white  precipi- 
tates from  which  the  acid  can  be  regenerated  in  the  usual  ways  ;  the 
calcium  salt  separates  from  hot  solutions  in  prisms.  The  solid  acid, 
when  hojvtod,  begins  to  decompose,  and  partly  vaporises  between  250*^ 
and  300'^  without  melting. 

Analysis  of  the  [)urifted  crystals  when  dried  in  a  vacuum  desiccator 
gave  the  following  results  : 

0'1529  gave  0  2307  CO,^  and  00372  IT.O.     C -42-75  ;  H=-270. 
0-2861     „     40-6  CO.  nitrogon  at  18'  and  748  mm.     N- 16*43. 
C'gHjNOji  requires  C-  42'86  ;  H-2-38  ;  N  -  1666  per  cent. 
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0'1291  of  the  air-dried  crystals,  wheu  kept  in  a  vacuum   desiccator 
until  the  weight  was  constant,  lost  H,0  =  0-0226  ;  HjO»  17-50. 
C3H2N02,Il20  requires  H,0=  17-64  per  cent. 

0-3322  of  the  vacuum-dried  crysUils,  when  dissolved  in  standard 
caustic  soda  and  titrated  with  standard  sulphuric  acid,  required  71  c.c. 
of  caustic  soda  solution  containing  22 -386  NaOlI  per  litre.  An  acid 
having  the  formula  (GjHjNOo)!*.  if  n-baaic,  would  require  7-06  c.c. 

From  the  above  results,  it  is  evident  that  the  composition  and 
properties  of  this  acid  correspond  in  every  resj^ect  with  those  of  the 
j)yrazine-2  '.  5  dicarboxylic  acid,  C^ir,N.,(C02H).„2H30,  which  was  first 
obtained  by  Stoehr  (Ber.,  1891,  34,  4105)  by  the  oxidation  of  dimethyl- 
pyrazine  with  potassium  permanganate. 

The  same  acid  was  prepared  by  Wolff  {Ber.,  1893,  28,  721)  in  the 
following  way.  ^-Hydroxy-(or  y3-bromo-)ljBVulic  acid  condenses 
with  ammonia  to  give  tetramethylpyrazine,  2C5HgO^  +  2NH,— 
C^N2(CH3)^-f2CO^-t-41i,0-f  Hj,  and  by  oxidation  of  the  latt«r  with 
potassium  permanganate  the  somewhat  unstable  tetracarboxylic  acid, 
C^N2(C02H)^,  is  obtained.  The  dipotassium  salt  of  this,  when  heated 
with  water  to  about  200^  yields  the  dicarboxylic  acid,  together  with 
pyrazine  and  other  products. 

The  identity  of  the  product  obtained  in  the  present  instance  with 
this  dicarboxylic  acid  is  further  confirmed  by  its  behaviour  when 
heated.  The  vacuum-dried  substance,  when  heated  in  a  small  dis- 
tilling flask  to  about  280 — 300°,  gave  a  white,  solid  sublimate,  together 
with  a  volatile  liquid  which  solidified  in  the  neck  of  the  flask  to  a 
crystalline  mass.  These  crystals  melted  at  55°,  had  the  characteristic 
heliotrope  odour  of  pyrazine,  and  their  aqueous  solution  gave,  with 
mercuric  chloride,  a  white  precipitate. 

In  the  condensation  of  hydroxyltevulic  acid  with  ammonia,  as  in  the 
formation  of  dimethylpyraziue  from  aminoacetone  by  heat  (Gabriel  and 
Pinkus,  Ber.,  1893,  26,  2205)  and  of  pyrazine  from  aminoacetaldehyde 
or  aminoacetal  (Wolff,  loc.  cit.,  1830),  it  will  be  observed  that  the 
changes  involved  imply  the  loss  of  two  atoms  of  hydrogen ;  for  this 
reiison,  the  addition  of  oxidising  agents,  such  as  mercuric  chloride, 
improves  the  yield.  In  the  present  case,  the  condensation  is  of  the 
same  type,  2C^Hpg-t.2NH3  =  C^H.,N2(C02H)2-»-4K,0-f-2C02  +  H., 
but  it  has  not  so  far  been  found  advantageous  to  employ  oxidising 
agents  other  than  air,  since  the  addition  of  metallic  salts,  such  as  mer- 
curic chloride,  leads  to  undesirable  complications. 

With  regard  to  the  mechanism  of  the  change,  there  are,  of  course, 
several  possible  explanations.     If  carbon  dioxide  is  eliminated  in  the 
fii'st  stage,  the  initial  protluct  may  be  tartronic  semialdehyde, 
CH0-CH(0H)-C02H, 
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hydroxypyruvic  acid,  CH2(OH)*CO*C02H,  or  dihydroxyacrylic  acid, 
CH(0H)IC(0H)'C02H;  condensation  of  any  of  these  acids  with 
ammonia  would  evidently  take  place  in  a  manner  similar  to  that  in 
which  Wolff  (loc.  cit.)  represents  the  formation  of  pyrazine  from 
aminoacetaldehyde.  From  tartronic  semialdehyde,  for  example,  the 
changes  might  be  as  follows 

NH.  NH 

C02H-CH         CHO  COgH-CH  HC^'OH 

CHO  HC-C02H  ~^      OH'CH  Hc-CO^H     "^ 

/  \/         ■ 

NH,  NH 


N 


COoH-C 


II 


HC 


CH 

II 


C-CO.H  ^  """? 


+  2H,0  +  H, 


N 

On  the  other  hand,  the  initial  product  may  be  a  tetracarboxylic  acid 

which,  by  oxidation  and  loss  of  carbon  dioxide,  gives  the  dicarboxylic 

acid  in  question : 

NH 

/\ 
C02H-C-0H  OH-C-CO^H  CO2H.C      C.CO2H 

COsH-C-OH"^  3'^OH-C-COoH"^    COoH-C      C-COaH 

NH 

A  change  of  an  entirely  different  character  takes  place  when  the 
ethyl  or  methyl  ester  of  dihydroxymaleic  acid  is  treated  with  aqueous 
ammonia. 

In  this  case  the  liquid  assumes  a  deep  orange-red  colour,  and  a  white 
precipitate  separates  which  proves  to  be  oxamide.  The  solution  con- 
tains ammonium  oxamate  together  with  another  substance  which  has 
not  yet  been  obtained  sufficiently  pure  for  analysis.  It  is  evident, 
therefore,  that  disruption  occurs,  under  these  conditions,  at  the  double 
linkage. 

Action  of  llydrazinea. 

It  was  previously  shown  (Trans.,  1896,  69,  548)  that  dihydroxy- 
maleic acid  reacts  with  phenylhydrazine  only  to  produce  a  salt, 
C\H^Og,2N2ng*CgH5,  a  brilliant  silver-white,  crystalline  substance 
which,  when  heated  for  some  time  with  phenylhydrazine  acetate 
solution,  becomes  orange-yellow,  loses  carbon  dioxide,  and  is  converted 
into  Nastvogol's  osazone  of  glyoxalcarboxylic  acid  : 
CIi:N,nPh-C:N  JIPh'COj^H ; 
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this  crystallises  in  needles  or  prisms  which  melt  at  222 — 224" 
(compare  Trans.,  1901,  79,  100,  and  1902,  81,  430). 

When  the  salt  is  boiled  with  water  alone,  it  behavM  similarly,  bat  in 
this  case  the  osazone  remains  principally  dissolved  as  a  colloidal  solu- 
tion, from  which  it  immediately  separates  on  the  addition  of  a  drop  of 
acetic  acid.* 

Other  hydrazines  are  now  found  to  behave  with  dihydroxymaleic 
acid  in  a  similar  way  ;  hydrazine  hydrate,  for  example,  givM  a  white 
precipitate  consisting  of  long  needles  or  prisms,  which  has  the  compo- 
sition C^H^0^,2NjH^.  Analysis  gave  N-26'55  per  cent.,  theory 
requiring  26  41  per  ceiit. 

Phenyll^nzylhydrazine  likewise  gives  a  white,  flocculent  precipitate 
which,  when  washed  with  alcohol  and  dried  in  a  vacuum  desiccator, 
melts  at  128 — 130^,  and  gives,  on  analysis,  N— 10*57  per  cent., 
C^H40^-2NjH.^BzPh  requiring  1029  per  cent.  When  this  salt  is  heated 
with  water  to  boiling  for  about  an  hour,  it  becomes  converted  into  a 
gummy  mass,  which,  when  treated  with  hot  alcohol,  only  partially  dis- 
solves. The  residue,  after  treatment  with  alcohol,  was  recrystalliaed 
first  from  hot  benzene  and  then  from  a  mixture  of  toluene  and  absolute 
alcohol ;  in  this  way,  it  was  obtained  in  the  form  of  nearly  colour- 
less prisms  which  are  aggregated  together,  and  which,  when  exposed  to 
the  air,  gradually  turn  pink  at  the  edges.  These  crystals,  after  drying 
at  100*",  melteil  at  197^. 

01590  gave  04680  CO,  and  00905  HjO.     C  =  8027  ;  H  =  6-32. 
01445     „     17-27  CO.  nitrogen  at  19-5°  and  731  mm.     N  =  13-46. 
CjgH^aN^  requii-es  C  =  8038  ;  H  =  622  ;  N  -  1339  per  cent. 

This   product   is   therefore    evidently    the  phenylbenzylosazone  of 

,  ^  CH:N,BzPh      ,  .  ,  ^         ,     .     3  ,     T,   *      ,  ^,.      ,     * 

glyoxal,t  Ary.^j',^  ^,  >  which  was  first  obtained  by  Run  and  Ollendorff 

from  the  products  resulting  when  galactonic  and  lactobionic  acids  are 
oxidised  in  presence  of  iron ;  it  was  also  obtained  by  the  same  authors 
directly  from  glyoxal  {Ber.,  1900,  23,  1806). 

When  glycollic  aldehyde  is  heated  for  some  time  on  a  water-lxith 
with  an  alcoholic  solution  of  phenylbenzylhydrazine,  a  product  is 
obtained  which  is  in  all  respects  the  same  as  the  osazone  here  described. 
It  is  evident  that  in  this  case  the  CH^'OH  group  becomes  oxidised,  that 
is  to  say,  that  an  osazone  is  formed  from  a  sugar  of  the  aldose  type 

*  When  the  phenylhydrazine  salt  is  heated  with  dry  pyridine  the  product  consists 
principally  of  the  pheuylosazoue  of  glyoxal. 

t  Strictly  speaking,  this  is  of  course  a  dihydrazone  of  glyoxal  or  an  osazone  of 
glycollic  aldehyde,  but  the  above  name  is  employed  in  accordance  with  common 
usage. 

VOL.   LXXXVIl.  3   1 
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by  the  action  of  a  secondary  aromatic  hydrazine  (compare  Ofuer,  Ber., 
1904,  37,  3362). 

It  was  previously  stated  that  methyl  and  ethyl  dihydroxymaleates 
give  no  reaction  with  phenylhydrazine ;  this  is  true  as  regards  the 
initial  result,  but  it  is  now  found  that  on  prolonged  heating  a  change 
does  slowly  take  place.  When,  for  example,  the  ethyl  ester  is  heated 
on  a  water-bath  with  phenylhydrazine  acetate  in  either  alcoholic  or 
acetic  acid  solution  for  about  an  hour  and  is  then  allowed  to  stand  for 
some  time,  an  orange-coloured  precipitate  slowly  separates.  This,  after 
being  washed  with  cold  alcohol  and  recrystallised  from  hot  alcohol  or 
glacial  acetic  acid,  is  obtained  in  the  form  of  brilliant  orange  coloured 
prisms  which  melt  sharply  at  154°.  On  analysis,  these  gave  C  =  6357, 
H  =  4-79  per  cent.,  the  formula  CiyH^gOgN^  requiring  C  =  64"28, 
H  =  4'76.  The  properties  of  this  compound  correspond  in  every  way 
with  those  of  the  product  which  Wislicenus  and  Scheldt  (-fie?*.,  1891, 
24,  4210)  obtained  by  the  action  of  phenylhydrazine  on  the  ethyl  ester 
of  ethoxyoxaloacetic  acid,  and  which  they  designate  as  the  ethyl  ester 
of  phenylhydrazoneketophenylpyrazolonecarboxylic  acid, 

NPh<^=9-^^^'^^  . 
^CO-ClNaHPh 

The  same  compound  was  obtained  by  Anschiitz  and  Parlato  by  the 
action  of  phenylhydrazine  on  the  ethyl  ester  of  dioxosuccinic  acid 
{Ber.,  1892,  25,  1979),  and  it  results  also  from  either  of  the  three 
isomeric  osazones  of  ethyl  dioxosuccinate  when  they  are  heated  with 
glacial  acetic  acid  (Anschiitz  and  Pauly,  Ber.,  1895,  28,  66). 

When  ethyl  dihydroxymaleate  is  heated  with  an  excess  of  phenyl- 
hydrazine  in  alcoholic  solution,  there  is  also  formed  after  a  time  a  bright 
Rcarlet  substance,  which  is  nearly  insoluble  in  boiling  alcohol  nnd 
which  melts  at  256 — 259°.  This  is  evidently  the  compound  tir.'^t 
noticed  by  Peny,  which  arises  from  the  action  of  phenylhydrazine  on 
either  the  ethyl  or  propyl  estei's  of  dioxosuccinic  acid  {loc.  oil,,  67). 

It  appears  tlierefore  that  the  final  jirod nets  obtained  by  the  continued 
action  of  phenylhydrazine  on  the  esters  of  dihydroxymaleic  acid  are 
the  same  as  those  which  result  from  dioxosuccinic  esters, 

COjR-OO'CO-COall, 
that  is,  the  CHters  obtained  from  dihydroxy tartaric  acid. 

The  alK)vc  results  arc  most  easily  interpreted  if  it  is  supposed  that 
dihydroxymaleic  acid  aosumes  the  tautomeric  form 

COj,H-CO-0H(OH)-CO2H, 
and  that  the  ClIOII  group  is  oxidised  by  phenylhydrazine  in  the  usual 
way. 
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Prejxiratioti  of  the  Acid  (compare  Trans.,   1894,  65,  901). 

A  cold,  nearly  saturated  solution  of  tartaric  acid,  containing  a  small 
proportion  of  iron  in  the  feri'ous  condition,  is  surrounded  by  a  freezing 
mixture,  and  a  previously  cooled  solution  of  hydrogen  f>eroxide  (20 
volume  or  stronger)  is  very  slowly  added,  in  small  portions  at  a  time, 
with  constant  stirring,  until  the  mixture  aiisumes  a  nearly  permanent 
black  tint. 

No  separation  of  the  acid  occurs  from  this  mixture  even  on  long 
standing,  unless  a  dehydrating  agent  is  added.  Nordhausen  sulphuric 
acid  was  found  to  be  the  most  suiUible  agent  for  this  purpose  ;  it  has, 
of  course,  to  be  introduced  with  the  greatest  care  in  order  to  prevent 
rise  of  temperature,  and  is  best  dropped  from  a  long  funnel  below  the 
surface  of  the  liciuid.  After  persistent  stirring,  the  crystals  of 
dihydroxymaleic  acid  begin  to  se}>arate  in  a  few  minutes  and  continue 
to  deposit  for  several  days  when  the  mixture  is  kept  at  about  O'^. 

The  yield  of  the  product  is  always  small  as  compared  with  the 
amount  of  tartaric  acid  employed  :  this  is  jiartly  due  to  the  unstable 
nature  of  the  acid  and  to  the  fact  that  a  considerable  portion  remains 
in  solution  after  crystallisation  ceases  ;  but  the  principal  cause  is  to  be 
found  in  the  circumstance  that  the  product  itself  is  very  readily 
oxidised  by  hydrogen  peroxide  in  presence  of  iron  (compare 
Fenton  and  Ryft'el,  Trans.,  1902,  81,  434),  and  the  oxidising  agent 
only  pi"eferentially  attacks  the  tartaric  acid  when  the  latter  is  in  large 
excess.  For  this  reason,  it  is  never  advantageous  to  employ  more  than 
about  one-tenth  of  the  calculated  quantity  of  hydrogen  peroxide. 

Many  experiments  have  been  undertaken  with  the  object  of  improv- 
ing the  yield,  but  so  far  only  with  partial  success.  The  substitution  of 
orthophosphoric  acid  (sp.  gr.  1'7)  for  Xordhausen  sulphuric  acid  as  a 
dehydrating  agent  is  found  to  be  an  advantage  in  many  respects  ;  the 
yield  certainly  appeai-s  to  be  better  and  the  reagent  may  be  added  with 
greater  boldness  and  with  less  danger  of  a  rise  in  temperature,  but  it 
is  important  to  make  sure  of  the  absence  of  impurities,  such  as  sodium 
or  calcium  salts,  which  would  contaminate  the  product. 

"When  anhydrous  sodium  sulphate  is  used  in  pUce  of  the  above- 
named  dehydrating  agents,  the  product  which  separates  proves  to 
be  the  acid  sodium  salt ;  the  yield  of  this  is  very  much  greater,  in 
proportion  to  theory,  than  that  of  the  free  acid  when  acid  dehydrators 
are  used,  and  for  certain  purposes  the  manufacture  of  this  salt  is 
therefore  to  be  preferred. 
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Acid  Sodium  Salt. 

If  to  the  mixture  obtained  by  oxidation  of  tartaric  acid  in  the 
manner  above  described  a  strong  solution  of  a  sodium  salt  is  added, 
a  bulky,  crystalline  precipitate  soon  separates,  which  consists  of 
long,  lustrous  needles  or  prisms ;  addition  of  the  sodium  salt  in 
the  solid  state  gives  a  similar  result.  This  product  is  less  soluble 
than  sodium  hydrogen  tartrate,  and  it  is  advisable,  if  the  solid  salt 
is  used,  so  to  adjust  the  final  concentration  of  the  mixture  (by 
previous  trial  with  a  small  portion  of  the  original  solution)  that  no 
separation  of  the  acid  tartrate  is  likely  to  occur. 

This  product,  dried  in  the  air,  was  analysed  with  the  following 
results : 

I.  0-5086  gave  0-1736  NagSO^.     Na=  11-05. 

II.  0-3107     „     01072  NaaSO^.     Na  =  ll-19. 

NaHC4H20g,2H20  requires  Na  =  11-16  per  cent. 

The  aqueous  solution  of  this  salt^  has  a  strongly  acid  reaction,  and 
when  titrated  with  caustic  soda,  using  phenolphthalein  as  indicator, 
the  following  numbers  were  obtained  : 

III.  1-0953  grams  required  87  c.c.  soda  solution,  containing  1413 
grams  Na  per  litre,  theory  requiring  8-6  c.c. 

This  salt  is  more  stable  than  the  free  acid  and  may  be  recrystallised 
from  hot  water  with  but  little  loss ;  when,  however,  the  aqueous 
solution  is  heated  for  some  time,  or  when  it  is  boiled,  carbon  dioxide  is 
evolved  and  a  white  precipitate  separates ;  the  solution  remaining 
gives  the  reactions  of  glycollic  aldehyde,  and  the  white  precipitate 
proves  to  be  the  normal  salt  of  dihydroxymaleic  acid.  0-1855  gave 
0-1344  NttaSO,.  Na  =  23-47.  Na^C^HjOa  requiring  Na  =  23-95  per 
cent. 

It  is  evident,  therefore,  that  the  acid  salt  breaks  up  into  normal  salt 
and  free  acid,  the  latter  then  yielding  glycollic  aldehyde  and  carbon 
dioxide. 

When  this  acid  salt  is  covered  with  acetic  acid  and  treated  witli 
bromine  in  slight  oxco.s8,  it  is,  like  the  free  acid,  oxidised  to  the  state 
of  dihydroxy tartrate,  the  change  being  approximately  quantitative  : — 

2-'J  grams  of  acid  sodium  dihydroxymaleate,  when  oxidised  by 
bromine  and  the  product  neutralised  with  sodium  carbonate,  gave 
37  grams  of  sodiiim  dihydroxytartrato  (air-dried),  the  theoretical 
amount  being  3 -81. 
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Oxidation  with  Mercuric  Oxide.     Preparation  of  Mtioxaiie  Acid. 

When  dibydroxymaleic  acid  is  shaken  with  cold  water  and  the 
calculated  quantity  of  freshly  precipitated  mercuric  oxide,  it  is  gradu- 
ally oxidised  to  dihydroxytartaric  acid  with  separation  of  metallic 
mercury.  Further,  when  an  ax^ueous  solution  of  dihydroxytartaric  acid 
is  heated  at  about  50 — 60°  with  mercuric  oxide  in  calculated  quantity, 
carbon  dioxide  is  evolved  and  the  solution  contains  mesoxalic  acid. 
The  solution  so  obtained  is  free  from  mercury,  but  is  liable  to  contain 
some  oxalic  acid,  especially  if  the  temperature  is  not  carefully 
regulated.  The  operation  may,  of  course,  be  performed  in  a  single 
stage  from  dibydroxymaleic  acid,  using  two  molecules  of  mercuric 
oxide  for  one  molecule  of  the  acid. 

For  the  purpose  of  obtaining  pure  mesoxalic  acid,  howerer,  it  is 
found  preferable  to  start  with  dihydroxytartaric  acid,  prepared  in  the 
manner  previously  described  (Tmns.,  1898,  73,  72),  and  to  employ  an 
excess  of  mercuric  oxide. 

In  this  case,  mesoxalic  acid  is  converted  into  a  sparingly  soluble 
mercury  salt,  and  by  decomposing  this  with  hydrogen  sulphide, 
avoiding  excess,  the  acid  is  obtained  free  from  oxalic  acid.  On 
evaporation  of  the  resulting  solution  in  a  vacuum  desiccator  over 
sulphuric  acid,  deliquescent  crystals  of  mesoxalic  acid  remain,  which 
are  practically  pure  without  recrystallisation,  the  product  melting  at 
about  110—115°. 

On  addition  of  phenylhydrazine  hydrochloride  or  acetate  to 
the  aqueous  solution,  the  pale  yellow  needles  of  mesoxalic  acid 
phenylhydrazone  begin,  after  a  few  minutes,  to  separate  in  the  cold. 
These,  after  being  well  washed  and  dried  in  a  vacuum  desiccator, 
melted  at  170— 171"  (compare  Trans.,  1902,  81,  433). 

01498  gave  175  c.c.  nitrogen  at  18°  and  759  mm.     N=  13-73. 
C^HgO^Nj  requires  N  "=  13-46  per  cent. 

It  would  appear  that  this  reaction  affords  one  of  the  most  simple 
methods  for  the  preparation  of  mesoxalic  acid,  and  the  yield  is  good  ; 
from  one  gram  of  dihydroxytartaric  acid,  11  grams  of  mesoxalic  acid 
hydrazone  were  obtained,  the  theoretical  yield  being  about  1*2  gi-ams. 

Formation  of  Mesoxalic  Semialdehi/de, 

It  was  shown  in  a  former  communication  (Fenton  and  Ryffel,  Trans., 
1902,  81,  434)  that  when  dibydroxymaleic  acid  reacts  with  ferric  salts 
in  aqueous  solution  at  about  40°,  carbon  dioxide  is  liberated,  and 
the  resulting  solution  contains  the  semialdehyde  of  mesoxalic  acid, 
CHO'CO'CO^H.     This  product  was  identified   by  (a)  the  immediate 
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formation  of  Nastvogel's  osazone  when  the  solution  is  mixed  with 
phenylhydx'azine  acetate,  (b)  the  oxidation  to  mesoxalic  acid  by  means 
of  alkaline  cupric  hydroxide,  and  (c)  the  production  of  Soderbaum'a 
dioximinopropionic  acid  by  the  action  of  hydroxylamine. 

An  objection  to  this  mode  of  preparation  of  the  semialdehyde  is 
the  difficulty  of  removing  the  large  amount  of  ferrous  salt  which  is 
produced  in  the  reaction.  Later  investigation  has  shown  that  mercuric 
chloride  may  advantageously  be  employed  as  oxidising  agent  and  that 
the  mercury  is,  in  this  case,  entirely  separated  as  calomel,  according  to 
the  relation 

C^H.O,  +  2HgCl2  =  C3H2O4  +  2HgCl  +  2HC1  +  COg. 

The  mercuric  chloride  is  dissolved  in  hot  water  and  the  solution 
kept  at  about  60 — -70° ;  the  calculated  quantity  of  crystallised  dihy- 
droxymaleic  acid  is  added  in  small  portions  at  a  time,  and  the  mixture 
is  then  allowed  to  stand  for  an  hour  or  two.  The  resulting  solution, 
if  the  proportions  have  been  accurately  adjusted,  is  now  practically 
free  from  mercury,  any  traces  which  may  remain  being  removed  by 
cautious  addition  of  hydrogen  sulphide.  The  solution  gives  all  the 
reactions  of  mesoxalic  semialdehyde,  and  it  may  be  obtained  free  from 
the  admixed  hydrochloric  acid  by  careful  addition  of  the  calculated 
quantity  of  silver  carbonate ;  the  product,  however,  appeal's  to  be 
much  more  stable  in  presence  of  free  hydrochloric  acid,  and  in  this 
condition  it  may  be  preserved  for  some  time  with  but  little  change.  It 
may  be  evaporated  to  the  consistence  of  a  syrup  in  a  vacuum  desiccator, 
over  solid  caustic  potash  and  sulphuric  acid,  and  even  rapid  evaporation 
on  a  water-l)ath  does  not  altogether  destroy  it ;  but  when  the  solution 
is  boiled  for  some  time  or  is  repeatedly  evaporated  it  loses  carbon 
dioxide  yielding  glyoxal.  These  changes  can  be  easily  followed  by 
exrtuiination  of  the  osazones  resulting  from  the  addition  of  phenyl - 
hydrazine. 

Mesoxalic  semialdehyde  is  not  destroyed  by  neutralisation  with 
sodium  carbonate  in  the  cold  ;  boiling  with  sodium  carbonate,  however, 
changes  it  to  tartronic  acid  (see  below). 

Since  the  aldehydt*  hydrate  of  mesoxalic  semialdehyde, 
CH(OH)./CO-COoH, 
might  be  tautomeric  with  the  missing  trihydroxyacrylic  acid, 

c(ou).;c(oii)-co^ir, 

it  appeared  to  be  possible  that  the  substance  should,  under  certain 
conditions,  condense  with  urea  to  give  uric  acid,  and  several  expori- 
laents  are  being  made  in  this  direction.  Wiien  thu  a(]uoous  solution 
of  the  semialdehyde  is  mixed  witli  urea  and  allowed  to  stand  for 
several  hours,  a  crystulliuo  substance  slowly  separates  ;  the  change  is 
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accelerated  when  hydrochloric  acid  is  present,  and  it  takes  place  in  a 
few  minutes  if  the  mixture  is  heated  on  a  water-bath. 

This  crystalline  product  is  very  sparingly  soluble  in  boiling  water, 
but  dissolves  easily  in  alkalis  ;  it  dissolves  also  in  cold  concentrated 
mineral  acids,  and  separates  again  in  the  crystalline  form  when  the 
solutions  ai  e  diluted  with  water.  The  crystals  consist  either  of  needles, 
prisms,  or  octahedra  according  to  the  conditions  under  which  they  are 
separated ;  they  are  at  first  somewhat  discoloured,  but  by  repeated 
rocrystallisation  become  quite  colourless. 

When  heated,  the  substance  decomposes  without  melting,  giving  off 
hydrogen  cyanide,  ammonia,  and  a  white  sublimate.  So  far  many  of 
the  properties  resemble  uric  acid,  but  when  evapoi-ated  with  nitric 
acid  the  white  or  yellow  residue  obtained  gives  only  a  brownish-orange 
colour  on  addition  of  ammonia.  If  strong  nitric  acid  is  used  in  this 
experiment  and  the  residue,  after  evaporation,  is  treated  with  caustic 
potash  or  soda,  a  faint  bluLsh-violet  colour  is  produced,  and  this,  on  the 
addition  of  a  drop  of  sodium  hypochlorite,  changes  to  an  intense  purple 
coloration. 

Analysis  of  the  crystals,  dried  at  100^,  furnished  the  following 
results  : 

01 133  gave  01 378  CO,  and  00435  H,0.     C  =  3317  ;  H  =  4-26. 
00859     „     28-9  c.c.  nitrogen  at  19°  and  755  mm.     N  =  39-19. 
(CgHgON.^)  requires  C  =  33-80  ;  H  =  4-22  ;  N- 39-43  per  cent. 

From  the  above  results  it  is  evident  that  the  product  is  glycoluril, 

H 

^^<NH.6.NH>^^' 
H 

or  "  acetylene  urea,"  which  was  first  obtained  by  Reineck  {Annalen, 
1864,  131,  119)  by  the  reduction  of  allantoin  with  sodium  amalgam; 
Schiff  obtained  the  same  substance  later  {Aniialen,  1877,  180,  157) 
by  the  condensation  of  urea  with  glyoxal,  and  the  products  derived 
from  these  two  sources  were  at  first  thought  to  be  different.  Widmann, 
however  {Ber.,  1886,  19,  2477),  carefully  compared  the  properties  of 
the  products  and  showed  that  they  were  identical. 

The  properties  of  glycolui'il,  as  described  by  these  authors,  coincide 
entirely  with  those  of  the  substance  at  present  under  consideration, 
but  the  remarkable  colour  reaction  given  by  alkaline  hypochlorites 
in  the  manner  above-mentioned  appears  to  have  been  entirely  over- 
looked. 

The  formation  of  glycoluril  in  the  present  case  may,  of  course,  arise 
from  the  action  of  urea  on  glyoxal,  supposing  that  the  latter  is  first 
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formed  by  decomposition  of  the  mesoxalic  semialdehyde.  But 
since  the  product  is  obtained  in  considerable  yield  under  conditions 
in  which  mesoxalic  semialdehyde  is  stable,  it  appears  more  probable 
that  the  initial  pi'oduct  is  glycolurilcarboxylic  acid,  C^HjN^Og'COjH 
(isomeric  with  pseudo-uric  acid),  which  then  loses  carbon  dioxide  to 
give  glycoluril. 

By  modification  of  the  conditions,  it  is  yet  hoped  that  it  may  be 
possible  to  isolate  this  glycolurilcarboxylic  acid,  or  perhaps,  by  isomeric 
change,  to  obtain  pseudo-uric  or  uric  acids.  If  the  cai'bamide  salt  of 
dihydroxymaieic  acid  is  oxidised  with  mercuric  chloride  under  similar 
conditions  to  those  above-mentioned,  the  product  is  a  dark  brown,  very 
sparingly  soluble  substance,  which  differs  from  glycoluril  in  that  it 
dissolves  in  strong  nitric  acid  to  an  intense  crimson-red  solution.  This 
product  has  yet  to  be  identified. 

Relation  of  Mesoxalic  Semialdehyde  to  Tartronic  Acid. — It  was 
pointed  out  above  that  a  solution  of  mesoxalic  semialdehyde  is  fairly 
stable  in  acid  solution,  and  that  when  decomposition  does  take  place, 
by  continued  heating  or  evaporation,  the  products  are,  mainly  at  any 
rate,  glyoxal  and  carbon  dioxide.  In  presence  of  alkalis,  however, 
the  semialdehyde  is  quickly  changed  on  heating,  the  product  in  this 
case  being  tartronic  acid. 

This  change  was  illustrated  in  the  following  manner.  A  solution 
of  the  semialdehyde  was  divided  into  two  parts,  and  one  part  was 
made  alkaline  with  sodium  carbonate  in  the  cold,  acidified  with  acetic 
acid,  and  precipitated  with  lead  acetate.  The  resulting  white  pre- 
cipitate was  then  well  washed,  suspended  in  water,  and  decomposed 
with  hydrogen  sulphide,  avoiding  excess ;  on  adding  phenylhydrazine 
acetate  to  tlie  solution  so  obtained,  the  bright  orange  precipitate  of 
Nastvogel's  osazone  was  obtained,  the  semialdehyde  having  undergone 
little  if  any  change.  The  other  part  of  the  original  solution  was 
treated  exactly  in  the  same  manner,  except  that  after  addition  of 
sodium  carbonate  the  alkaline  solution  was  heated  on  a  water-bath  at 
90 — 100°  for  about  15  minutes.  In  this  case,  the  solution,  after 
acidification  with  acetic  acid,  no  longer  reacted  with  i)henylhydrazine 
acetate,  and  the  acid  solution  resulting  after  decomposition  of  tliolead 
salt  with  hydrogen  sulphide,  when  evaporated  to  small  bulk  and  allowed 
to  stand,  set  to  a  mass  of  transparentcrystals.  Those  were  recognised 
by  all  their  properties  to  bo  tartronic  acid.  After  drying  at  100°,  they 
molted  at  158 — 159°  (comparo  Trans.,  1898,  73,  74),  and  without 
rccrystallisation  furnished  tlio  following  result  on  analysis  : 

0'199B  gave  02142  COj  and  00599  IljO.     0  =  29-28;  H  =  3-33. 
CjH^Og  requires  0  =  3000  ;   H  =  333  per  cent. 

The  yield  of  tartrQPic  aci(|,  calculated  from  the  weight  of  dihydroxy- 
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maleic  acid  originally  taken,  amounted  to  about  60  per  cent,  of  that 
required  by  theory  ;  bearing  in  mind,  however,  the  unavoidable  loss 
involved  in  the  several  operations,  there  is  little  doubt  that  the  actual 
yield  is  much  greater  than  this.  This  change,  like  that  of  glyoxal  to 
glycoUic  acid,  is  an  illustration  of  the  great  readiness  with  which 
the    group    -CO'CHO   is    tranf>formed,   in   presence    of    alkalis,    to 

-cn(on)-co2H:. 

The  facts  here  recorded  have  an  interesting  bearing  on  the  mode 
of  decomposition  of  dihydroxytartaric  acid  when  its  aqueous  solution 
is  heated  {loc.  cit.,  p.  73).  The  products  are  in  this  case  only  tartronic 
acid  and  carbon  dioxide.  Addition  of  hydrochloric  acid  appears  only 
to  have  the  effect  of  making  the  dihydroxytartaric  acid  more  stable ; 
such  a  mixture  may  be  evaporated  on  a  water-bath  almost  to  dryness 
without  complete  destruction  of  the  dihydroxy-acid,  but  the  decom- 
position products  are  hei'e  again  only  tnti.mic  Hfi.l  ind  carbon 
dioxide. 

No  mesoxalic  semialdehyde  or  glyoxal  ha.s  been  detected  at  any 
stage  of  this  decomposition,  and  this  fact  would  appear  to  exclude  the 
very  plausible  hypothesis  that  mesoxalic  semialdehyde  is  the  initial 
product,  for  under  exactly  similar  conditions  mesoxalic  semialdehyde 
would  either  remain  undeeomposed  or  would  yield  glyoxal.  It  is  evident, 
therefore,  that  the  generally  accepted  formula  for  dihydroxytartaric 
acid  does  not  convey  a  clear  indication  of  this  decomposition. 

With  the  salts  of  dihydroxytartaric  acid,  however,  the  case  is 
different,  since,  in  reference  to  the  experiments  here  mentioned,  the 
fox'mation  of  a  tartronate  would,  according  to  the  above  hypothesis, 
be  expected,  the  mesoxalic  semialdehyde  first  formed  being  changed  to 
tartronic  acid  in  presence  of  the  resulting  alkali. 

Formation  oj  GlycoUic  Aldehyds. 

Dihydroxymaleic  acid,  when  heated  with  water  to  about  50 — 60°, 
rapidly  loses  carbon  dioxide  and  is  converted  nearly  quantitatively 
to  glycollic  aldehyde  (Trans.,  1895,  67,774).  The  dry  acid  undergoes 
no  change  when  heated  to  this  temperature — or  even  at  90 — 100° — 
nor  does  it  decompose  when  heated  under  boiling  benzene  or  chloro- 
form. The  addition  of  a  few  drops  of  water,  however,  to  the  hot 
mixture  causes  an  immediate  evolution  of  carbon  dioxide.  The  hypo- 
thesis previously  suggested  to  account  for  these  facts  (loc.  cit.,  777)  was 
that  combination  with  water  first  takes  place  to  produce  trihydroxy- 
succinic  acid,  and  that  this  then  loses  two  molecules  of  carbon  dioxide, 
giving  glycollic  aldehyde  hydrate. 

It  had  recently  been  observed,  however,  that  the  perfectly  dry  acid, 
C^H^Og,  decomposes  completely  and  smoothly  when  hei^t^  with  dry 
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pyridine  to  50 — 60°.  After  distilling  off  the  pyridine  under  reduced 
pressure,  crystals  of  glycollic  aldehyde  appear  in  the  neck  of  the  flask 
and  may  be  purified  from  any  adhering  pyridine  by  washing  with  ether. 

This  fact  therefore  appears  to  show  that  the  decomposition  is  rather 
to  be  ascribed  to  the  instability  of  the  negative  ion,  Co(OH)2(C02)2j  and 
is  therefore  conditioned  by  the  ionising  capacity  of  the  solvent  employed. 

When  alcohol  is  used  as  solvent,  decomposition  takes  place  only  very 
slowly  on  long  boiling.  The  product  in  this  case  is  different  from 
glycollic  aldehyde,  and  its  nature  has  yet  to  be  determined. 

Attempts  are  being  made  so  to  arrange  the  conditions  under  which 
decomposition  is  effected  that  only  one  molecule  of  carbon  dioxide  is 
lost  from  one  molecule  of  the  acid — a  change  which  does  occur  when 
simultaneous  oxidation  takes  place — and  if  this  could  be  accomplished 
the  result  should  be,  as  before  mentioned,  either  dihydroxyacrylic 
acid,  tartronic  semialdehyde,  or  hydroxypyruvic  acid. 

Many  other  interesting  properties  of  dihydroxymaleic  and  dihydroxy- 
tartaric  acids  and  their  derivatives  are  still  under  investigation,  and 
it  is  hoped  that  the  results  will  shortly  be  ready  for  publication. 

Fi'om  the  accounts  given  in  this  and  in  former  communications,  it 
will  be  evident  that,  starting  with  dihydroxymaleic  acid,  it  is  easy  to 
prepare,  in  either  one  or  two  simple  operations,  any  of  the  following 
compounds — dihydroxy tartaric  acid,  tartronic  acid,  mesoxalic  acid,  glycol- 
lic aldehyde,  mesoxalic  semialdehyde  glyoxal,  pyrazinedicarhoxylic  acid. 
In  view  of  these  and  many  other  applications,  it  is  hoped  that  chemical 
manufacturers  may  see  their  way  to  prepare  and  supply  diliydroxy- 
maleic  acid  as  a  commercial  article. 

In  conclusion,  the  author  desires  to  acknowledge  the  very  valuable 
assistance  wliich  he  has  received  daring  a  considerable  portion  of  these 
later  researches  from  the  co-operation  of  Mr.  J.  H.  Ryffel,  M.A.,  of 
Peterhouse,  Cambridge,  and  Guy's  Hospital,  and  to  place  on  record 
liis  high  appreciation  of  Mr.  Ryffel's  scientific  enthusiasm  and  analy- 
tical skill. 

Most  of  the  materials  employed  in  carrying  out  these  researches 
have  been  obtained  with  the  assistance  of  funds  kindly  supplied  by 
the  Government  Grant  Committee  of  the  Royal  Society. 
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LXXXIfl. — BeJiaviour  oj  Solutions  of  Propyl  Alcohol 
towards  Semi-pernieable  Membranes. 

By  Alexander  Findlay  and  FaEDEaicK  Cuarles  Short. 

The  problem  of  the  nature  of  solution  is  one  which  has  during  the 
past  twenty  years  claimed  the  attention  of  many  chemists  and 
physicists,  and  the  phenomena  of  osmosis  and  the  behaviour  of  semi- 
permeable membranes  have  entered  largely  into  its  discussion.  By 
reason  of  the  importance  of  these  phenomena  and  their  bearing  on  the 
fundamental  nature  of  solution,  the  crucial  experiment  carried  out  by 
S.  U.  Pickering,  and  described  by  him  in  the  following  manner, 
seemed  endowed  with  special  interest.  Professor  Pickering  states 
{Ber.,  1891,24,3639):  "  Eine  Losung  von  Alkohol  in  Wasser  (57 
p.  Ut.)  wurde  in  ein  poroses  Gefass  gebracht  und  dieses  in  Wasser 
gestellt ;  es  zeigte  sich,  dass  das  Wasser  in  die  Lusung  eintrat.  Das 
porijse  Gefiiss  mit  der  Losung  wurde  darauf  in  Alkohol  getaucht  und 
ich  fand,  dass  der  Alkohol  in  die  Losung  eindrang.  Das  poruse 
Gefass  war  also  sowohl  fur  Wasser  als  auch  fiir  Alkohol  duiThlassig, 
nicht  aber  fiir  eine  Mischung  beider  Fliissigkeiten ;  eine  solche 
Mischung  muss  daher  aus  griissei-en  Molekiilen  bestehen  als  jede 
der  reinen  Fliissigkeiten,  und  diesem  Umstande  muss  die  Existeuz 
des  osmotischen  Druckes  zugeschrieben  werden,  nicht  aber  der  Un- 
durchlassigkeit  des  Diaphragmas  fiir  die  geloste  Substanz,  wie  man 
bisher  angenommen  hat.  Ich  habe  bis  jetzt  nur  einige  weuige 
vorliiufige  Versuohe  angestellt,  sie  lassen  aber  keinen  Zweifel  iiber 
die  in  Rede  stehende  Thatsache." 

in  the  passage  just  quoted,  it  is  stated  that  alcohol  (by  which  one 
would  understand  ethyl  alcohol)  was  employed  ;  but  Professor  Picker- 
ing has  elsewhere  mentioned  (for  example,  Xature,  1897,  55,  224)  that 
the  alcohol  used  was  propyl  alcohol. 

Although  various  allusions  to  the  above  experiments  ai-e  to  bo 
found  in  the  literature,  no  further  details  are  given  as  to  the  way  in 
which  the  experiments  were  carried  out  or  as  to  the  height  to  which 
the  liquid  rose  in  the  manometer  (if  one  was  used),  nor  is  it  stated 
whether  the  rise  was  a  tempoi-ary  or  a  permanent  one.  The  different 
references  made  by  Pickering  to  his  experiments,  also,  vary  with 
regard  to  whether  a  simple  porous  pot  or  a  semi-permeable  membi'ane 
was  employed.*  Such  being  the  case,  the  importance  attaching  to 
these  results  made  it  desirable  to  repeat  the  experiments,  as  far  as 
possible,   especially   with   the   view   of    discovering  whether   similar 

*  Professor  Pickering  has  explained  to  me  in  a  letter  that  a  porous  pot  only  was 
used,  the  porosity  of  which  was,  however,  very  small. — A.  F. 
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results  could  be  obtained  with  other  alcohols  or  other  substances. 
Although,  in  absence  of  all  experimental  details,  we  cannot  be  sure 
that  the  conditions  under  which  we  worked  were  the  same  as  those 
under  which  Pickei'ing's  experiments  were  carried  out,  we  can  probably 
assume  that  our  experiments  were  at  least  carried  out  in  a  similar 
manner,  and  might  have  been  expected  to  yield  similar  results.  It 
may,  however,  be  at  once  stated  that,  working  as  we  did,  we  entirely 
failed  to  obtain  any  confirmation  of  the  anomalous  behaviour  described 
by  Pickering. 

For  our  first  experiments,  which  were  repeated  at  a  later  date  with 
a  different  pot,  we  also  made  use  of  a  porous  pot  without  semi- 
permeable membrane.  The  pots  used  were  ordinary  cylindrical,  white 
clay  pots,  such  as  ai'e  sold  for  battery  purposes,  and  had  a  capacity  of 
about  100  c.c.  The  pots  were  not  specially  prepared,  except  that  they 
were  soaked  in  distilled  water,  and  the  air  removed  from  the  pores  by 
reduction  of  pressure.  After  the  pot  had  been  roughly  dried  by 
means  of  filter  paper,  it  was  filled  with  a  solution  of  propyl  alcohol 
(Kahlbaum's  "  commercial  ")  containing  57  per  cent,  of  alcohol  by 
volume.  It  was  then  furnished  with  a  tightly-fitting  india-rubber  bung 
and  an  open  manometer  tube  having  a  bore  of  about  2  mm.  When  the 
pot  with  the  solution  was  placed  in  pure  water  or  in  the  commercial 
propyl  alcohol,  the  liquid  in  the  manometer  tube,  which  stood  initially 
from  one  to  two  feet  above  the  top  of  the  pot,  fell  in  each  case  ;  no 
indication  even  of  a  temporary  rise  was  obtained,  except,  indeed,  in 
one  case  when  air  had  accidentally  got  inside  the  pot. 

As  the  experiments  with  porous  pots  alone  gave  entirely  negative 
results,  it  was  decided  to  employ  a  semi-pormeable  membrane,  espe- 
cially as  Pickering  has  himself  stated  that  a  better  result  might  in 
that  case  be  expected.  As  semi-permeable  membrane  we  used  copper 
ferrocyanide,  which,  as  Tammann's  experiments  would  show  {Wiede- 
mtinn's  Annalen,  1888,  34,  299),  is  semi-permeable  to  an  aqueous 
solution  of  propyl  alcohol. 

A  series  of  experiments  was  first  of  all  carried  out  in  duplicate, 
using  two  [)0t8  of  about  170  c.c.  capacity,  farnislied  with  a  copper 
ferrocyanide  membrane,  prepared  some  time  previously  according  to 
the  directions  given  by  Pfeffer.  The  air  was  removed  from  the  pores, 
as  described  above,  and  the  pots  then  filled  with  a  solution  of  propyl 
alcohol,  fiiruislied  with  u  manometer  tube  and  placed  in  a  beaker 
containing  diKtilled  water  and  standing  in  a  thermostat  at  25°. 
Although  solutions  of  propyl  alcohol  of  different  concentration  were 
employed,  namely,  10,  30,  70,  and  90  per  cent,  of  alcohol  by  volume, 
the  result  was  the  same  in  each  case  ;  when  the  semi-permeable  mem- 
brane was  surrounded  by  water,  the  liquid  in  the  manometer  rose,  and 
continued  to  do  su  until  it  reached  the  top  of  the  tube — a  rise  of  more 
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than  a  metre.  The  pot  was  generally  allowed  to  stand  in  water  for 
at  least  twenty -four  hours,  sometimes  for  several  days,  during  which  time 
the  liquid  continued  to  overflow  from  the  open  end  of  the  manometer 
tube.  The  rise  of  liquid,  therefore,  did  not  seem  to  be  a  temporary 
one.  The  pot  was  then  removed  from  the  water  and  placed  in  propyl 
alcohol.  When  this  was  done  the  liquid  in  the  manometer  began  to 
fall  almost  immediately,  and  after  several  hours  fell  to  the  bottom  of 
the  manometer,  or  even  retreated  within  the  pot.  This  fall  was  in  no 
way  due  to  any  leak  past  the  cork  or  manometer  tube,  since,  when  the 
pot  was  replaced  in  water,  the  liquid  again  rose  la  the  manometer  ; 
and  the  rise  and  fall  could  be  obtained  repeatedly  by  placing  the  pot 
alternately  in  water  and  propyl  alcohol. 

Although  exactly  the  same  results  were  obtained  in  the  duplicate 
experiments,  a  similar  series  of  experiments  was  also  carried  out  with 
a  third  smaller  pot  which  had  been  furnished  with  a  freshly-prepared 
copper  ferrocyanide  membrane.  The  same  results  were  obtained  as  in 
the  preceding  experiments.  Special  experiments  were  also  carried  out 
with  a  75  per  cent,  solution  of  propyl  alcohol,  but  with  no  different 
result. 

As  will  be  seen,  our  results  are  in  no  way  in  harmony  with  those 
obtained  by  Pickering ;  nor  can  we,  in  consequence  of  the  uncertainty 
as  to  the  precise  conditions  under  which  those  results  were  obtained, 
offer  any  definite  explanation  of  the  discrejmncy. 

Apart,  however,  from  our  failure  to  reproduce  Pickering's  results, 
it  is  somewhat  difficult  to  find  a  theoretical  basis  for  the  possibility  of 
such  results.  Assuming  that  the  rise  of  liquid  which  was  obtained  by 
Pickering  was  only  a  temporary  one,  an  explanation  of  the  behaviour 
might  be  found  ia  differences  in  the  velocity  of  diffusion  of  the  water 
and  propyl  alcohol.  The  discrepancy  between  the  results  obtained  by 
Pickering  and  by  ourselves  might,  then,  be  due  to  differences  in  the 
porosity  of  the  jx)ts.  This  apjjears  to  us  to  be  much  more  plausible 
than  the  explanation  given  by  Pickering,  which  assumes  the  forma- 
tion of  a  molecule  so  large  as  to  be  iucaptible  of  passing  through  the 
pores  of  the  pot.  The  comparison  of  a  semi-permeable  membrane  with 
a  sieve  may  be  a  legitimate  one  so  long  as  the  membrane  is  semi- 
permeable and  its  "  pores  "  are  of  molecular  dimensions ;  but  it  is 
difficult  to  imagine  that  this  can  be  the  case  with  what  one  ordinarily 
terms  a  porous  membrane,  the  pores  of  which  are  not  of  molecular  size. 

Another  direction  in  which  one  might  look  for  an  explanation  of 
Pickering's  results  is  in  the  phenomena  of  capillai-ity.  If  the  walls 
of  the  porous  pot  are  regarded  as  consisting  of  a  large  number  of  very 
minute  capillary  tubes,  a  rise  of  liquid  in  the  pot  might  be  duo  to 
surface  tension  effects.  If  the  surface  tension  of  the  liquid  inside  the 
pot  is  greater  than  that  outside,  pasaage  of  liquid  from  the  outside  to 


822      CHIKASHIGE  :   OXYMERCURIC   fERCHLORATES   AKD   TSfi 

the  inside  will  take  place,  and  a  rise  will  therefore  be  obtained  in  the 
manometer  tube.  This  might  account  for  the  rise  in  the  case  where 
the  pot  was  surrounded  with  propyl  alcohol,  the  surface  tension  of 
which  is  less  than  that  of  the  solution,  but  it  would  not  account  for 
the  rise  in  the  case  when  water  was  outside. 

We  are  forced,  therefore,  to  conclude  that  the  anomalous  behaviour 
of  solutions  of  propyl  alcohol  in  water  described  by  Pickering,  unless 
confirmed  by  other  experiments,  is  to  be  accounted  for  most  pi'obably 
(if  the  possibility  of  experimental  error  is  excluded)  by  differences  in 
the  velocity  of  diffusion.  If  this  be  so,  the  rise  of  liquid  in  the  pot 
could  only  have  been  temporary,  and  the  experiment  would  hence  lose 
all  its  significance  for  the  problem  of  solution  (compare  Proc,  1905, 
21,  170). 

Chemical  Department, 

UNivBKsrrY  OF  Birmingham. 


LXXXIV. — Oxymercuric  Perchlorates    and   the  Action 
of  Alcohol   on   Mercury  Perchlorates. 

By  MaSUMI    CHIKASHIOfe. 

The  following  statements  have  already  been  published,  in  part  by 
Serullas  in  1830  and  in  part  by  the  author  in  1895  (Trans.,  67,  1013). 
Mercuric  perchlorate  crystallises  with  six  mols.  of  water,  is  exceed- 
ingly soluble  in  water,  and  very  deliquescent ;  it  partly  decomposes  with 
hot  water,  and  loses  both  acid  and  water  when  left  in  a  desiccator. 
Alcohol  converts  it  into  a  white  basic  compound  and  gives  with  its 
a(jueous  solution  an  orange  precipitate  consisting  mainly  of  mercuric 
oxide.  The  white  basic  compound  also  leaves  a  little  mercuric  oxide 
when  acted  on  by  water.  An  apparently  definite,  although  amorphous, 
oxymercuric  perchlorate,  O^Hg3(C10^)2,  is  obtained  by  heating  the 
normal  salt  slowly  to  150°.  Towards  both  water  and  alcohol, 
mercurous  porchloi-ate,  which  crystallises  with  four  mols.  of  water, 
behaves  in  somewliat  the  same  way  as  the  mercuric  salt,  except  that 
alcohol  has  no  immediate  effect  on  its  aqueous  solution.  A  mixture  of 
mercurous  and  mercuric  perchlorates  is  obtained  when  an  alcoholic 
solution  of  the  mercuric  salt  is  boiled  an<l  concentrated  by  evaporation. 
The  author  liaH  since  made  a  fuller  and  a  (juantitative  examination 
of  the  subject,  the  results  of  which  are  described  in  the  present  paper. 
Several  new  salts  have  been^  prepared. 

Hydrated  Oxymtreuric  Perchlorate,  0\i%^{(J\0^^,\2M.p. — If,  instead 
of  just  neulralittitig  perchloric  acid  with  mercuric  oxide,  the  solution 
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of  the  acid  is  digested  with  excess  of  the  oxide  and  then  filtered 
thx'ough  asbestos  and  concentrated  by  evaporation  on  the  water  bath  to 
a  sufficient  extent,  it  will,  when  left  in  a  desiccator  to  cool  and 
evaporate,  deposit  prismatic  crystals  resembling  those  of  the  normal 
salt  except  in  being  somewhat  opaque.  Dried  under  cover  on  a  porous 
tile,  the  salt  has  been  found  to  be  very  soluble  in  water,  leaving  only  a 
very  little  yellow  mercuric  oxide  undissolved,  but  when  its  solution 
is  evaporated  the  salt  gradually  decomposes  into  mercuric  oxide  and 
the  normal  perchlorate.  The  mercury  found  in  it  was  4880  per  cent., 
the  calculated  amount  l^ing  48*76. 

Actian  of  'Alcohol  in  the  Cold  on  Mercury  I'erchloratet. — When 
either  mercuric  or  mercurous  perchlorate  is  treated  with  cold  alcohol, 
most  of  the  salt  goes  into  solution.  The  author  now  doubts  whether 
the  residue  is  basic  to  any  considerable  extent,  or  much  else  than 
anhydrous  or  at  least  dt'hydrated  normal  salt.  In  the  case  of  the 
mercuric  salt,  the  white  substance  quickly  dissolves  when  the  alcohol 
is  being  heated  to  boiling,  whilst  in  the  case  of  the  mercurous  salt  it 
almost  completely  dissolves  when  boiled  for  a  few  minutes  with  the 
alcohol.  That  both  residues  are  decomposed  when  washed  with  water 
is  no  proof  of  their  being  basic,  because  water  itself  decomposes  the 
hydrated  normal  salts  to  some  extent.  It  has  not  been  possible  to  get 
enough  of  the  mercuric  comiwund  in  a  sufficiently  pure  state  for 
analysis,  but  the  mei'curous  compound  has  given  about  63  per  cent,  of 
mercury,  the  calculation  for  anhydrous  mercurous  perchlorate  requiring 
66"8  and  for  the  hydrated  salt  59*6. 

Action  of  Boiling  Alcohol  on  Mercuric  Perchlorate. — On  boiling  the 
solution  of  mercuric  |>erchlorate  with  alcohol,  the  insoluble  matter  goes 
quickly  into  solution  in  the  manner  just  indicated,  but  its  dissolution 
is  soon  followed  by  the  production  of  a  scanty  flocculent  precipitate, 
which,  on  continuing  the  boiling,  gradually  gives  place  to  a  very  small 
quantity  of  granular  precipitate  rapidly  settling  at  the  bottom  of  the 
flask.  During  the  boiling,  much  aldehyde  is  produced  and  most  of  the 
mercury  perchlorate  is  changed  into  mercurous  perchloi-ate,  and  with- 
out the  formation  of  any  chloride  whatever.  The  change  of  the 
mercuric  into  mercurous  salt  is  never  complete.  After  filtering  from 
the  generally  insignificant  amount  of  precipitated  mercuric  salts,  the 
addition  of  hydrochloi-ic  acid  gives  quantities  of  mercurous  chloride 
amounting  to  91  to  92  per  cent,  of  the  total  mercury  taken  as  normal 
mercuric  salt,  namely,  359,  35*1,  36  2  per  cent.,  as  against  3945  per 
cent,  in  the  normal  mercuric  salt.  The  rest  of  the  mercury  which 
remains  in  the  mother  liquor  and  in  the  small  precipitates  filtered  off 
is  entirely  in  the  mercuric  state. 

If  the  alcoholic  solution  is  diluted  with  water  and  evaporated, 
it  deposits,  on  cooling,  principally  the  hydrated  mercurous  perchlorate. 
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When,  without  addition  of  water,  the  alcoholic  solution  is  evaporated 
over  briskly  boiling  water,  the  mercurous  salt  is  for  the  most  part 
decomposed  into  metallic  mercury  and  oxy mercuric  perchlorates,  some 
perchloric  acid  no  doubt  remaining  in  the  solution,  for  the  basic  salt  is 
insoluble  in  acids.  When,  instead  of  proceeding  in  either  of  these 
ways,  the  alcoholic  solution  is  evaporated  at  a  gentle  heat,  it  deposits, 
towards  the  end,  needle-shaped  crystals,  coloured  slightly  grey  through 
contamination  with  a  very  little  metallic  mercury.  Some  of  these 
crystals  were  weighed  out  for  analysis,  dissolved  in  water,  and  filtered 
from  metallic  mercury.  From  the  clear  solution,  mercurous  chloride 
was  precipitated  and  weighed.  After  removal  of  all  the  mercury  from 
another  portion  of  the  salt  the  perchloric  acid  was  precipitated  and 
weighed  with  the  usual  precautions  as  potassium  salt. 

10(HgClO4)2,Hg(ClO4)2 

Found  requires 

CIO4 34-80                —  34-25 

Hgi  —                62-37  62-62 

Hg" —                   —  3-13 

The  existence  of  10(HgClO4)2,Hg(ClO4)2  as  an  individual  substance 
is  open  to  doubt,  but  it  may  be  pointed  out  that  Ray  has  found  that 
mercurous  nitrite,  when  treated  with  water,  deposits  mercury  and  tends 
to  form  the  compound  (HgN02)2,4IIg(N02)2,  not  more  than  78  per 
cent,  of  the  mercurous  nitrite  becoming  converted  into  mercuric  nitrite 
(Trans.,  1897,  71,  340). 

Action  of  Boiling  Alcohol  on  Hydrated  Oxijmercuric  Perchlorate. — 
When  hydrated  oxymercuric  perchlorate  is  boiled  with  alcohol,  there  is 
formed,  at  first,  an  abundant  flocculent  precipitate,  but  as  the  boiling 
continues,  this  gr.idually  gives  place  to  a  granular  precipitate  quickly 
settling  down,  which  is  not  changed  by  longer  boiling  with  alcohol. 
The  mother  liquor  of  those  precipitates  contains  much  mercurous 
perchlorate,  thus  reseuibling  the  solution  obtained  by  boiling  the 
normal  salt  with  alcohol.  The  flocculent  and  the  granular  precipitates 
are  distinct  oxymercuric  perchlorates. 

Anhydrous  1/3-Baaic  Oxy  mercuric  Perchlorate,  Ollg^{G\0^)^. — When 
the  flocculent,  white  precipitate  produced  on  boiling  the  hydrated 
l/3-ba8ic  oxymercuric  perchlorate  (p.  822)  with  alcohol  appeared  to 
be  clo80  to  its  maximum  (juantity  and  had  not  begun  to  give  place  to 
the  doDse  granular  precipitate,  it  was  filtered  off,  washed  well  with 
water,  and  dried  in  a  steam  oven.  It  is  insoluble  in  either  hydrochloric 
or  nitric  acid,  but  is  decomposed  and  dissolved  by  a  mixture  of  the  two. 
Heated  over  the  liunsoD  flame,  it  remains  unchanged  until  its  tempera- 
ture reaches  nearly  to  that  of  dull  redness,  when  it  seema  to  burn 
exploiiively  with  a  feeble  violet  flame  and  leaves    a   rod  residue   of 
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mercuric  oxide.  It  behaves,  therefore,  when  heated,  much  like  mer- 
cury fulminate,  but  in  a  far  less  violent  way.  The  percentage  of  mer- 
cury was  found  to  be  6035,  whereas  theory  requires  5918. 

P-2/3-Ba8ic  Oxi/mercuric  rerMorate,  02Hg3(C10^)^ — The  white, 
granular  precipitate,  which  remains  when  the  alcoholic  solution  of  the 
hydrated  l/S-basic  oxymercuric  salt  is  boiled  until  there  is  no  sign  of 
further  decomposition  being  in  progress,  was  collected  and  prepared 
for  examination  in  the  same  way  as  the  foregoing  salt ;  it  is  called 
the  ^-salt  in  order  to  distinguish  it  from  the  2/3-basic  oxymer- 
curic perchlorate,  described  by  the  author  in  his  first  paper  as  being 
produced  by  heating  the  normal  salt.  Its  analysis  gave  70*73  and  again 
71  15  per  cent,  of  mercury,  whereas  the  calculated  amount  is  72*21. 

In  solubility  in  water  and  single  acids  it  resembles  the  1/3-basic 
salt,  and  in  this  respect  differs  from  the  a-2/3-ba8ic  salt,  which  i^ 
decomposed  by  watei*  and  dissolved  by  acids.  Up  to  nearly  a  red 
heat,  the  /3-2/3-basic  salt,  like  the  a-2/3-bisic  salt  and  the  1/3-basic  salt, 
is  quite  stable.  But  at  about  a  dull  red  heat  it  detonates  with  great 
violence  and  entirely  disappears.  The  violence  of  its  detonation  is 
certainly  much  gi-eater  than  that  of  the  detonation  of  an  equal  weight 
of  mercury  fulminate.  A  milligram  of  the  salt  shattered  the  end  of  a 
nickel  spatula  on  which  it  was  exploded.  The  a-salt,  on  the  other 
hand,  decomposes  without  the  least  explosion  at  a  temperature  nearly 
sufficient  to  decompose  mercuric  oxide.  The  ^-salt  also  detonates  by 
percussion.  Ordinary  percussion  caps  have  been  found  to  detonate 
satisfactorily  when  charged  in  the  usual  way  with  a  mixture  of  37  5 
parts  each  of  tho/3-Siilt  and  poUi^sium  cUlorate  to  25  parts  of  antimony 
sulphide. 

Xatiire  of  the  Action  of  Alcohol  on  Mercury  I'ercJdorates. — From  what 
has  been  stated,  it  seems  fairly  certain  that  alcohol  in  the  hrst  place 
removes  the  water  from  the  three  hydrated  salts  :  the  mercuric  and  the 
1/3-basic  oxymercuric  perchlorates  and  the  mercurous  pei-chlorate ; 
then  it  acts,  at  a  boiling  heat,  on  mercuric  perchlorate  as  a  i*educing 
agent,  converting  it  into  mercurous  perchlorate  and  perchloric  acid  : 

2Hg(C10,),  +  C,H,0  =  (HgClO,)^  +  2HC10,  +  C^H^O. 

The  aldehyde  and  the  perchloric  acid  volatilise,  the  latter  possibly  in 
part  as  its  ester,  but  probably  not,  in  accordance  with  Roscoe's  experi- 
ments as  to  the  behaviour  of  the  acid  with  alcohol  {Froc.  Roy.  Soc., 
1862,  11,  502  ;  J.  Chern.  Soc,  1862,  15,  213). 

The  alcohol  evidently  acts  in  such  a  way  on  the  1/3-basic  oxymer- 
curic salt  as  to  resolve  it  into  normal  mercuric  and  /3-2  '3-basic  oxy- 
mercuric perchloi*ates ;  then  by  reduction  the  alcohol  converts  most  of 
the  former  into  perchloric  acid  and  mercurous  perchlorate,  in  the 
manner  just   shown.      The   very   slight   production   of    oxymercuric 
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pei'chlorate  when  the  alcoholic  solution  of  either  mercuric  or  mercurous 
perchlorate  is  boiled  is  certainly  to  be  attributed  to  hydrolysis ;  at 
the  same  time,  the  mercurous  salt  becomes,  although  to  a  small 
extent  only,  resolved  into  metal  and  mercuric  salt. 

In  conclusion,  the  author  wishes  to  express  his  warmest  thanks  to 
T>r.  Edward  Divers  for  undertaking  the  thorough  revision  of  the 
paper. 

Imperial  University  of  Kyoto,  JafaK. 


LXXXV. — Studies  in  the  Camphane  Series.     Part  XX. 
Camphorylazoimide. 

By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

By  their  investigation  of  semicarbazide,  Thiele  and  Stange  showed 
{Ber.,  1894,  27,  31,  and  Annalen,  1894,  283,  1)  that  a  solution  of  the 
hydrochloride,  when  treated  with  sodium  nitrite,  yields  cai'baminoazo- 
imide, 

NHj-CO-NH-NH.  +  HNOj  =  NH2-C0-N<m  +  2Hp. 

In  view  of  the  tertiary  character  of  the  nitrogen  atom  to  which  the 
amino-group  in  camphoryl-j/^-semicarbazide  is  attached  (compare  this 
vol.,  p.  722),  the  possibility  of  obtaining  camphorylazoimide  by  the 
action  of  nitrous  acid  appeared  somewhat  remote.  Nevertheless,  we 
lind  that  sodium  nitrite,  when  added  to  an  aqueous  solution  of  cam- 
phoryl-i/'-semicarbazide  nitrate,  causes  the  immediate  precipitation  of 
camphorylazoimide,  owing  to  simultaneous  elimination  of  cyanic  acid : 

C«H  H<^JoH)-NH>^^  +  ^^^^2  =  ^«"i^<CO  ^'  +  **^^^  +  '"2^' 

In  seeking  for  the  explanation  of  this  change,  it  is  necessary  to 
recall  the  behaviour  of  diazoguanidine  nitrate,  which  has  been  shown 
by  Thiele  [Anmdcn,  1H92,  270,  1)  to  yield  cyanamide  and  azoiinide 
under  the  influence  of  alkalis  : 


II-N -OINHj 

N-i-NO^ H-j-NH    I 
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It  is  not  unlikely  that  the  action  of  nitrous  acid  on  camphoryl-^semi- 
carbazide  nitrate  involves  the  momentary  production  of  a  diaro-deriv- 
ative,  from  which  camphorylazoimide  would  arise  by  eliminating  nitric 
and  cyanic  acids  : 


.CH N ^^-CO 

^  N 


\> 


N 

I 

/OH    NO3 


-NH 


Attempts  to  isolate  this  compound,  which  would  correspond  to  the 
extraordinarily  stable  diazoguanidine  nitrate,  have  not  been  successful. 
The  alternative  explanation  which  suggests  itself  is  not  supported 
by  facts.  It  might  be  supposed  that  when  concentrated  nitric  acid 
acts  on  acetone  camphoryl-^-semicarbazone,  the  salt  produced  is  the 
nitrate  of  normal  camphorylsemicai'bazide, 

corresponding  to  Rupe's  camphorylcarbamide,  because  we  have  already 
shown  that  whilst  alkalis  transform  the  last-named  substance  into 
camphoryl-i/^-carbamide,  the  converse  change  is  brought  about  by  acids. 
If  the  same  relationship  connected  the  semicarbazidee,  the  nitrate 
obtained  from  acetone  camphoryl-i/f-semicarbazone  should  yield  with 
aldehydes  a  series  of  semicarbazones  distinct  from  those  described  in 
our  previous  communication  (this  vol.,  p.  727),  all  of  which  were  pre- 
pai-ed  from  the  iicetic  acid  solution  of  freshly  reduced  camphorylnitroso- 
i/'-carbamide.  This,  however,  is  not  the  case.  A  specimen  of  benzyl- 
idene  camphoryl-i/^-semicarbazone  has  been  prepared  from  benzaldehyde 
and  camphoryl-i/f-semicarbazide  nitrate,  and  found  to  be  identical  with 
the  substance  already  described  (loc.  c'xt.'). 

Although  readily  fusible,  camphorylazoimide  crystallises  with 
unusual  ease ;  its  behaviour  when  superheated  resembles  that  of 
phenylazoimide  and  its  />-nitro-derivative,  energetic  decomposition 
taking  place  without  actual  detonation.  An  unusual  featvu^e  is  its 
failure  to  yield  hydrazoic  acid  with  alkalis  or  acids,  but  it  must  be 
remembered  that  whilst  the  acylazoimides  readily  yield  hydrazoic  acid 
on  hydrolysis,  phenylazoimide  resists  the  action  of  acids  and  alkalis, 
yielding  diazoimide  only  when  converted  into  the  />-nitro-derivative  ; 
with  this  in  mind,  we  have  tried  to  prepare  substituted  camphorylazo- 
imides,  hitherto  without  success.  Moreover,  the  substance  under  dis- 
cussion represents  a  type  of  azoimide  distinct  from  that  of  hippuryl- 
azoimide,  phenylazoimide,  benzylazoimide,  and  the  recently  described 
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methylazoimide  (Dimroth  and  Wislicenus,  Ber.,  1905,  38,  1573), 
attachment  of  the  azoic  nucleus  in  camphorylazoimide  occurring  at  a 
carbon  atom  which  forms  the  unit  of  a  fully  hydrogenated  cycloid 
instead  of  an  open  chain  or  a  benzene  ring. 

In  other  I'espects,  however,  the  behaviour  of  camphorylazoimide 
agrees  with  that  of  other  nitrides.  Reduction  with  zinc  and  acetic 
acid  gives  rise  to  aminocamphor,  and  a  solution  of  stannous  chloride 
in  hydrochloric  acid  liberates  two-thirds  of  the  azoic  nitrogen,  as  in 
the  case  of  carbaminoazoimide  (Thiele  and  Stange,  Annalen,  1894, 
283,  1): 

CsHu<6o '""^  +  H,  =  C3H„<9^-^«'  +  N, 

The  same  proportion  of  nitrogen  is  eliminated  when  alcoholic  alkalis 
act  on  the  substance,  the  product  consisting  of  a  new  compound, 
o-iminocamphor  : 

^(^H.N3  ^(^HIN  ^C:NH 

This  curious  change,  which  takes  place  quantitatively,  x'ecalls  the 
behaviour  of  benzylazoimide  towards  acids,  Curtius  and  Darapsky 
having  shown  (/.  pr.  Chem.,  1901,  ii,  63,  428)  that  among  other 
products  benzaldehyde  and  ammonia  are  formed,  doubtless  arising 
from  the  intermediate  imino-compound,  C,;H5*CHINH. 

It  will  be  objerved  that  a-iminocamphor  is  the  monoimine  of 
camphorquinone,  and,  as  would  ba  foreseen  from  the  recent  work  of 
Willstatter,  Eugen  Meyer,  and  Pfannenstiel  {Ber.,  1904,  37,  1494 
and  4605),  the  solid  substance  is  highly  unstable.  A  few  minutes 
after  being  spread  on  porous  earthenware  it  undergoes  spontaneous 
change,  which  takes  place  suddenly  if  the  material  is  pressed  together 
in  a  compact  mass ;  at  the  same  time,  white  fumes  are  evolved,  and 
considerable  rise  of  temperature  occurs.  a-Iminocamphor  is  in- 
different toward.s  alkalis,  but  is  readily  soluble  in  dilute  acids,  which 
resolve  it  quantitatively  into  camphorquiuouo  and  ammonia  : 

^»^»«<&^"  +  H,0  -  08H,,<^^  +  NH3. 

It  was  expected  that  hydrogen  peroxide  would  transform  imino- 
camphor  into  t«onitrosocamphor,  llaaso  and  Wolffenstein  having 
shown  {Ber.,  1904,  37,  3228)  that  the  product  from  pii)eridino  and 
hydrogen  peroxide,  previously  regarded  as  S-auiinovaloraldohyde, 
coDsittH  of  piperidine  oxide,  C,,Il,„N*OII  or  CjUjnNlliU,  but  although 
the  etn|)iricul  roHult  in  ))oth  (;aHe8  is  the  Kanie,  namely,  addition  of  an 
ozygeo  atom,  a-camphornitrilio  acid  is  produce  I  instead  of  t6-onitroso- 
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camphor.     We   suspect  this  change  to  depend  on  the  intermediate 
formation  of  the  ;j«(?M</Q-modification  of  i«onitrosocamphor, 


*    ''CO  "    **    C(OH)-OH 


=N  ^CN 


^'«"H<i(0H).6     -^     ^«"'*<CO,H 


Attempts  to  isolate  this  compound  in  the  form  of  its  colourless 
benzoyl  derivative  have  been  unsuccessful. 

Although  a-iminocamphor  is  so  extremely  prone  to  change,  it  may 
be  arrested  in  tlie  form  of  a  stable  carbamide  by  adding  the  calculated 
amount  of  bornylcarbimide  to  a  solution  of  the  fre8hly-prepai*ed 
substance  in  light  petroleum.  The  derivative  thus  obtiiined  can  be 
recrystallised  and  heated  considerably  above  100^  without  under- 
going alteration,  but  hot  dilute  acids  resolve  it  into  camphorquinone 
and  horny Icarbamide.  It  is  interesting  to  compare  the  specific  rotatory 
power  of  the  new  compound  with  that  of  camphorylbornylcarbamide 
(this  vol.,  p.  120),  from  which  it  differs  only  by  the  possession  of  one 
double  linkage  : 

SrCamphory  11)01  nylcarbamiile.  Boruylearbimiuocaiuphor. 

Hp  28-6".  Ho  153-8°. 

It  remains  to  be  mentioned  that  although  camphorylazoimide  is 
precipitated  on  adding  sodium  nitrite  to  an  aqueous  solution  of 
camphoryl-i/^-semicarbazide  nitmte,  the  action  takes  a  diffei-ent  course 
when  the  acetate  is  the  salt  employed  ;  in  presence  of  a  slight  excess 
of  acetic  acid,  nitrous  oxide  is  liberated  and  crystals  of  camphoryl-i/r- 
carbamide  separate  : 

C,H,,<^^'|^^^"^>CO  +  HNO,  -  N,0  +  H,0  + 

Thiele  also  {loc.  cit.)  observed  that  aminoguanidine  nitrate  behaved 
differently  from  the  acetate  towards  sodium  nitrite,  but  the  liberation 
of  nitrous  acid  was  not  recorded. 
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Experimental. 

CH'N 
Camphorylazaimide,  CgH^^-c^  i  ^  . 

Thirty-five  grams  of  campharyl-i/^-semicarbazide  nitrate  were  dis- 
solved in  200  c.c.  of  watei',  and,  the  solution  having  been  cooled  with 
ice,  8  grams  of  sodium  nitrite  crystals  were  added  in  small  quantities. 
Turbidity  was  developed  immediately,  but  no  evolution  of  gas  occurred 
at  the  outset.  When,  roughly,  cue-half  the  nitrite  had  been  added,  a 
white,  crystalline  precipitate  was  formed,  and  the  transparent,  gummy 
mass  which  had  previously  accumulated  began  to  harden ;  simul- 
taneously, the  pungent  odour  of  cyanic  acid  became  perceptible,  and 
towards  the  end  of  the  reaction  disengagement  of  this  gas  became 
quite  brisk.  After  an  hour,  the  substance  was  filtered  and  dried,  the 
yield  being  90  per  cent,  of  the  theoretical  amount ;  the  neutralised 
filtrate,  when  concentrated  on  the  water-bath,  developed  the  vivid  blue 
coloration  with  cobalt  nitrate  in  acetic  acid  which  is  characteristic  of 
cyanates. 

Camphorylazoimide  crystallises  from  alcohol  in  transparent,  hexa- 
gonal prisms,  which  usually  become  aggregated  in  lu.<!trous  plates ;  it 
melts  at  67°,  and  when  heated  in  a  dry  tube  decomposes  suddenly 
without  exploding,  If  protected  from  light,  the  freshly  crystallisetl 
substance  retains  its  lustre  indefinitely,  but  a  few  minutes'  exposure  to 
sunlight  renders  the  crystals  dull  and  opaque. 

01830  gave  0-4163  COj  and  01334  H.p.     C  =  6204;  H  =  810. 

01574     „     29-9  c.c.  of  nitrogen  at  20°  and  762  mm.     N  =  21-79. 

CioHjjONg  recjuires  C«6217  ;  H=:7-77  ;  N  =  21-76  per  cent. 

The  substance  is  readily  volatile  in  steam,  the  vapour  having  a 
pleasant  camphor-like  odour  \  it  does  not  reduce  Fehling's  solution  or 
ammoniivcal  silver  oxide,  and  bromine  appears  to  have  no  substituting 
aption.  It  is  moderately  .soluble  in  boiling  water  and  in  cold  absolute 
alcohol,  dissolving  freely  in  ethyl  acetate,  acetone,  and  light  petroleum. 
Determioations  of  rotatory  power  were  carried  out  in  a  2-dcm.  tube, 
25  c.c.  of  solvent  being  employed  in  each  case, 

0*Ji608  gram  in  benzene  gave  a„  -  7°20',  whence  [a]u  -  361 '5°. 
0-2602     „     in  abHoluto  alcohol  gave  a^  -  5°55',  whence  [uju  -  2842° 
0-2610     „     in  acetone  gave  a„  -  5°50',  whence  [a]„  -  2794''. 
0-2589     „     in  chloroform  gave  a,,  -  5°6',  whence  [ajo  -  246-2°. 

All  attempts  to  obtain  azoimide  from  the  camphoryl  derivative  have 
^9n  fruitless.     The  substance  was  treated  with  boiling  20  per  c^pt, 
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sulphxiric  acid  under  a  reflux  condenser,  to  the  upper  end  of  which 
were  attached  bulbs  containing  acjueous  sodium  hydroxide  ;  there  was 
no  trace  of  sodium  nitride  after  one  hour,  and  50  per  cent,  sulphuric 
acid  merely  charred  the  material  without  eliminating  hydrazoic  acid. 
In  neither  case  was  there  any  sign  of  camphorquinone,  but  this  sub- 
stance is  quickly  formed  when  camphorylazoimide  is  heated  with 
dilute  aqueous  sodium  hydroxiile ;  hyilrazoic  acid  cannot  be  detectetl 
in  the  alkaline  liquid,  however.  K<|iuilly  unsuccessful  were  experi- 
ments in  which  the  compoun<l  was  heate*l  in  sealed  tubes  with  aqueous 
and  alcoholic  solutions  of  silver  nitrate ;  in  both  cases,  silver  was  de- 
posited, unaccompanietl  by  silver  nitride. 

Jiediiction  with  Zino  aiul  Acetic  ^cu/.— Three  grams  of  the  azoimide 
were  dissolved  in  30  o.c.  of  glacial  ivcetic  acid  and  treate*l  with 
5  grams  of  zinc  dust;  after  12  hours,  the  liquid  was  heated  on  the 
water  bath,  filtered,  and  treated  with  excess  of  potassium  hydroxide, 
which  precipitjited  aminocamphor.  The  base  was  identitie«l  by  con- 
vemon  into  camphorylcarbamide.  wliich  was  then  transformed  into 
the  characteristic  carbimido. 

Action  of  Stannous  67«/ont/f.  C'ampliorylazoiiuide  is  iiui  iumn  more 
soluble  in  hydrochloric  acid  than  in  water,  but  on  adding  stannou-i 
chloride,  minute  bubbles  of  gas  appear,  effervescence  continuing  during 
a  considerable  period  if  the  liquid  ivmains  at  the  oiilinary  temperature ; 
ultimately  the  substance  dissolves  completely,  forming  a  colourless 
solution.  Using  weighed  quantities,  it  is  found  that  two  thirds  of  the 
total  nitrogen  is  liberated  in  the  change. 

0-2477  gave  31-9  c.c.  of  nitrogen  at  25°  and  773  mm.     N=  1464. 
CioHi..pN3  i-equires  2/3N  -  1451  per  cent. 

In  order  to  identify  the  other  product,  3  grams  of  the  azoimide 
suspended  in  20  c.c.  of  concentrated  hydrochloric  acid  were  tieated 
with  5  grams  of  stannous  chloride.  The  oily  base  liberated  by  excess 
of  potassium  hydroxide  was  extracted  with  ethex*,  dried  with  solid 
potash,  and  precipitated  in  the  form  of  carbonate,  which  was  then 
ti-ausformed  into  Rupe's  camphorylcarbamide,  and  finally  into  the 
carbimide. 

Action  of  Concentrated  Sulp/iuric  Acid. — When  the  azoimide  is 
dropped  into  concentrated  sulphuric  acid,  a  very  violent  change  takes 
place,  nitrogen  being  set  free  suddenly,  with  considerable  rise  of 
temperature,  whilst  the  acid  solution  remains  clear,  but  does  not 
become  yellow.  On  repeating  the  experiment  with  weighed  quantities 
in  a  closed  vessel  communicating  with  a  nitrometer,  the  proportion  of 
nitrogen  evolved  was  found  to  be  the  same  as  when  stannous  chloride 
acts  on  the  substance. 
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0'2328  gave  28-6  c.o.  of  nitrogen  at  22°  and  770  mm.     N  =  14-10. 
CjQHjjONg  requires  2/3N  =  14-51  per  cent. 

We  have  not  identified  the  other  products. 

a-Iminocamphor  {Camphorquinonemonoimine),  CgHj^<^l, 

When  aqueous  potassium  hydroxide  is  added  to  an  alcoholic  solution 
of  camphorylazoimide,  a  vigorous  action  takes  place  accompanied  by 
brisk  effervescence  ;  if  the  colourless  liquid  is  evapoi'ated,  it  becomes 
pale  yellow,  and  dilution  precipitates  an  oil  which  quickly  solidities. 
This  product  is  soluble  in  hot  water,  and  dissolves  freely  in  cold 
alcohol ;  it  does  not  reduce  Fehling's  solution  or  ammoniacal  silver 
oxide,  but  the  aqueous  solution  becomes  yellow  immediately  on  adding 
a  few  drops  of  dilute  sulphuric  acid,  the  development  of  colour  being 
i-apidly  followed  by  the  formation  of  a  bulky  precipitate  of  camphor- 
quinone,  the  fdtrate  from  which  contains  ammonium  sulphate. 
Complete  removal  of  nitrogen  from  camphorylazoimide  can  be  effected, 
therefore,  in  two  stages,  each  of  which  is  reached  quantitatively.  A 
tube  containing  a  weighed  amount  was  enclosed  in  a  wide-mouthed 
bottle  placed  in  communication  with  a  nitrometer  filled  with  water  ; 
on  tilting  the  bottle,  which  contained  alcoholic  potassium  hydroxide, 
the  volume  of  gas  produced  could  be  measured. 

0-3045  gave  39-6  c.c.  of  nitrogen  at  23°  and  762  mm.     N  =  14-62. 

0-3357     „     43-3  c.c.         „         „       23°    „    762  mm.     N  =  14-50. 

CjoHjjONg  requires  2/3N=  14-51  per  cent. 

In  order  to  estimate  the  nitrogen  removed  during  the  second  stage 
of  the  decomposition,  a  weighed  quantity  of  camphorylazoimide  was 
dissolved  in  ether  and  allowed  to  float  on  a  few  c.c.  of  a  50  per  cent, 
aqueous  solution  of  pure  sodium  liydi-oxide  in  a  small  separating  funnel ; 
on  adding  a  few  drops  of  absolute  alcohol,  a  vigorous  action  ensued, 
and  when  this  had  subsided  the  alkali  was  removed.  The  ethereal 
solution  of  iminocamphor  was  agitated  witli  dilute  hydrochloric  acid, 
becoming  bright  yellow  in  consequence.  On  evaporating  the  acid 
solution,  a  residue  of  ammonium  chloride  was  obtained,  and  from  this 
the  platinichlorido  was  prepared  as  usual. 

0-6213  gram  azoimido  gave  02380  Tt.     N - 6-58. 
0-3472    „  „  „    0-1689  Pt.     N  =  7'01. 

CjoHjjONg  requires  l/3N  =  7-25  per  cent. 

Th«  ethereal  solution  deposited  camphorquinone  on  evaporation. 

Although  thene  experiments  leave  but  little  doubt  regarding  the 
idmitity  of  the  product  from  camphorylazoimide  and  alcoholic  alkali, 
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a-iminocamphor  is  so  un.stable,  and  so  sensitive  to  the  'action  of  acids 
and  of  air,  that  it  is  not  possible  to  obtain  it  in'purified  form.  The  com- 
pound can  be  isolated  by  dissolving  2  or  3  grams  of  camphorylazoimide  in 
pure  ether,  adding  50  per  cent,  aqueous  potassium  hydroxide,  and  then 
sufficient  absolute  alcohol  to  begin  the  action  ;  when  gas  is  no  longer 
evolved,  the  colourless  ethereal  solution  is  decanted  through  a  dry 
filter  and  quickly  evaporated.  On  adding  water  to  the  oily  residue, 
a-iminocamphor  is  obtained  as  a  crystalline  paste,  which  quickly  drieri 
on  porouH  Oiirthenware  ;  it  is  then  only  very  pale  yellow,  and  easily 
crumbled,  but  soon  becomes  bright  yellow  and  cohesive.  No  definite 
melting  point  can  be  recorded  ;  a  freshly  preparetl  sj^eoimen,  almost 
free  from  colour,  melted  at  50 — 60°,  and  it  has  been  generally  noticed 
that  the  bright  yellow  substance  into  which  it  changes  melts  at 
120 — 130°.  One  sj>ecimen  was  analyseil  immediately  after  isolation, 
and  subsequently  at  intervals  of  one  day  and  two  days,  with  the 
following  results  : 

0-1804  gave  0-4554  CO.^  and  0'1528  Hj,0.  C'  =  68*84;  H  =  9-41. 
0-1553  „  0-3883  COg  „  01295  HjO.  C  =  6819 ;  H  =  9-26. 
01782     „     0-4300  00^    „    01443  HjO.     C  =  66-94  ;  H  =  9  26. 

C\oHr.ON  requires  0  =  72-72  ;  H  =  9-02  per  cent. 

CioHj,0,N      „       C-66-30;  H  =  8-28    „      „ 

The  spontaneous  change,  therefore,  appears  to  involve  addition  of 
oxygen,  and  although  the  bright  yellow  colour  of  the  product  suggests 
the  formation  of  camphorquinone,  an  intensely  yellow  specimen  which 
had  remained  during  8  days  in  a  desiccator  containing  calcium  chloriile 
and  potassium  hydroxide  gave  an  amount  of  nitrogen  corresponding 
to  7-74  per  cent.  (OjoHj.O^N  requires  N  =  7-73  per  cent.). 

On  adding  ethei-eal  ferric  chloride  to  a  freshly  prepared  solution  of 
iminocamphor,  a  brown  coloration  is  developed,  followed  almost 
immediately  by  a  brown  precipitate  of  ferric  hydroxide  mixed  with 
camphorquinone. 

The  specific  rotatory  power  of  a-iminocamphor  was  determined  by 
dissolving  a  weighed  quantity  of  camphorylazoimide  in  light  petroleum, 
allowing  the  solution  to  float  on  50  per  cent,  potassium  hydroxide, 
and  adding  2  drops  of  absohite  alcohol,  evolution  of  nitrogen  continu- 
ing during  one  hour;  when  this  had  ceased,  the  alkali  was  removed, 
and  the  filtered  petroleum,  which  was  practically  colourless,  diluted  to 
a  measured  volume.  Thus  iminocamphor  from  07984  gram  of 
camphorylazoimide,  dissolved  in  50  c.c.  of  light  petroleum,  gave  a^  2°30' 
in  a  2-dcm.  tube,  whence  [ajo  91-5^.  One  attempt,  to  determine  the 
specific  rotatory  power  of  the  freshly  isolated  a-iminocamphor  failed 
because  the  substance  became  hot  and  emitted  white  fumes  while  on 
the    balance-pan ;    on   another  occasion,    0-4154   gi-am   dissolved    in 
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25  c.c,  of  absolute  alcohol  gave  ap  2°35'  in  a  2-dcm.  tube,  whence 
[a]D  77-8<=. 

Action  of  Hydrogen  Peroxide. — A  neutral  solution  of  hydrogen 
peroxide  was  agitated  with  an  ethereal  solution  of  a-iminocamphor  ; 
rise  of  temperature  took  place,  but  no  development  of  colour  occurred. 
On  removing  the  ethereal  portion  and  evaporating  the  solvent, 
a-camphornitrilic  acid  was  obtained  ;  it  melted  at  148°,  and  did  not 
depress  the  melting  point  of  a  specimen  prepared  from  isonitroao- 
camphor. 

0-1737  gave  0'4221  CO^  and  01355  H.p.     0=66-26  ;  H  =  8-66. 
CioH^jOgN  requires  C  =  66-29  ;  H  =  8-28  per  cent. 

It  was  hoped  that  the  intermediate  stage  in  this  curious  change 
might  be  recognised  by  drawing  air  through  a  suspension  of  imino- 
camphor  in  water  during  several  days.  On  filtering  the  bright 
yellow  product  at  the  end  of  one  week,  the  liquid  was  found  to  be 
indifferent  towards  Fehling's  solution  and  ammoniacal  silver  oxide, 
giving  ammonia  with  alkali ;  the  yellow  solid  still  contained  4  per 
cent,  of  nitrogen,  but  it  has  not  been  possible  to  obtain  from  it 
the  "  colourless  benzoyl  derivative  of  isonitrosocamphor." 

Bomylcarbimxnoca'mphor ,  CgHj^^C^  i  . 

Two  grams  of  oamphorylazoimide  were  dissolved  in  30  c.c.  of  light 
petroleum  and  the  solution  allowed  to  float  on  concentrated  aqueous 
potassium  hydroxide;  conversion  into  a-iminocamphor  having  been 
effected  in  tlio  manner  described,  the  filtered  petroleum  solution  was 
treated  with  1-8  grams  of  bornylcarbimide  and  transferred  to  a 
desiccator.  No  alteration  in  the  temperature  or  appearance  of  the 
solution  was  noticeable,  but  within  one  hour,  minute  white  needles 
appeared,  accumulating  during  12  hours  until  3*2  grams  were  obtained. 
After  being  washed  with  petroleum,  the  substance  melted  at  205° 
becoming  bright  yellow  at  about  190°. 

0-1319  gave  0-3534  CO^  and  01 144  IIjO.     C  =  7307  ;  H  =  963. 
0-1868     „     138  c.c.  of  nitrogen  at  24°  and  765  mm.     N-8-34. 
C'j,ir3,0.^N.  ro(iuiros  C  -  7325  ;  II  -  930  ;  N  -  814  per  cent. 

The  following  determinations  of  rotatory  power  were  carried  out 
in  a  2-dcni.  tube,  25  c.c.  of  the  Holvent  being  employed  in  each  case. 

0-3332  gram  in  chloroform  gave  oo  4°6',  whence  [u]„  153'8°. 
0-2988      „         benzene  „     oi,  3°9',       „       [ujo  131-8° 

0-3613      „         acetone  „     a^  3°24',      „       [a]u  121-0°. 

0  2318      „         alcohol  „     a„  2^1',        „       [uju  108-7°. 
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The  substance  dissolves  readily  in  the  foregoing  liquids,  more 
sparingly  in  boiling  light  petroleum,  from  which  it  crystallises  in 
silky  needles,  whilst  hot  concentrated  alcoholic  solutions  deposit 
lustrous  prisms  which  have  a  faint  yellow  colour  ;  it  transmits  yellow 
light,  and  the  solutions  in  organic  media  are  bright  yellow.  On  adding 
a  few  drops  of  dilute  sulphuric  acid  to  an  alcoholic  solution,  the  yellow 
colour  disappears,  being  restored  in  a  more  intense  shade  on  boiling 
the  liquid,  from  which  camphoi-quinone  separates  on  cooling. 

Action  of  Nitrous  Acid  an  Camphori/l-\p-aeinuxirbazide  in  Acetic  Acid. 

The  slightly  acid  solution  of  camphoryl-i/>-8emicarbazide  obtained  by 
reducing  the  nitroso-»/^-carbamide  with  zinc  and  acetic  acid  effervesced 
slowly  when  treated  with  sodium  nitrite,  and  a  white,  crystalline 
precipitate  separated  ;  this  was  liltered  and  recrystallised  from  boiling 
water,  which  deposited  lustrous,  white  needles,  melting  and  evolving  gas 
at  194*^,  and  yielding  the  nitroso  compound  already  described  (this  vol., 
p.  116).  The  temperatui-e  is  6°  higher  than  that  recorded  as  the 
melting  point  of  the  i/^-carbamide,  doubtless  owing  to  a  trace  of  the 
normal  moditication  in  specimens  previously  obtained.  In  fact,  the 
difficulty  of  completely  transforming  the  /Meu  Jo -carbamide  into  the 
isomeride  is  greater  than  we  thought  at  first ;  so  much  so,  that  the 
apparent  production  of  camphorylcarbimide  by  tlie  action  of  hot  water 
on  camphorylnitroso-i/'-carbamide  must  now  be  recognised  as  due  to 
traces  of  the  normal  carbamide  in  the  material  submitted  to  the  action 
of  nitrous  acid. 

It  has  not  been  difficult  to  identify  the  gaseous  product  as  nitrous 
oxide,  and  in  order  to  ascertain  whether  the  action  proceeds  quantita* 
tively  on  the  lines  indicated  by  the  equation  already  given,  the  gas 
obtainable  from  10  c.c.  of  solution  was  measured,  and  the  pseudo- 
semicarbazide  present  in  the  same  volume  of  liquid  was  determined  by 
weighing  in  a  Gooch  crucible  the  semicarbazone  precipitated  by 
benzaldehyde. 

10  c.c.  gave  0"3970  gram  of  semicarbazone.  Available  N=»l"78 
grams  per  litre. 

10  c.c.  gave  324  c.c.  of  nitrous  oxide  at  24°  and  762  mm. 
Available  N  =  182  gi-ams  per  litre. 

These  results  are  in  sufficiently  close  agreement  to  show  that  all  th§ 
available  nitrogen  is  removed  in  the  form  of  nitrous  oxide. 

roral  collkqe  of  scikxce,  london, 
South  Kensingtox.  S.W. 


836         TILDEN   AND   STOKES  :   THE   ACTION   OF   MAGNESIUM 


LXXXVI. — The  Action  of  Magnesium  Methyl  Iodide  on 
Pinene  Nitrosochloride, 

By  William  Augustus  Tilden  and  Joseph  Arthur  Stokes,  B.Sc, 

With  the  object  of  further  studying  pinene  nitrosochloride  and  the 
circumstances  in  which  the  nitroso-derivatives  of  pinene  retain  the 
bimolecular  constitution,  it  was  thought  that  some  intei^est  would 
attach  to  the  replacement  of  the  chlorine  of  the  nitrosochloride  by 
an  alkyl  gi'oiip.  For  this  purpose,  the  use  of  Grignard's  reagent  at 
once  suggested  itself,  and  the  anticipated  reaction  has  been  accom- 
plished. The  resulting  oxime  possesses  well  developed  basic  properties, 
as  it  readily  foi'ms  a  stable  hydrochloride.  The  proportions  of 
materials  employed  and  the  conditions  of  experiment  have  been  varied 
in  successive  operations,  but  the  yield  of  the  oxime  remains  very  small, 
amounting  to  less  than  10  per  cent,  of  the  nitrosochloi-ide  used.  The 
by-products  are  chiefly  uncrystallisable  and  become  brown  on  exposure 
to  the  air.  They  include,  however,  a  notable  quantity  of  an  interest- 
ing saturated  base  produced  by  the  intei'action  of  the  magnesium 
alkyl  iodide  with  the  oxygen  of  the  nitroso-group,  the  chlorine  of  the 
nitrosochloride  remaining  inidisturbed.  The  products  are  representee! 
by  the  following  formuliB  : 

Pinene  MethyIpinone-> 

nitrosochloride.  oxime. 

Bimolecular.  Unimolecular. 

The  saturated  base,  chlorhydrodi- 
methyl[iinylaniine. 

(C7Hi2)"<((h.N(GH3)2 
Unimolpcular. 

The  unimolecular  constitiition  of  this  base  appears  to  dispose  of  any 
idea  that  the  two  moh'culcs  of  which  the  nitro.sochlorido  consists  are 
united  by  the  chlorine  as  well  as  by  the  nitroso-group  present  in  each. 
If  the  chlorine  atonts  formed  a  part  of  the  link  it  might  bo  expected 
that  the  base,  wliich  retains  the  chlorine  atom,  would  be  similarly 
lii  molecular. 

The  chlorinated  base  readily  parts  with  the  elements  of  h^'drogen 
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chloride,  yielding  an    uu^atuiated    bajse    which    is   identical   with  di- 
methylpinylamine, 

( '•(  *H 

It  is  leniarkable  that  the  chlorine  of  the  chlorinated  base  is  not 
exchangeable  for  methyl  by  the  further  action  of  the  magnesium 
methyl  iodide  used  in  excess,  even  at  a  temi^erature  exceeding  100^. 
This  is  a  further  example  of  the  mutual  influence  of  the  groupu 
occupying  the  ortho-j)Osition  in  these  compounds,  which  is  indicated 
also  by  the  effect  produced  by  the  chlorine  atom  in  preventing  the 
conversion  of  the  neighbouring  nitroso  group  into  the  oxime  form 
(compare  Trans.,  1904,  85,  764). 

Experimental. 

A  solution  of  magnesium  methyl  iodide  in  ether  was  first  prepared 
by  mixing  together  35  grams  of  magnesium  powder,  25  grams  of 
methyl  iwlide,  and  75  c.c.  of  dry  ether.  The  clear  solution  was  then 
added  in  small  quantities  to  15  grams  of  pinene  nitrosochloride  made 
into  a  thin  paste  with  dry  ether.  After  standing  at  the  ordinary  tem- 
perature some  twelve  hours,  the  mixture  was  heated  to  the  boiling 
point  of  the  ether  for  about  an  hour.  A  small  quantity  of  alcohol  was 
then  added,  and  the  precipitated  magnesium  hydroxide  dissolves!  by 
adding  a  strong  aqueous  solution  of  ammonium  chloride.  After 
eva{X)rating  off  the  ether,  the  residual  viscid  substance  was  washed 
with  cold  water  and  was  then  redissolved  in  ether  and  shaken  in  a 
separating  funnel  with  a  small  quantity  of  very  dilute  hydi-ochloric 
acid.  The  ethereal  and  acid  solutions  were  then  sepai-ated.  The 
former  on  addition  of  light  petroleum  gave  a  white,  crystalline  precipi- 
tate which  proved  to  be  the  oxime. 

The  acid  solution,  rendered  slightly  alkaline  by  caustic  potash  and 
extracted  with  ether,  yielded  large,  thick,  rhombic  prisms  melting  at 
122°  and  consisting  of  the  chlorinated  base. 

The  by-products  from  both  ethereal  solutions  were  viscid  and  yellow 
substances,  darkening  on  exposme  to  the  air,  from  which  nothing 
definite  could  be  obtained. 

The  OxiiM,  CioH,5(CH3):NOH. 

The  oxime  was  readily  soluble  in  cold  alcohol,  ether,  benzene, 
acetone,  ethyl  acetate,  and  chloroform,  but  almost  insoluble  in  petrol- 
eum even  when  hot.  After  recrystallisation  from  a  mixture  of  chloro- 
form and  petroleum,  it  was  obtained  in  prismatic  needles  melting  at 
193°. 
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0*2026  gave  13-9  c.c.  moist  nitrogen  at  21°  and  768  mm.     N  =  7-94. 

Cj^H^gON  requii^es  N  =  7'73  per  cent. 
0-0310  in  13-2  benzene  gave  M  -  0'06°.     M.  W.  =  191. 
0*0868       „  „         „     A«-0-17°.     M.  W.  =  187. 

The  unimolecular  formula  Cj^HjjjON  requires  ISL 

This  compound  is  soluble  in  warm  dilute  caustic  potash,  also  in 
Warm  dilute  hydrochloric  acid,  yielding  a  definite  hydrochloride  which, 
after  recrystallisation  from  alcohol,  gave  the  following  results  : 

0-2112  gave  0-1402  AgCl.     01=16-42. 

CiiHigOISrjHCl  requires  01  =  16-32  per  cent. 

The  benzoyl  derivative,  prepared  by  the  conjoint  action  of  benzoyl 
chloride  and  caustic  potash  solution,  crystallises  from  petroleum  in 
plates  which  melt  at  118°. 

The  methyl  ether, \Q■^f^^^[Q]l^\1^0'G)ly  was  obtained  by  boiling  the 
oxime  dissolved  in  methyl  alcohol  with  methyl  iodide  and  caustic 
potash.  On  pouring  the  solution  into  water,  the  ether  was  precipitated 
and  was  crystallised  from  methyl  alcohol  ;  it  forms  small,  prismatic 
needles  which  melt  at  62°. 

0-2112  gave  13-7  c.c.  moist  nitrogen  at  21°  and  769-5  mm.      N  =  7-48. 
CijHjiON  requires  N  =  7'18  per  cent* 

Action  oj  Acids  07i  the  Oxime. 

Two  grams,  heated  in  a  sealed  tube  with  excess  of  20  per  cetit. 
hydrochloric  acid  for  about  two  hours,  gave  a  solution  which  reduced 
Fehling's  solution,  and  when  submitted  to  steam  distillation  gave  a 
Bweet-scented  oil.  The  quantity  was  insufficient  for  detailed  study, 
but  obviously  consisted  of  the  corresponding  ketone.  This  was  con- 
firmed by  mixing  it  with  hydroxylamine  and  caustic  soda,  with  the 
addition  of  a  little  alcohol,  when,  after  some  time,  needles  of  the 
original  oxime  were  deposited. 

The  oxime  dissolves  in  warm  concentrated  sulphuric  acid  with  pro- 
duction of  a  red  colour,  which,  on  admixture  of  water,  disappears,  and 
a  precipitate  is  formed  of  the  original  oxime. 

JSxaminatian  qf  live  Chlorinated  Base, 

The  chloro-base  was  analysed  after  crystallisation  from  ether. 

0-1564  gave  0-3820  COj  and  01460  If^O.     0-66-44  )  H  =  10-36. 
00951  gave  0-0634  AgOl.     01-16-51. 

0-2340  gave  140  c.c.  moist  nitrogen  at  22°  and  7545  mm.  N  =  6-73. 
OjjH^Cl  requires  0- 60-82;  H- 10-20;  01-16-47;  N-6'50  per  cent. 
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0  0708  in  12-9  benzene  gave  A<-012^.     M.  W.  =  224'l. 
01362     „  „  „       A<-0-23°.     M.  W.  =  224-9. 

The  unimolecular  formula  Cj,HjjNCl  requires  M.  W.  =  215*5. 

With    the    object    of     obtaining    the    base     C^Bj<C^\^^j;       , 

which  would  result  from  the  exchange  of  the  chlorine  for  a  methyl 
group,  the  pure  chloro-bane,  dissolved  in  ether,  was  mixed  with  an 
excess  of  magnesium  methyl  iodide.  It  was  found,  however,  that  no 
interaction  occurred  either  at  the  ordinary  temperature  or  at  the  boil- 
ing point,  or  when  the  temperature  of  ebullition  was  raised  to  GC  by 
addition  of  toluene.  A  fresh  ethereal  tiolutiou  of  the  base  and 
reagent,  sealed  up  and  heated  to  about  110*^,  deposited  a  liquid  and  a 
small  quantity  of  viscid  matter,  but  nothing  could  be  obtained  from 
the  product  except  a  minute  (quantity  of  volatile  alkaline  matter, 
which  was  too  small  in  amount  to  permit  of  its  separation  from  the 
brown,  viscous  substances  chiefly  produced. 

The  hi/drochloride^  which  was  prepared  by  dissolving  the  base  in  ether 
and  passing  hydrogen  chloride  into  the  solution,  forms  small  needles. 

0*2887  required  11*6  c.c.  of  standard  silver  nitrate,  of  which 
1  c.c.  =  0003548  CI.     01  =  14*29  per  cent. 

CiaHj^NCUHCl  requires  CI  (of  HCl)  -  14*14  per  cent. 

Action  of  Alcoholic  Potash  on  tlte  Base. 

Five  grams  of  the  chlorinated  base  dissolved  in  alcohol  were 
boiled  with  1*5  grams  of  caustic  potash  until  the  reaction  was 
completed  as  indicated  by  the  precipitation  of  potasbium  chloride. 
On  adding  to  the  liquid  a  small  quantity  of  wat^r,  colourless  crystals 
separated  out,  which,  after  recrystallisation  from  diluted  alcohol, 
melted  at  112°. 

0-2038  gave  142  c.c.  of  moist  nitrogen  at  25=*  and  761  mm.  N  =  7*83. 
CjoHg^N  requires  N  =  7*82  per  cent. 

The  hydrochloride  of  this  unsaturated  base  was  obtained  in  the  form 
of  small,  white  needles  by  dissolving  the  base  in  ether  and  passing 
dry  hydrogen  chloride  into  the  solution. 

0*2009  required  9*4  c.c.  iV^/10  AgNOg.     CI  =  16*59. 
0*2742        „      12*8  c.c.  iV/10  AgNOg.     Cl=  16*56. 

Cj.2H.,jN,HCl  requires  CI  =  16*47  per  cent. 

As  this  base  was  presumably  identical  with  dimethylpinylamine, 
it  was  thought  probable  that  it  would  yield  a  nitrate  more  or  less 
resembling  the  nitrate  of  pinylamine,  which  is  distinguished    by  its 
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slight  solubility  in  water  ;  this  was  found  to  be  the  case.  The  un- 
saturated base,  dissolved  in  the  smallest  possible  quantity  of  hydro- 
chloric acid,  gives,  on  the  addition  of  a  solution  of  sodium  nitrate, 
a  precipitate  of  small  prisms  which  resemble  the  pinylamine  nitrate 
in  solubility. 

In  order  to  compare  the  new  base  with  dimethylpinylamine, 
which  has  not  hitherto  beeli  described,  six  grams  of  pinylamine 
were  dissolved  in  methyl  alcohol  and  heated  with  an  excess  of 
methyl  iodide  at  100'^  for  some  hours.  After  evaporating  off  the 
excess  of  methyl  iodide,  the  liquid  was  poured  into  dry  ether.  A 
white,  crystalline  precipitate  of  the  hydriodide  was  deposited,  whilst 
the  mother  liquor  retained  a  yellow,  viscid  oil. 

The  hydriodide  is  very  soluble  in  water  and  gave  an  immediate 
precipitate  with  silver  nitrate. 

0-2168  gave  01664  AgL     I  =  41-40. 

CigHgiN.HI  requires  1  =  41-43  per  cent. 

The  nitrate  was  prepared  by  adding  a  concentrated  solution  of 
sodium  nitrate  to  a  solutioh  of  the  hydriodide. 

0-1485  gave  15-0  c.c.  hioist  hitrogen  at  19°  and  765  mm.     N  =  11-87. 
CjjHo^N.HNOa  requires  N-  11*57  per  cent. 


himtthyljnnylamine. 

On  dissolving  the  hydriodide  in  water  and  adding  caustic  potash,  the 
base  is  precipitated  as  a  white,  crystalline  solid.  Dimethylpinyl- 
amine crystallises  from  ether  in  small  prisms  which  melt  at  112°  and 
which,  when  mixed  with  the  unsaturated  base  described  above,  cause 
iio  depression  of  the  melting  point.  Hence  the  identity  of  the  two 
substances  may  be  regarded  as  established. 

RuYAL  COLLEOE  OF  SciENtE,    LoNDON, 

tiouTH  Keksinoton,  S.W. 
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LXXXYIL—The  Reduction  of  hoPhthalic  Acid. 
Part  II. 

By  William  Goodwin  and  William  Henry  Pbrkin,  jun. 

The  first  part  of  this  investigation  (Perkin  and  Pickles,  Trans.,  1905, 
87,  293)  dealt  with  the  behaviour  of  <«ophthalic  acid  on  reduction 
with  sodium  amalgam  ;  from  the  product,  the  four  possible  tetrahydro- 
tsophthalic  acids  were  obtaineil,  their  pi'operties  described,  and  their 
relationship  and  constitutional  formula;  discussed. 

Attention  was  called  to  the  fact  that  it  had  not  been  found  possible 
to  isolate,  from  the  mixture  of  acids  formed,  even  a  trace  of  a  dihydro- 
t«ophthalic  acid,  and  it  was  mentioneii  that,  in  this  respect,  t«ophtliaIic 
acid  behaves  differently  from  phthalic  and  terephtlialic  acids,  l>oth  of 
which,  when  treated  with  sodium  amalgam,  yield  dihydi-o-dei-ivatives 
as  the  first  pro<lucts  of  the  reduction.  A  dihydi'ot^ophtbalic  acid 
(m.  p.  255^)  was,  however,  obtained  indirectly,  namely,  from  3 :  4-di- 
bromohexahydrojsophthalic  acid  by  the  action  of  methyl-alcoholic 
potash,  and  to  this  acid  the  constitution  A^**, 

CO.H 

^  JC0,H 

was  provisionally  assigned  {loc.  cil.,  p.  310).* 

In  the  present  communication  we  describe  a  series  of  experiments 
having  for  their  starting  point  hexahydroi«ophthalic  acid,  which,  as  is 
well  known,  exists  in  cis-  and  fra/w-modifieations  : 

H        CO.H  CO,H        H 

V      '  V 

h/\h..  h„^h..      . 

HjUlIcOjH  HjIhJ-c'o.h 

Hg  Hj 

These  acids  were  first  obUiined  synthetically  (Perkin,  Trans.,  1891, 
50,  808)  from  the  product  of  the  action  of  methylene  di-iodide  on  the 
disodium  derivative  of  ethyl  pentanetetracar  boxy  late  by  hydi-olysis  and 
elimination  of  carbon  dioxide.     In  the  preparation  of  the  considerable 

*  The  scheme  of  DUiubering  is  that  employed  in  the  previous  paper,  that  is  : 

COjH 

A\ 

a| 
4  xCOjH 
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quantity  of  material  required  for  the  present  investigation,  we  pre- 
ferred to  employ  a  method  of  synthesis  which  was  discovered  shortly 
afterwards  (Perkin  and  Prentice,  Trans.,  1891,  59,  990),  as  this 
appeared  to  be  the  more  convenient. 

In  this  synthesis,  the  disodium  derivative  of  ethyl  propanetetra- 
carboxylate  is  digested  with  trimethylene  dibromide, 

p„  ^CNa(CO.,Et).,    .    Br-CH2^p„ 
^«2\cNa(COlEt)2   ■*■   Br-CH2'^^^2      - 

^H2<c|co:Etl::cg:>CIl2   +    ^NaBr, 

and,  after  hydrolysing,  the  hexamethylene-1  :  1  :  3  :  3-tetracarboxylic 
acid  is  heated  at  180°,  when  it  is  decomposed  with  elimination  of  two 
molecules  of  carbon  dioxide  and  formation  of  a  mixture  of  the  cis-  and 
frans- modifications  of  hexahydro/«ophthalic  acid. 

These  acids  cannot  be  separated  by  crystallisation,  and  separation 
has,  so  far,  only  been  accomplished  by  taking  advantage  of  the  fact 
that  the  calcium  salt  of  the  cw-acid  is  much  less  soluble  than  that  of 
the  trans-acid  (Trans.,  1891,  59,  808).  The  melting  point  of  the  cis- 
acid  was  given  as  161 — 163°  and  that  of  the  trans-a.cid  as  120 — 122°. 
Baeyer  and  Villiger  {Aniialen,  1893,  276,  255)  subsequently  prepared 
the  hexahydroi«ophthalic  acids  by  combining  the  mixture  of  tetra- 
hydrowophthalic  acids,  produced  when  isophthalic  acid  is  reduced  with 
sodium  amalgam,  with  hydrogen  bromide  and  then  reducing  the 
resulting  bromohexahydroisophthalic  acids  with  zinc  dust  and  acetic 
acid.  The  two  isomerides  were  separated,  as  before,  by  means  of  their 
calcium  salts  ;  the  less  soluble  calcium  salt  yielded  the  pure  ct«-acid 
(m.  p.  161 — 163°),  whereas  the  <rans-acid  was  obtained  from  the  mother 
liquors,  and  after  repeated  crystallisation  melted  at  118 — 120°. 
During  the  course  of  our  experiments,  we  repeatedly  made  observations 
which  led  us  to  suspect  that  the  product  molting  at  120°,  and  which 
had,  so  far,  been  assumed  to  be  pure  <rrt?w-hexahydroisophthalii;  acid, 
was  not  a  single  substance. 

Unlike  the  ct«-modification,  which  crystallises  in  well-defined  needles, 
the  acid  melting  at  120°  always  separates  in  indefinite  nodular  masses, 
and  the  melting  point  is  not  so  sharp  as  that  which  a  pure  substance 
of  this  nature  might  be  expected  to  exhibit.  The  acid  has,  indeed, 
properties  which  are  very  similar  to  those  of  the  curious  mixture  of 
CM-  and  <ra7i.«-aa-dimethylglutaric  acids  (Auwers  and  Thorpe,  Her,, 
1896,  28,  623  ;  Jiono  and  Perkin,  Trans.,  1896,  59,  268)  which  melts 
at  106 — 106°  and  cannot  be  separated  into  its  compononts  by  crystal- 
liftation.  The  latter  mixture  nuiy,  however,  bo  resolved  by  taking 
advantage  of  the  fiict  that  the  ci«-modiHcation  is  converted  into  the 
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anhydride  by  the  action  of  acetyl  chloride  in  the  cold  and  dissolves, 
whereas  the  ^ra/w-modification  is  unchanged  by  this  treatment  and 
remains  undissolved.  Wlien  this  method  was  applied  to  the  acid 
melting  at  120"^,  no  such  separation  could  be  accomplished,  because 
the  whole  dissolved  in  the  acetyl  chloride,  and  on  treatment  with  water 
the  acid  melting  at  120'^  was  recovered  unchanged. 

We  subsequently  found  that  this  acid,  when  dissolved  in  a  consider- 
able excess  of  ammonia  and  heated  for  some  hours  with  calcium 
chloride,  yields  a  quantity  of  the  calcium  salt  of  the  ctVacid,  and,  after 
repeating  this  treatment  several  times,  the  mother  liquor  deposits,  on 
acidifying,  pure  <raj«<-hexahydroii(ophthalic  acid,  which  crystallises 
from  water  in  well-defined  prismatic  needles  and  melts  at  148°. 

We  were  now  able  to  prepare  the  acid  melting  at  120°  by  mixing 
about  equal  quantities  of  the  pure  cis-  and  <»Y(/<«-modifications  and 
ci'ystallising  the  mixture  from  a  little  water ;  the  nodular  masses  thus 
obtained  melted  at  120 — 122°  and  had  all  the  properties  of  the 
substance  which  had  previously  been  assumed  to  be  pure  <ran»-hexa- 
hydroi«ophthalic  acid.  In  the  earlier  experiments  by  Perkin  and  by 
Baeyer  and  Villiger  {loc,  cit.),  the  acid  (m.  p.  120"^)  was  naturally 
subjected  to  treatment  with  ammonia  and  calcium  chloride  in  order  to 
show  that  it  did  not  contain  any  of  the  cw-moditication, 

Perkin  {loc.  cit.,  p.  814)  employed  a  strong  neutral  solution  for  this 
purpose,  and  Baeyer  and  Villiger  {loc.  cit.,  p.  261)  state  that  they 
used  **  miiglichst  wenig  Ammoniak,"  but  we  now  find  that  it  is  neces- 
sary to  have  a  considerable  excess  of  ammonia  present,  otherwise  no 
sejmration  of  the  uilcium  salt  of  the  ct«-acid  takes  place. 

In  possession  of  this  means  of  sepai'ation,  we  have  prepared  large 
quantities  of  the  cis-  and  <ran«-moditications  of  hexahydro«sophthalic 
acid,  and  submitted  these  to  a  detailed  investigation,  the  results  of 
which  may  be  briefly  summarised  as  follows  : 

The  Iraiuincid  (m.  p.  148"^)  is  partially  converted  into  the  cw-acid 
(m.  p.  163°)  by  heating  with  hydrochloric  acid  at  170^,  and  the  reverse 
change  is  also  true.  It  is  cleai*,  therefore,  that  if  either  isomeride  is 
subjected  to  this  treatment  a  condition  of  equilibrium  is  established, 
but  the  mixture,  the  composition  of  which  seems  to  vary  with  the 
temperature  and  the  concentration  of  the  hydrochloric  acid,  has  not 
been  quantitatively  investigated. 

When  the  trans-acid  is  treated  first  with  phosphorus  pentachloride  and 
then  with  bromine  (1  mol.),  and  the  product  decomposed  by  formic 
acid,  it  yields  l-bromo-iv&us-hexcchi/droisophthalic  acid,  which  melts  at 
210°,  and  the  constitution  of  which  is  proved  by  the  fact  that  on 
I'eduction  with  zinc  dust  and  acetic  acid  it  is  again  converted  into  the 
<7'a>w-acid.     This  l-bromo-fra?««-acid  is  readily  decomposed  by  boiling 

3  L  2 
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caustic  potash  with  elimination  of  hydrogen  bromide  and  formation  of 
A^-tetrahydrowophthalic  acid  (Trans.,  1905,  87,  307), 

COgH 


but  whether  this  acid  is  the  dii-ect  product  of  the  elimination  of 
hydrogen  bromide,  or  whether  one  of  the  other  tetrahydroi^ophthalic 
acids  is  first  produced  and  then  converted  into  the  A^-acid  by  the 
action  of  the  caustic  potash,  it  is  impossible  to  say. 

It  is,  however,  interesting  to  note  that  the  l-bromo-<raw«-acid  yields 
A^-tetrahydrowophthalic  acid  in  small  quantities  when  it  is  digested 
with  dilute  sodium  carbonate,  and  since  it  is  unlikely  that  this  treat- 
ment would  convert  one  modification  of  tetrahydroj'sophthalic  acid  into 
another,  this  fact  may  be  taken  as  some  evidence  that  the  A^-tetra- 
hydro-acid  is  the  direct  product  of  the  elimination  of  hydrogen  bromide 
from  the  hromo-t7'ans-a,cid* 

Very  little  A''-tetrahydroi«ophthalic  acid  is,  however,  produced  from 
the  <ra7ia-bromo-acid  by  the  action  of  sodium  carbonate,  and  if  the 
reagent  is  very  dilute,  a  mere  trace  only  is  formed.  The  principal 
product  of  the  reaction  is  l-hydroxy-^rajts-hexahydrowophthalic  acid, 

COoH     OH 


^HJ-CO^H 

*  By    direct    elimination    of   hydrogen    bromide  (without  molecular  change), 

l-l)romo-<ra7W-liexahydroiwphthalic  acid  might  yield  cither  A'-'-  or  A'-tetrahydroiso- 

)  ill  thai  ic  acid  : 

CO,H  CCjlI  CO3H 

/\  /\  /\ 

\         I  yields         f       II  or  f        I 

!^rJ-CO,H  '     ^COaH  'v    Jt'O^H 

A'.  A\ 

and,  in  order  to  obtain  nvidcuco  us  to  the  direction  in  which  this  change  takes  jilaco, 
the  following  cxiHJrinicnt  was  made  after  the  inesent  jiaper  had  been  written  and 
wftj»  in  the  pro«8.  A  very  jturo  Hpecimen  of  A'-tetrahydro/.vophthalic  acid  was  pro- 
parful  and  l)oilo<l  for  half  an  hour  with  a  solution  of  sodium  carbonate  (saturated  at 
the  ordinary  tcmiioiaturo).  The  i)roduct  was  acidified  and  allowed  to  stand  for  24 
houm,  but  no  trace  of  the  very  iijmringly  soluble  A*-tetrahydro/.vophthalic  acid 
•rparntcil,  and,  on  extracting  with  ether,  the  whole  of  the  A'^'-acid  was  n^covered 
unchanged.  It  is  clear,  therefore,  that  the  latter  acid  does  not  undergo  molecular 
change  when  lM)ilod  with  sodium  carbonate,  and  tiie  obvious  deduction  from  tliis 
experiment  i«,  that  no  molecular  change  takes  place  when  A''-totrahydrot.wphthalic 
acid  in  formed  from  l-bromo-^ran«*hezabydroi«(yi)hthalic  acid  by  the  action  of 
alkaliN. 
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which  melts  at  about  160'',  and  when  warmed  with  sulphuric  acid  at 
40"  is  decomposed  with  elimination  of  carbon  monoxide  and  formation 
of  y-ketohexahydrobenzoic  acid  : 

00 

CHj  CHj 

CH.,  CHCO.H  • 

\y 

Both  of  these  acids  had  already  been  prepared  by  Baeyer  and  Tutein 
{Ber.,  1889,  22,  2182—2187).  y-Ketohexahydrobenzoic  acid  was 
obtained  from  tetrahydrohydroxyterephthalic  acid  (ketohexahydro- 
terephthalic  acid)  by  the  elimination  of  carbon  dioxide  : 

CO  CX) 

COjHCH  CHj  _      CJO       -      WCH, 

CHj  CHCOjH  '  CH,  CH-CX).H. 

\/  \/ 

The  keto-acid  was  found  to  combine  readily  with  hydrogen  cyanido 
with  formation  of  the  nitrile  of  1 -hydroxy hexahydroisophthalic  acid, 
from  which  the  acid  itself  was  obtained  by  hydrolysia  with  hydro- 
chloric acid.  Baeyer  and  Tutein  do  not  give  the  melting  point  of  the 
hydroxy-acid  which  they  prepared  in  this  way,  but,  from  its  method  of 
formation,  it  seems  probable  that  it  consisted  of  a  mixture  of  the  cia- 
and  irana-modifications. 

A  series  of  experiments  was  next  made  with  the  object  of  preparing 
1  : 3-dibromo-f/ans-hexahydrot8ophthalic  acid, 

COjH      Br 

\/ 
/\ 
'\Br^CO,H, 

and  it  was  found  that  this  acid  may  be  very  readily  obtained  by 
treating  <ran«  hexahydrot#ophthalic  acid  first  with  phosphorus  penta- 
chloride  and  then  with  bromine  (2  mols.),  and  then  decomposing  the 
product  with  formic  acid.  This  acid  melts  at  about  181°,  and  when 
digested  with  methyl-alcoholic  potash  yields  a  dihydrowophthalic  acid 
which  is  isomeric  with  that  previously  obtained  from  3  :  4-dibromo- 
hexahydroi^ophthalic  acid  by  similar  treatment  (compare  p.  841 ;  ajso 
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Trans.,  1905,  87,  293),  and  the  constitution  of  which  is  pi-obably 
represented  by  the  formula 

CO2H 
^\ 

We  have  also  investigated  the  action  of  bromine  on  cts-hexahydroz«o- 
phthalic  acid  and  find  that,  when  this  acid  is  heated  with  phosphorus 
pentachloride  and  bromine  at  a  temperatui'e  not  exceeding  100°,  it  is 
converted  into  l-bromo-fraws-hexahydroisophthalic  acid.  This  conver- 
sion of  a  cis-  into  a  <ra?is-modification,  under  the  above  conditions,  did 
not  appear  to  have  been  observed  until  Buchner  and  Wedemann 
{Ber.,  1905,  38,  1599)  quite  recently  showed  that  the  cis-modification 

C*FT*00  TT 
of   trimetbylene-1  :  2-dicarboxylic  acid,   CH2<^  '      ^^^tt>  after  being 

successively  converted  into  the  acid-chloride  and  then  heated  with 
bromine  at  150 — 160°,  yields  bromo-derivatives  of  the  <raws-acid. 

There  is,  however,  this  difference  in  the  two  series  of  experiments, 
namely,  that  the  temperature  employed  by  Buchner  and  Wedemann 
is  much  higher  than  that  which  we  used  in  our  experiments  on  the 
bromination  of  cis-hexahydrot«ophthalic  acid. 


Preparation  of  Hexamethylene-\  :  1  :  3  :  Z-tetracarhoxylic  Acid 
and  of  cis-IIexahydroisophthalic  Acid, 

In  the  preparation  of  considerable  quantities  of  these  substances, 
the  process  which  was  found  to  give  the  best  results  was  the  following 
modification  of  the  method  previously  employed  by  Perkin  and  Prentice 
(Trans.,  1891,  60,  990).  Sodium  (23  grams)  is  dissolved  in  alcohol 
(350  grams),  the  solution  mixed  with  ethyl  propanetotracarboxylato 
(1G6  gram.s)  and  trimethylene  dibromido  (101  gi*ams),  and  lieated  in  a 
raflux  apparatus  for  one  hour  on  the  water-bath ;  and,  as  the  action  is 
a  rather  vigorous  one,  it  is  advisable,  in  order  to  avoid  loss,  to  use 
a  largo  flask  and  very  long  condenser  in  this  operation. 

The  product  is  diluted  with  water,  extracted  witli  ether,  and, 
after  the  ethereal  solution  has  been  well  washed  and  dried  over 
calcium  chloride,  the  other  is  evaporated  and  the  residue  fractionated 
under  25  mm.  prosHure.     The  fractions  collected  wore  : 

(a)  B.  p.  120 — 200".  This  oil  evidently  contained  much  ethyl 
methylenemalonate,  (C0.^Et).^C;CH2,  since  it  deposited  a  quantity  of 
the  horn  like  i)olymerido  of  this  substance  on  standing  (compare 
Uaworth  and  J'erkin,  Traus.,  1898,  73,  342;  Bottomley  and  Perkin, 
Trans.,  1900,  77,  307). 
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(b)  B.  p.  220 — 240°.  This  fraction  was  a  Wscid,  pale  yellow  oil 
and  consisted  largely  of  ethyl  hexamethylenetetracarboxylate. 

(c)  B.  p.  240 — 260°  On  standing,  this  fraction  became  semi-solid 
owing  to  the  separation  of  crystals  of  ethyl  pentanehexivcarboxylat© 
(Bottomley  and  Perkin,  loc.  cit.,  p.  298).» 

The  crude  ethyl  hexamethylenetetracarboxylate  (which  is  obtained 
in  a  yield  of  about  35  per  cent,  of  tliat  theoretically  possible)  is  hydro- 
lysed  by  boiling  with  methyl-alcoholic  potash  (6  mols.)  for  four  houi-s ; 
water  is  then  added  and  the  solution  evaporated  on  the  water-bath 
with  the  repeated  addition  of  small  quantities  of  water,  until  the 
methyl  alcohol  has  been  completely  removed.  The  concentrated 
solution  is  then  acidified  with  hydrochloric  acid  and  extracted  at  least 
20  times  with  ether,  the  extracted  liquor  (a)  being  then  treated  as 
described  below.  After  drying  over  calcium  chloride,  the  ethereal 
solution  is  evaporated,  when  a  pale  yellow  oil  is  obtained  which 
gradually  crystallises.  The  mass  is  left  in  contact  with  porous 
porcelain  until  free  from  oil,  washed  with  a  little  ether,  and  recrys- 
tallised  from  warm  water,  when  colourless,  glistening  crystiils  of 
hexamethylenetetracarboxylic  acid  separate,  which  melt  at  217 — 219° 
and  are  rather  sparingly  soluble  in  cold  water.  The  liquor  (a)  is 
evaporated  to  dryness,  the  residue  mixed  with  the  broken-up  porous 
porcelain  employed  in  the  above  purification  and  extracted  with  ether 
in  a  Soxhlet  apparatus  ;  the  extract  is  mixed  with  the  crude  hexa- 
methylenetetracarboxylic acid,  obtained  by  the  evaporation  of  the 
mother  liquors  from  the  purification  of  this  acid  and  heated  at  180°  until 
carbon  dioxide  ceases  to  be  evolved.  The  brown  syrup  thus  obtained 
is  digested  with  alcohol  and  sulphuric  acid  for  6  hours,  water  is  then 
added,  the  ester  extracted  with  ether  in  the  usual  way  and  fi*actionateiI 
under  reduced  pressure,  when  the  gi-eater  portion  distils  ai  160 — 190^ 
(25  mm.).  This  is  hydrolyseil  with  methyl-alcoholic  potash  and,  after 
completely  removing  the  alcohol  by  evaporation  with  water,  the 
acidified  product  is  extracted  10  times  with  ether.  The  ethereal 
solution  is  carefully  dried  over  calcium  chloride  and  evaporated,  and 
the  residue  digested  for  6  houx's  with  twice  its  volume  of  acetic 
anhydride  and  fractionated,  the  fraction  200 — 210°  (30  mm.)  being 
collected  separately.  The  oil,  which  consists  largely  of  the  anhydride 
of  cw-hexahydrowophthalic  acid  and  solidifies  partially  on  cooling, 
is  boiled  with  water  in  a  reflux  apparatus  until  dissolved,  the  solution 

*  The  formation  of  the  fi-aotious  (a  and  e)  shows  that,  in  the  couree  of  the  above 
reaction,  imieh  of  the  ethyl  propauetetraearboxylate  employed  must  have  been 
decomposed  into  formaldehyde  and  ethyl  malonate,  which  then  condensed  to  form 
ethyl  methylenemalouate  and  ethyl  pentanehexacarboxylate.  A  similar  behaviour 
has  been  observed  iu  other  synthetical  experiments  in  which  the  sodium  derivative 
of  ethyl  propauetetraearboxylate  has  been  employed. 
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is  then  made  strongly  alkaline  with  ammonia  and  heated  on  the  water- 
bath  with  an  excess  of  strong  calcium  chloride  solution  for  some  hours 
and  until  the  separation  of  the  crystalline  calcium  salt  of  the  cts-acid 
appears  to  be  complete.  After  collecting  at  the  pump  and  washing 
with  a  little  hot  water,  the  salt  is  dissolved  in  boiling  dilute  hydro- 
chloric acid,  from  which  solution  the  pure  c?s-acid  separates  as  a 
colourless,  glistening,  crystalline  mass  which  melts  at  162 — 163°. 

Action  of  Heat  on  Hexamethylenetetracarhoxylic  Acid.     Separaiion  of 
the  cis-  and  trama- Modifications  of  Uexahydroisophthalic  Acid. 

During  this  investigation,  about  1 00  grams  of  pure  hexamethylene- 
tetracarhoxylic acid  were  heated  at  208 — 210°  until  decomposition 
commenced,  the  temperature  was  then  allowed  to  fall  to  185°,  and  the 
heating  continued  until  the  evolution  of  carbon  dioxide  had  completely 
ceased.  The  residue,  which  crystallised  on  cooling,  was  dissolved  in 
water,  made  strongly  alkaline  with  ammonia,  and  heated  for  some 
hours  on  the  water-bath  with  strong  calcium  chloride  solution.  The 
crystalline  calcium  salt  of  the  cis-acid,  which  separated  in  quantity, 
was  collected  at  the  pump,  washed  with  water,  and  the  mother  liquors 
evaporated  to  a  small  bulk  and  again  filtered  from  a  further  crop  of 
crystals  of  the  calcium  salt,  this  operation  being  repeated  several  times 
in  order  to  separate  as  much  of  this  salt  as  possible. 

From  the  calcium  salt,  the  cj's-acid  is  readily  obtained  by  decomposi- 
tion with  hydrochloric  acid  and  recrystallisation  from  water.  The 
mother  liquor  of  the  calcium  salt  of  the  ci«-acid  is  acidified,  when 
a  large  quantity  of  a  crystalline  acid  separates,  which  is  collected 
at  the  pump  and  recrystallised  from  water,  and  in  this  way  hard, 
nearly  colourless,  crystalline  masses  may  be  obtained  which  consist 
of  pure  <ran«-hexahydroi«ophthalic  acid. 

0-1479  gave  0-3021  COj  and  0-0951  H^O.     C  =  55'7;  H  =  7'2. 
0-1345     „     0-2751  COj    „    00867  H^O.     C  =  55-8  j  H  =  7-l. 
CyHj,04  requires  C  =  56*8  ;  H  =  7'0  per  cent. 

irarw-Hexahydrowophthalic  acid  melts  at  148°,  is  readily  soluble  in 
hot  water  and  separates,  on  slowly  cooling,  in  small,  striated,  prismatic 
needles. 

When  its  solution  in  excess  of  ammonia  is  boiled  with  calcium 
chloride,  no  separation  of  a  calcium  salt  takes  place  oven  after  many 
hours. 

'J'he  m()tln!r  liquors  of  the  //-ayjs-acid  were  extracted  with  ether  and 
the  ethereal  solutiun  evaporated,  when  a  considerable  quantity  of  a 
cry»tallino  HubHtunco  was  obtained  wliich  separated  from  Ijydrochloric 
acid  in  nodular  inassou;  this  melted  at   118—121°  and   had  all  the 


THE  REDUCTION  OF  ISOPHTHALIC  ACID.      PART   II.  849 

propertie.s  of  the  substanca  previously  obtained  and  described  as  trans- 
hexahydroisophthalic  acid  (Parkin,  Trans.,  1891,  50,  814.  Compare 
Baeyer  and  Villiger,  Annalen,  1893,  276,  262).  It  is  stated  by  the 
first-named  author  that  a  strong  neutral  solution  of  this  acid,  on 
the  addition  of  calcium  chloride,  gives  no  precipitate  even  on  con- 
tinued boiling,  and  this  is  quite  true.  If,  however,  the  acid  is 
dissolved  in  a  little  water  made  strongly  alkaline  with  ammonia, 
and  heated  for  two  hours  on  the  water-bath  with  an  excess  of 
calcium  chloride,  a  quantity  of  the  calcium  salt  of  the  ei«-acid 
gradually  separates,  and  the  mother-liquor  from  this  deposit.s,  on 
acidifying,  crystals  which  melt  at  about  145°  and  consi.'^t  of  the 
almost  pure  trajis-acid. 

£qual  quantities  of  the  cis-  and  tran^-acids  were  then  weighed  out, 
mixed,  dissolved  in  a  little  hot  water,  and  then  allowed  to  crystallise 
slowly,  when  nodular  masses  separated  which  melted  at  120 — 122° 
and  had  all  the  properties  of  the  substance  which  was  formerly 
supposed  to  be  the  pure  /ran«-acid. 

Partial  Conversion  of  the  tr&nB-Aeid  into  cis- ffexaht/droisopfithalie 
Acid  bt/  means  of  Hydrochloric  Acid. — tran«- Uexahydrot«opbthalic  acid 
(1  gram)  was  heated  in  a  sealed  tube  with  hydrochloric  acid  (6  c.c.)  at 
170°  for  1  hour,  the  product  was  extracted  with  ether,  the  ethereal 
solution  evaporated,  and  the  colourless,  crystalline  residue  dissolved  in 
excess  of  dilute  ammonia  and  digested  with  calcium  chloride.  The 
sparingly  soluble  calcium  salt,  which  soon  separated,  was  collected, 
washed  with  warm  water,  and  dissolved  in  a  small  quantity  of  boiling 
hydrochloric  acid,  from  which  solution  the  pure  ci»-acid  separated  in 
colourless  needles  melting  at  161 — 162°. 

01205  gave  02462  CO,  and  00772  H,0.     C-55-7;  H  =  71. 
CgHjjO^  requires  C <=■  55  8  ;  H  =  70  per  cent. 

From  the  mother  liquors  of  the  calcium  salt,  a  small  quantity  of 
impure  trans-ducid  was  isolated,  so  that  it  seems  probable  that  the 
conversion  of  this  into  the  eis-acid  by  heating  with  hydrochloric  acid 
is  only  partial,  a  result  which  is  in  harmony  with  previous  observa- 
tions on  the  subject. 

Complete  Conversion  of  trsixiS'Hexdhydroisophthalic  Acid  into  the  cis- 
Modification  by  means  of  Acetyl  Chloride. — /ra7W-Hexahydroj>ophthalic 
acid  is  sparingly  soluble  in  acetyl  chloride,  but  dissolves  on  warming, 
and,  if  the  solution  is  heated  at  100°  for  one  hour  and  then  at  150°  for 
two  hours  and  evaporated  on  the  water-bath,  a  crystalline  residue  is 
obtained.  This  was  left  in  contact  with  porous  porcelain  until  quite 
dry  and  then  crystallised  from  a  mixture  of  benzene  and  light 
petroleum,  when  a  satiny  mass  of  crystals  was  obtained  which  melted 
at  188—189°. 
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0-1255  gave  0-2867  COg  and  0-0748  Up.     C  =  62-2;  H  =  6-6. 
CgHjoOa  requires  C  =  62-3  ;  H  =  6-5  per  cent. 

That  this  substance  was  the  anhydride  of  cis-hexahydroisophthaJic 
acid  was  proved  by  dissolving  it  in  boiling  water  and  concentrating 
the  solution,  when  the  pure  czVacid  (m.  p.  162 — 163°)  separated  on 
cooling.  This  transformation  of  the  ^ra?is-modification  into  the  m-f orm 
is  evidently  a  complete  one,  since  no  trace  of  trans-a^id  could  be 
detected  in  the  mother  liquors  of  the  c/s-anhydride. 


1  -Bromo-tr&ns-hexahydrolaophthalic  Acid. 

In  preparing  this  acid,  <raws-hexahydroisophthalic  acid  (3*5  grams) 
was  heated  in  a  tube  with  phosphorus  pentachloride  (6  grams)  in  the 
water-bath  until  the  decomposition  was  complete,  bromine  (3-3  grams) 
was  then  added  and  the  tube  sealed  and  heated  at  100°  for  two 
hours. 

The  product  was  mixed  with  twice  its  volume  of  formic  acid 
(sp.gr.  1*22°)  and  allowed  to  remain  for  two  days;  the  crystalline 
crust  which  had  formed  was  then  collected  and  recrystallised  from 
formic  acid. 

0-1628  gave  0-2280  COj  and  0-0633  HgO.     0  =  382;  H  =  4-3. 
0-2192     „     01662  AgBr.     Br  =  32-2. 

CgHi^O^Br  requires  C  =  382 ;  H  =  4-4  ;  Br  =  31  -9  per  cent. 

l-Bromo-tr&ns-hexahydroisophtkalic  acid  melts  at  about  210°  and 
separates  from  formic  acid  as  a  heavy  powder  which,  under  the 
microscope,  is  seen  to  consist  of  leafy  masses.  It  is  rather  sparingly  soluble 
in  dry  ether  or  cold  formic  acid,  very  sparingly  so  in  hot  benzene,  toluene, 
light  petroleum,  or  chloroform,  but  readily  so  in  alcohol  or  boiling 
formic  acid.  When  boiled  with  water,  it  dissolves  and,  if  the  solution 
is  rapidly  cooled,  a  large  amount  of  the  acid  crystallises  out  unchanged  ; 
if,  however,  the  solution  is  boiled  for  a  few  minutes,  the  acid  is 
completely  decomposed  with  elimination  of  hydrogen  bromide  and 
formation  of  a  solid  acid  which  appears  to  be  l-/ii/droxi/-ti'iXi\s-/^xa/t>/dro- 
iaop/ithalic  acid  (p.  851). 

Reduction. — In  order  to  bo  sure  that  no  molecular  change  had 
taken  place  during  bromination,  the  above  bromo-acid  was  dissolved 
in  glacial  acetic  acid  and  reduced,  iirst  at  the  ordinary  temperature 
and  then  at  100°,  with  a  large  excess  of  zinc  dust. 

The  product  was  mixed  with  hydrochloric  acid  and  distilled  in 
steam  until  the  acetic  acid  bod  been  removed ;  the  residue  in  the 
Kteam  distiliation  flask  was  then  extracted  several  times  with  ether, 
when,  on  evaporating  the  ethereal    solution,  a  solid    acid    remained, 
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which,  after  crystallisation    from    water,  melted    at    143 — 145°   and 
consisted  of  almost  pure  <ra7W-hexahydi*ot«ophthalic  acid. 

This  result  proves  conclusively  that  the  acid  obtained  by  the 
bromination  of  this  tran8-a,cid  under  the  conditions  described  above 
is  l-bromo-<ran«-hexahydroi«ophthalic  acid. 

Action  of  Alkalis  on  l-Bromo-trtLns-hexahydroiaophthalic  Acid. 
Formation  of  ^^-I'etraliydroi&ophtltalic  Acid,  l-Hj/droxy-irsms- 
hexahydroi&ophtlialie  Acid,  and  y-Ketohexahydrohenxoie  Acid. 

I.  Action  of  Caustic  Potath. — l-Bromo-fran»-hexahydro»sophthalic 
acid  dissolves  readily  in  caustic  potash,  and,  if  the  solution  is  boiled 
for  a  few  minutes  and  then  acidified,  a  sandy  crystalline  precipitate 
separates ;  this  melts,  after  recrystallisation,  at  242 — 244°  and  crys- 
tallises from  much  water  in  the  stars  with  jagged  edges  which  are  so 
chai-acteristic  of  A'-tetrahydrowophthalic  acid  (Trans.,  1905,  87,  307). 

01 618  gave  03360  COo  and  00880  H,0.     C  =  66-6  ;  H  =  6-0. 
OgHjuO^  requires  C  =  564 ;  H  =  59  per  cent. 

II.  Action  of  Sodium  Cai-bonate. — In  studying  this  action,  the  pure 
bromo-acid  was  dissolved  in  an  excess  of  dilute  sodium  carbonate  and 
heated  on  the  water-bath  for  5  hours,  the  solution  was  then  boiled  in 
a  reflux  apparatus  for  half  an  hour,  cooled,  acidified,  and  allowed  to 
stand  for  a  week.  A  small  quantity  of  a  very  sparingly  soluble  sub- 
stance gradually  separated  in  long,  slender  needles  ;  this  was  collected 
at  the  pump,  recrystallised  from  much  water,  and  found  to  consist 
of  A^-tetrahydroisophthalic  acid. 

The  filtrate  was  saturated  with  ammonium  sulphate,  extracted  five 
times  with  ether,  and  the  ethereal  solution  dried  over  calcium  chloride 
and  evaporated,  when  a  syrupy  residue  was  obtained  which  soon  com- 
pletely solidifietl.  In  order  to  sepai-ate  any  trace  of  A'-tetrahydroi«o- 
phtlialie  acid  which  might  still  be  present,  the  whole  was  dissolved  in 
a  little  water,  boiled  with  animal  charcoal,  and  evaporated  to  a 
small  bulk,  but,  even  after  standing  for  several  days,  only  a  trace  of 
a  crystalline  substance  separated.  The  solution  was  now  allowed  to 
concentrate  over  sulphuric  acid  in  an  exhausted  desiccator,  when  a 
hard,  crystalline  mass  gradually  formed ;  this  was  collected,  dried  at 
100°,  and  analysed. 

0-2451  gave  0-4623  COo  and  01380  H2O.     0  =  51*3;  H  =  6-3. 
CgHjoO^  requires  0  =  51*1;  H  =  6*4  per  cent. 

\-IIydroxi/-ira,us-hexahydrohophthalic  acid,  when  purified  in  the 
manner  described  above,  melts  at  about  1G0°  with  previous  softening, 
but  owing  to  the   difficulty  which  was  experienced   in  satisfactorily 
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recrystallising  the  acid,  this  melting  point  must  be  taken  as  only 
approximately  correct.  The  hydroxy-acid  is  very  soluble  in  water, 
and  its  solution,  after  neutralising  with  sodium  carbonate,  does  not 
decolorise  permanganate.  The  composition  of  this  acid  was  further 
confirmed  by  titration  with  iV/lO  caustic  soda,  when  it  was  found  that 
0105  gram  neutralised  0044  gram  NaOH,  whereas  this  amount  of  a 
dibasic  acid,  CgHijO-,  should  neutralise  0*045  gram  NaOH.  The  silver 
salt,  CgHjoAggOr,,  was  obtained  by  adding  a  solution  of  silver  nitrate 
to  a  neutral  solution  of  the  ammonium  salt  in  the  form  of  a  sparingly 
soluble  white  precipitate. 

01351  gave  0-0722  Ag.     Ag  =  53-5. 

CgHjoOjAgg  requires  Ag  =  53'7  per  cent. 

Baeyer  and  Tutein  {Ber.,  1889,  22,  2186),  who  first  obtained  1-hydr- 
oxyhexahydroi«ophthalic  acid,  state  that  it  crystallises  from  alcohol  in 
warty  masses,  but,  as  they  do  not  give  the  melting  point,  it  is  im- 
possible to  decide  whether  the  acid  which  they  prepared  is  identical 
with  that  described  above ;  it  seems  more  probable  from  the  method  of 
formation  that  it  was  a  mixture  of  the  cis-  and  ^ra?is-modifications. 

y-Ketohexahydrohenzoic  Acid. 

When  finely  powdered  l-hydroxy-<ra«»-hexahydi'o{sophthalic  acid  is 
warmed  with  concentrated  sulphuric  acid  at  40°,  it  dissolves  with 
evolution  of  carbon  monoxide  and  without  any  charring.  After  a  few 
minutes,  and  as  soon  as  the  evolution  of  gas  had  ceased,  the  solution 
was  poured  on  to  powdered  ice  and  extracted  several  times  with  ether. 

After  drying  over  calcium  chloride,  the  ethereal  solution  deposited 
an  oily  acid,  which  was  very  soluble  in  water  and  yielded  precipitates 
with  phenylhydrazine  and  semicarbazide.  In  order  to  chai'actei'ise 
the  acid,  it  was  dissolved  in  a  little  water  and  mixed  with  a  strong 
solution  of  hydroxylamine  hydrochloride,  when  the  oxime  gradually 
separated  as  a  sparingly  soluble  crystalline  powder. 

01817  gave  14-2  c.c.  nitrogen  at  17°  and  762  .mm.     N  =  91. 
CyHjjOgN  requires  N  =  8*9  per  cent. 

'I'he  oxime  of  yJcetohex<(hi/drobenzoic  acid  prepared  in  this  way  melted 
at  about  167 — 168°  with  decomposition,  whereas  liiveyer  and  Tutein 
{loe.  cit.,  p.  2183)  give  170"  as  the  molting  point  of  the  specimen  of 
thi«  oxime,  which  they  prepared  from  hydroxytotrahydroterephthalic 
acid  by  the  fU'liun  of  hydroxylamine  hydrochloride. 
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1  :  Z-Dibromo-tt&nfi-hexahydroisophlhalic  Acid  and  Dihydroisopkthalic 

Acid. 

The  above-mentioned  dibromo  acid  is  readily  prepared  by  heating 
<ra7ts-hexahydror«ophthalic  acid  (1'7  grams)  with  phosphorus  penta- 
chloride  (2*5  grams)  and  then  with  bromine  (3'5  grams)  in  a  sealed 
tube  at  100°  for  2  hours.  The  oily  product  is  poured  into  three  times 
its  volume  of  formic  acid  (sp.  gr.  122),  warmed  at  50°  until  decom- 
position is  complete,  and  allowed  to  stand  for  several  days,  when  a 
crystalline  crust  will  have  separated.  The  mother  liquor  is  decanted 
and  left  exposed  to  the  air  until  no  more  crystals  sepai-ate,  the  com- 
bined crops  of  crystals  are  then  purified  by  recrystallisation  from 
formic  acid. 

0-2590  gave  02949  AgBr.     Br  =  48-4. 

CgHjoO^Bro  requires  Br  =  48  5  per  cent. 

1  •.3'Dibromo-ii'&u?>-hejr<ihi/droisop/itfialic  acid  melts  at  about  181°  and 
is  readily  soluble  in  ether,  alcohol,  or  hot  formic  acid,  but  sparingly  so 
in  benzene  or  light  petroleum.  It  is  best  crystallised  from  glacial 
formic  acid,  from  which  it  sepai*ates  in  crusts  which,  under  the  micro- 
scoi)e,  are  seen  to  be  composetl  of  curious  oval  leaflets  ;  the  separation 
is,  however,  very  slow,  and  sometimes  takes  days  before  it  is  complete. 
The  dibromo-acid  is  sparingly  soluble  in  cold  water,  but  dissolves 
readily  on  warming  with  decomix)sition  and  elimination  of  hydi-ogen 
bromide,  and  if  the  solution  is  boiled  for  a  few  minutes  and  then 
evaporated  a  viscid,  syrupy  acid  remains  which  gradually  crystallises. 
This  acid,  which  is  quite  stable  to  permanganate,  is  probably  1  : 3-di- 
hydroxy-<ra/j6-hexahydrotsophthalic  acid,  but  it  was  not  obtained  in 
sufficient  quantity  for  purification  and  analysis. 

Action  of  Caustic  Potash. — When  the  pure  dibromo-acid  is  added 
to  a  large  excess  of  a  strong  solution  of  pure  caustic  potash  in  methyl 
alcohol,  a  vigorous  action  takes  place,  and  potassium  bromide  separates 
at  once  in  quantity.  After  heating  for  10  minutes  on  the  water-bath, 
the  product  was  mixed  with  water  and  boiled,  out  of  contact  with  air,* 
until  quite  free  from  methyl  alcohol ;  it  was  then  cooled  and  acidified, 
when  a  white,  crystalline  precipitate  separated,  which  closely  resembletl 
barium  sulphate.  This  was  collected,  washed  with  water,  dried  at  100^, 
and  analyse«l. 

01309  gave  02712  COo  and  00592  H.,0.     0  =  565;  H  =  50. 
01441     „     0-3003  COj    „    0-0643  HjO.     C  =  56-8 ;  H  =  4-9. 
CgHgO^  requires  C  =  57*1 ;  H  =  48  per  cent. 

*  It°  this  precautiou  is  not  taken,  oxidation  seems  to  take  place  and  isophthalic 
acid  is  formed. 
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This  dihT/dj'oisophthalic  acid  separates  from  acetic  acid,  in  which  it  is 
almost  insoluble  in  the  cold  and  not  readily  so  on  boiling,  as  a  crystal- 
line powder  which,  under  the  microscope,  has  no  characteristic  appear- 
ance. It  softens  somewhat  at  255°,  but  does  not  melt  at  270° ;  it 
therefore  appears  to  be  different  from  the  dihydroisophthalic  acid 
which  was  obtained  from  3  :  4-dibromohexahydroisophthalic  acid  by 
the  action  of  methyl-alcoholic  potash  (Trans.,  1905,87,  310),  since  this 
latter  acid  crystallised  in  stars  and  melted  completely  at  255°. 

A  small  quantity  of  the  dihydroisophthalic  acid  described  in  the 
present  paper  was  exposed  over  dry  bromine  for  3  days  and  then 
placed  in  an  exhausted  desiccator  over  powdered  potash  for  3  days. 
The  product  contained  bromine,  but,  after  crystallising  from  much 
glacial  formic  acid,  an  acid  was  obtained  which  was  free  from  bromine 
and  exhibited  all  the  properties  of  dihydroisophthalic  acid,  the  identity 
with  which  was  confirmed  by  analysis. 

0-1212  gave  0-2506  CO2  and  0-055  HgO.     0  =  565;  H  =  51. 
CgHgO^  requires  0  =  57-1 ;  H  =  4-8  per  cent. 

This  result  seems  to  show  that  this  dihydroisophthalic  acid  is  not 
capable  of  yielding  an  additive  product  when  it  is  exposed  to  dry 
bromine  vapour. 

Action  of  Bromine  on  cis- Ilexahydroiso^jht/uilic  Acid. 

During  the  course  of  these  experiments,  we  experienced  unexpected 
difficulties  in  obtaining  a  definite  product  of  bromination,  although  we 
employed  the  conditions  which  had  given  such  good  results  in  the  case 
of  the  lran8-iic'u\.  When  the  quantities  taken  were  exactly  those 
required  for  the  formation  of  the  monobronio-acid  and  the  product  was 
purified  by  repeated  crystallisation  from  formic  acid,  we  obtained 
crystalline  acids  melting  in  different  experiments  from  197°  to  204°, 
an<l  which  yielded,  on  analysis,  percentages  of  bromine  varying  from 
33-2  to  35-1,  whereas  the  formula  CyHjjO^Br  requires  31-9  per  cent, 
of  bromine.  A  satisfactory  result  was,  however,  at  last  obtained  in 
an  experiment  in  which  wo  employed  a  method  exactly  similar  to  that 
recommen<lo<l  by  Bacyer  {Annalcn,  1888,  245, 179)  for  the  preparation 
of  (I)  bromohexahydrotorophthalic  acid. 

ct«-Hoxabydrot«ophthaiic  acid  (6  grams)  was  digested  with  phos- 
phoniH  jMsntachlorido  (17  grams)  and  then  heated  with  bromine 
(6  gramw)  in  a  soalod  tube  at  100°  for  4  hours.  The  product  was 
mixed  with  iK>wdered  ice  and  left  for  2  days ;  the  sandy  precipitate 
whidi  liiid  wiparatod  was  collected  and  dissolved  in  750  c.c.  of  cold, 
very  dilute  sodium  carbonate.  The  solution  was  filtered  and  acidified, 
but,  a«  after  standing  for  2  days  nothing  had  separated,  the  whole 
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was  acidified,  saturated  with  ammonium  sulphate,  and  extracted 
several  times  with  ether.  Tlie  ethereal  solution  was  dried  over 
calcium  chloride  and  evaporated,  when  a  gummy  mass  was  obtained 
which  gradually  became  semi-solid  ;  on  warming  with  a  little  water, 
the  gummy  impurity  was  dissolved,  leaving  a  white,  crystalline  mass. 

This  was  collected  and  rapidly  recrystallised  from  hot  water,  in  which 
it  is  sparingly  soluble,  but  from  which  it  separate*!  an  a  scindy, 
crystalline  powder  melting  at  210". 

01 679  gave  02352  CO,  and  00688  H,0.     C  =  382;  H  =  4-5. 
01257     „     00940  AgBr.     Br  =  31-8. 

CgHjjO^Br  requires  C  =  38-2  ;  H  =  i'i ;  Br  =  318  per  cent. 

That  this  substance  is  bromo-irtius-fiexahydroisophthalie  acid  iras 
proved  by  the  fsict  tliat,  when  carefully  retluced  by  zinc  dust  and  acetic 
acid  under  the  conditions  described  on  p.  850,  it  was  quantitatively 
converted  into  fraris-hexahydrowophthalic  acid. 

It  follows,  therefore,  that,  at  some  stage  during  the  treatment  with 
phosphorus  pentachloride  and  bromine  at  100^,  transformation  of  the 
cis-  into  the  trans-modi^csiiion  must  have  taken  place. 

The  Schunck  Labokatokv, 

Thk  Victoria  Univekshy  of  Manchestkb. 


LXXXVIII. — The  Replacement  of  Hydroxyl  by  Bromine. 

By  William  Henry  Perkin,  jun.,  and  John  Lionel  Simonsen. 

The  methods  available  for  the  preparation  of  aliphatic  compounds  in 
which  several  atoms  of  Vtromine  are  combined  with  different  carbon 
atoms  are  few  in  number.  It  is  usually  assumed  that  a  substance 
containing  one  or  more  hydroxyl  groups  may  be  converted  into  the 
corresponding  bromo-derivatives  by  treatment  with  hydrobromic  acid, 
or  phosphorus  tri-  or  penta-bromide,  but  in  attempting  to  use  this 
method  in  the  preparation  of  bromo-derivatives  for  the  purpose  of 
ring  synthesis  unexpected  difficulties  were  encountered. 

The  hydroxy -groups  in  such  polybydric  alcohols  as  glycerol, 
erythritol,  mannitol,  kc,  are  usually  only  partially  replaced  by  bromine 
when  these  alcohols  are  treated  with  hydrobromic  acid,  and  if,  by 
employing  higher  temperatures  and  a  large  excess  of  the  halogen  acid, 
the  attempt  is  made  to  complete  the  substitution,  decomposition 
usually  takes  place  with  much  charring,  and  the  yield  obtained  is  con- 
sequently very  small.     The  same  remarks  apply  to  the  use  of   the 
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bromides  of  phosphorus  in  such  cases,  the  results  obtained  by  the 
action  of  these  reagents  on  the  polyhydric  alcohols  being  frequently  most 
unsatisfactory.*  In  investigating  this  matter,  we  found  that  a  great 
improvement  is  achieved  if  the  alcohol  is  first  converted  into  the 
acetate  and  the  latter  is  then  heated  with  a  solution  of  hydrogen 
bromide  in  glacial  acetic  acid  (saturated  at  0°)  at  about  150°. 

By  this  process,  which  may  be  represented  in  a  general  way  thus : 

R-O-C^HgO  +  HBr  =  RBr  +  HO-CjHgO, 

the  whole  of  the  hydroxyl  groups  may  usually  be  substituted  by 
bromine,  and  the  reaction  proceeds  smoothly  without  any  separation 
of  carbonaceous  matter,  consequently  a  good  yield  is  obtained  and  the 
product  is  easily  purified.  We  have  investigated  the  following  cases, 
which  may  serve  to  illustrate  this  process  : 

I.  Glycol  diacetate  is  converted  quantitatively  into  ethylene 
dibromide,  when  it  is  heated  with  acetic-hydrobromic  acid  at  150°. 

II.  Glycerol  triacetate  (triacetin)  is  readily  acted  on  by  acetic- 
hydrobromic  acid  at  150°,  and  an  almost  quantitative  yield  of  s-tribrono- 
propane,  CHgBr'CHBr'CHgBr,  is  obtained. 

The  behaviour  of  triacetin,  when  treated  with  a  solution  of  hydrogen 
bromide  in  acetic  acid,  has  lately  also  been  investigated  by  R.  do  la  Acena 
{Compt.  rend.,  1904,  139,  867),  who  found  that  at  0°  and  in  the  dark  a 
monobromodiacetin  is  produced,  whereas  at  100°  two  acetyl  groups  are 
displaced  with  formation  of  a  dibromomonacetin. 

III.  Erythritol  tetracetate  reacts  readily  with  acetic-hydrobromic  acid 
at  150°,  yielding  6-trAns-tetrabro7nobuta7ie,  CH^Br'OHBr-CHBr-CH.^Br 
(m.  p.  118°),  and  two  oily  substances  which  boil  at  122 — 127° 
(26  mm.)  and  164—165°  (27  mm.),  and  which  appear  to  consist  of 
H-cis-tetrabrumobutane  and  erythritol  tribromohydrine,  C^HjjBr^'OH, 
respectively. 

«-Tetrabromobutane  had  previously  been  prepared  from  erythritol 
by  the  action  of  phosphorus  pentabromide  (Colson,  Bull.  Soc.  Chim., 
1887,  48,  53),   as  well  as  by  tlie  folloAving  interesting  indirect  process. 

When  erythritol  is  heated  with  formic  acid  (Heuninger,  Ana.  Chim. 

•  The  action  of  liydrobromic  acid  on  glycerol  docs  not  appear  to  have  been  in. 
▼eHtigated,  but,  when  treatt:d  with  pboHi)horu.s  pontabroniido,  glycerol  yields  di- 
bromohydrin,  CH,nfCH(01I)T!H.jBr  (Asdmn,  Jicr.,  1888,  21,  2890).  When 
erythritol  n-actw  with  aiiuoouH  hydro1)roiiii(;  ncid,  it  yieblH  a  dibroniohydrin, 
C\H,Hr,^(On)j,  and  CoIhdu  {/hill,  Soc.  Chim.,  1887,48,  T'lO  found  that  s.-trnm- 
tctrabroinobuUmo,  (•HjHr'CllHr./CIIIlr't'II.^IJr,  i,s  produced  in  very  small  iiuantity 
whfn  erythritol  in  tn-atcd  with  phoH])h(>niH  ponUibroinidc.  Tho  action  of  hydro- 
broniic  arid  r)u  mannitol  Iibh  been  invcHtigated  by  Ciuimpion  {ZeUschrlft,  1871,  348) 
and  Bouchardat  {Ann.  Chim.  J'hijs.,  1876,  [v],  6,  102),  who  showed  that,  when 
heated  with  a  Mituratcd  aqucouH  Holntion  of  liydr();,'<!n  bromide  at  100°,  it  i«  con- 
vert«Kl  into  a  niaunitoldibromohydrin,  CeH,lira(0H)4. 
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Vhys.,  1886,  [vi],  7,  216),  it  yields  eryUireue,  CH.ICH-CHICH^,  a 
hydrocarbon  which  has  also  been  prepared  by  passing  the  vajwur  of 
fusel  oil  through  a  red-hot  tube  (Caventou,  AnnaUn,  1863,  127,  93), 
and  by  distilling  tvimethylpyrrolidylammonium  iodide  with  caustic 
potash  (Ciamician,  Magnaghi,  Ber.,  1886,  19,  570,  and  1887,  20,  3064). 
Erythrene  combines  readily  with  bromine,  yielding  a  mixture  of  two 
isomeric  tetraln-omides,  C^HgHr^,  which  melt  respectively  at  118°  and 
3t)°.  The  former  is  identical  with  the  tetraljromobutane,  which  we 
obtained  from  erythritol  tetracetate  in  the  manner  just  described. 
CJrimaux  and  Cloez  {Bull.  Soc.  Chtin.,  1887,  48,  32)  have  shown  that 
this  substance  distils  at  about  260 — 270°,  and  is,  at  the  sa:ue  time, 
partially  converted  iuto  the  isomeric  teti-abromide  melting  at  39°,  and 
in  order  to  account  for  this  they  assume  that  change  in  constitution 
had  taken  place  during  distillation,  and  that  the  *-tetrabromobutane 
had  been  converted  into  a  tetrabromo-conn)ound  of  the  formula 
CHa'CBr^'CBr^'CHg.  This  view  can  hardly  be  accepted  as  correct, 
and  it  is  much  more  probable  that  the  two  tetrabi-omides  are  cis-  and 
^/•ana-modifications  : 

Br-(j3H-CHjBr  Br-CU^(jJ-Br 

Br-CHCHaBr  *"  Br-CH-CHj-Br 

cis.  Iniiis. 

and  the  bromide  melting  at  39°  is  probably  the  ciVmodification,  since 
it  is  produced  from  the  less  fusible  ((ra}w-)moditication  by  the  action 
of  heat.  Ciamician  seems  to  have  held  a  similar  view  of  the  isomerism 
of  these  tetrabromo-com pounds,  since  he  suggested  in  1887  (Ber.,  20, 
3064)  that  their  relationship  may  be  of  the  same  kind  as  that  of  the 
inactive  modifications  of  dibromosuccinic  and  tartaric  acids. 

The  constitution  of  erythrene,  CH.^!CH*CH!CH^,  is  proved  Ijeyond 
doubt,  not  only  by  its  method  of  formation  fi-om  erythritol,  but  also 
by  the  fact  that  it  yields  &•  tetrabromobutane  when  treated  with 
bromine.  This  hydrocarbon  contains  the  grouping  -C!C*CIC-,  and  its 
behaviour  towards  bromine  seems  therefore  to  make  it  an  exception  to 
the  generalisation  of  Thiele  {Aii7uden,  1898,  306,  87  ;  1901,  319, 
129). 

IV.  The  tetracetate  of  pe titer ythriiol,  C(CH./0-CjH30)^,  yielded 
interesting  results,  since,  when  heated  with  acetic-hydrobromic  acid  at 
160°,  it  was  converted  into  s-tetralyroinotetrani€th>/l methane,  C(CH.,Br)^, 
but  the  principal  product  of  the  reaction  was  tribromotrimethf/lcarbint/l 
acetate,  (CH.,Br)3C*CH2*0*CoH30,  one  of  the  acetyl  groups  having 
escaped  replacement  by  bromine. 

V.  In  the  case  of  iiumnitol  liexacetate,  it  was  found  impossible  to 
replace  more  than  five  of  the  acetyl  groups  by  bromine,  and  the 
product  of  the  reaction  is  pentahromo}i>exijl  acetate,  C^^T.^{0'Q^Vi fi), 
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a  crystalline  substance  which  melts  at  139°.  It  is  remarkable  with 
what  tenacity  one  of  the  acetyl  groups  remains,  not  only  in  this  case,  but 
also  in  the  case  just  mentioned  of  the  tetracetate  of  pentaerythritol. 

We  have  also  attempted  to  apply  the  method  described  above  to  the 
case  of  aromatic  substances,  but  without  success. 

When  phenyl  acetate,  C^H^'O'C^HgO,  for  ex-imple,  was  heated  with 
acetic-hydrobromic  acid,  profound  decomposition  set  in  with  much 
charring,  and  no  trace  of  bromobenzene  could  be  isolated  from  the 
product.  These  negative  results  led  us  to  investigate  the  action  of 
phosphorus  pentabromide  at  the  ordinary  temperature  on  the  trihydric 
phenols,  pyrogallol  and  phloroglucinol,  but  no  substitution  of  hydroxyl 
by  bromine  could  be  observed.  When  the  reaction  was  carried  out  in 
the  presence  of  an  indifferent  solvent,  such  as  benzene,  pyrogallol 
yielded  a  dibroniopyrogallol  of  the  probable  formula : 

OH 
Br/^NOH 

Br 

which  had  not  previously  been  prepared.  It  melts  at  150°  and  yields  a 
triaceti/l  derivative,  C^HBr2(0'C2HgO)3,  melting  at  143°. 

Phloroglucinol,  under  similar  conditions,  is  converted  into  tribromo- 
phloroglucinol : 

OH 

Brr^Nfir 
Oul^y'oH  ' 
Br 

wh'ch  had  previously  been  obtained  by  bromiuatiug  phloroglucinol 
in  acetic  acid  solution  (Herzig,  Monatsh.,  1885,  6,  885). 

That  phosphorus  pentabromide  should  exert  such  a  pronounced 
bromiuating  action  at  the  ordinary  temperature  and  'n  the  presence  of 
an  indifferent  solvent  seem:  remarkable. 

H-Tribromojfropane  (Tribromohydrin),  CHjHr'CH Br'CH^Br. 

Wh-  u  glycerol  is  digested  with  acetic  anhydride,  it  is  readily  con- 
verted into  diacetin,  but  even  when  a  large  excess  of  the  anhydride  is 
employed  very  little  triacotin  is  produced  (Seolig,  lie?:,  1891,  24, 
3407  j  Oeitel,  J.  jrr.  Chem.,  1898,  [iij,  57,  117).  Wo  have  found  that 
the  following  method  may  conveniently  be  used  in  projjaring  pure 
triacotin  ((•om])arc  Krwig  and  Koenigs,  /i«r.,  1889,  22,  1404). 

GMycorol  {20  grums)  is  digested  for  one  hour  with  acetic  anhydride 
(100  grauMi)  and  ziuc  ubloridu  (1  gram),  the  product  is  mixed  with 
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ether,  rapidly  washed  with  water,  dried  over  calcium  chloride,  and 
fractionated.  Almost  the  whole  quantity  distils  at  2b8 — 259"  (760  mm.) 
and  consists  of  pure  triacetin,  since  a  second  treatment  with  acetic 
anhydride  and  zinc  chloride  does  not  alter  the  projjerties  of  the  sub- 
stance. Triacetin  (5  grams)  was  now  mixed  with  the  solution  of 
hydrogen  bromide  in  acetic  acid  (28  grams)  and  heated  in  a  sealed 
tube  for  10  hours  at  150 — 160^,  the  product  was  then  poured  into 
water  and  distilled  in  steam.  The  volatile  oil  wajs  extracted  with 
ether,  the  ethereal  solution  di*ied  over  calcium  chloride  and  eva[K)rated, 
when  almost  the  whole  quantity  distilleil  at  217 — 219^(738  mm.)  as 
a  colourless  oil  which  soliditied  in  a  fi-eezing  mixture  and  consisted  of 
pure  &-tribruiuopropane. 

02015  gave  0  4071  AgBr.     Br  =  85  7. 

CgH-Brgretiuires  Br  =  85  8  per  cent. 

The  method  just  described  yields  a  very  pure  prmluct,  but  it  is,  of 
course,  much  too  laborious  to  serve  as  a  means  of  preparation,  and  as 
we  required  considerable  quautilies  of  ti'ibr^mopropaue  for  future 
exi)eriment6,  we  worked  out  the  following  convenient  method  for  the 
preparation  of  this  substance.  AUyl  bi-omide  (100  grams)  is  dissolved 
in  an  equal  volume  of  chloroform  and,  after  cooling  in  a  mixluie  of  ice 
and  salt,  a  solution  of  bromine  (44  c.c.)  in  an  equal  volume  of  chloroform 
is  slowly  added,  care  being  taken  to  keep  the  temperature  below  -  5° 
during  the  opeiation.  The  chloroform  is  then  distilled  off  and  the 
tribromopropane  puiitied  by  distillation  under  reduced  pressure. 

8-:Z'e</a6ro//to6u<a/i€,  CHgBr-CHBr-CHBr-CHjBr. 

Erythritol  is  readily  converted  into  its  tetracetate  when  it  is 
digested  for  a  few  minutes  with  acetic  anhydride  and  a  small  piece  of 
zinc  chloride ;  on  pouring  the  product  into  water,  the  tetracetate 
sepai'ates  as  a  crystalline  mass  which,  after  crystallisation  from  acetic 
acid,  melts  at  89*^.  This  tetracetate  (20  grams)  was  heated  in  sealed 
tubes  with  the  solution  of  hydrogen  bromide  in  acetic  acid  (100  gi-ams) 
for  10  hours  at  160 — 170'^,  the  contents  of  the  tub&«,  whica  contained 
only  very  small  quantities  of  carbonaceous  matter,  were  diluted  with 
water  and  distilled  in  steam,  when  a  colourless  oil  condensed  which 
rapidly  became  semi-solid.  The  mass  was  collected  at  the  pump, 
washed  with  water,  and  left  in  contact  with  porous  porcelain  until 
quite  free  fix)m  oil  ]  it  was  then  crystallised  from  glacial  acetic  acid. 

The  crystalline  mass,  which  was  obtained  in  a  yield  of  15  grams, 
melted  at  118 — 119°,  and  consisted  of  s-trans-<e<Af6romo6u<art«,  as  the 
following  analysis  shows  : 

0-1408  gave  0-2815  AgBr.     Br  =  85  1. 

C^HgBr^  requires  Br  =  85*5  per  cent. 

3  M   2 
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A  considerable  quantity  of  this  tetrabromo-conn^ound  was  submitted 
to  distillation  under  reduced  pressure,  when  it  was  found  that  almost 
the  whole  passed  over  at  130 — 135"  (30  mm.)  with  scarcely  any  decom- 
position. No  transformation  of  the  trans-  into  the  cis-moditication 
had  taken  place  during  distillation  (compare  p.  857),  as  was  shown 
by  the  fact  that  the  product,  when  fractionally  crystallised  from 
light  petroleum,  yielded  nothing  but  the  tetrabromo-compound  melting 
at  118—119°. 

When  the  aqueous  liquors  from  the  distillation  in  steam  (see  above) 
were  extracted  with  ether,  a  considerable  quantity  of  a  viscid  oil  was 
obtained  ;  this  was  added  to  the  ethereal  extract  of  the  porous  j)orcelain 
used  in  the  purification  of  the  crude  tetrabromobutane  and  fractionated 
under  reduced  pressure.  It  was  thus  separated  into  a  heavy,  mobile 
oil  boiling  at  122 — 127"  (26  mm.),  and  a  viscid,  syrupy  substance  which 
distilled  at  164—165°  (27  mm.). 

The  former  evidently  consisted,  for  the  most  part,  of  the  cis- 
modification  of  tetrabromobutane,  although  the  analytical  numbers 
(Br-=83'6  instead  of  85'5)  were  not  very  satisfactory.  The  oil 
boiling  at  164 — 165°  (27  mm.)  is  probably  the  tribromohydrin  of 
erythritol ;  but  we  were  not  successful  in  obtaining  it  in  a  state  of 
purity. 

0-1473  gave  0-0784  OOg  and  0-0266  K^O.     0=145  ;  H  =  2-0. 
0-2445  gave  0-4544  AgBr.     Br  =  790. 

C^H^OBrg  requires  C  =  15-4  ;  li  =  2-2  ;  Br  -  771  per  cent. 

h-l^elrah'omoteiramethylviethane,    QiQf^,^v)^,    and     IVibromotriinethyl- 
carhinyl  acetate,  (CH2Br)3C-CHo-0-C2H30. 

Tlie  penterythritol  employed  in  these  experiments  was  prepared  by 
the  condensation  of  formaldehyde  with  acetaldehyde  in  the  presence  of 
milk  of  lime  exactly  according  to  the  instructions  of  Tollens  and 
Wigand  {Anmden,  1891,  265,  319).*  In  order  to  obtain  the  tetr- 
acetyl  derivative,  the  alcohol  (20  grams)  was  digested  with  acetic 
anliydride  (75  grams)  and  a  small  piece  of  zinc  chloride,  when  a  vigorous 
reaction  set  in  and,  after  boiling  for  two  hours,  the  product  wa^  cooled 
and  shaken  with  throe  times  its  volume  of  water. 

Tlio  tetracetate,  which  separated  in  voluminous  needles,  is  in  this 
form  Hufliciently  pure  for  the  experiments  described  iu  this  paper  j  it 
■cryHtallisoH  readily  from  alcohol  in  glistening  needles  and  melts  at 
84—86".  Tollens  and  Wigand  {loc.  oil.,  p.  327),  who  preptired  the 
Huine  acetate  from  penterythritol  by  the  action  of  sodium  acetate  and 
acetate  anhydride,  give  the  same  molting  point,  and  they  proved  by  a 

•  Wc  arc  imicli  indoblcd  to  I'rof.  W.  .1.  I'oim  for  u  largo  MUiii)ly  ol'  thiK  valuable 
tuat«ikl. 
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direct  determination  of  the  .acetyl  gi*oups  that  the  substance  is  tetr- 
acetyl[)enterythritol.  In  investigating  the  behiiviour  of  this  substance 
towards  hydrogen  bromide,  it  was  heated,  in  quantities  of  5  gmms, 
with  the  solution  of  hydrogen  bromide  in  acetic  acid  (50  gr-ims),  in 
which  it  readily  dissolves,  in  a  sealed  tube  at  160^  for  8  hours. 

Very  little  discoloration  ha<l  taken  place  and  the  tube  was  tilled 
with  crystals  ;  after  pouring  into  water,  the  mass  was  collected  at  the 
pump,  washed  with  water,  and  crystallised  from  glacial  acetic  acid, 
from  which  s  tetrahromotetramethijlniethaiie  separated  in  glistening,  l»^afy 
masses. 


0-2062  gave  0-3998  AgBr.     Br  =  82-6. 

C^H^Br^  requires  Br  «  82-5 


per  cent. 


This  interesting  substance  had  already  been  obtained  by  Rave  and 
Tollens  {Annaleii,  1893,  276,  61)  by  the  action  -of  phosphorus  tri- 
bromide  on  penterythritol,  and  these  authors  state  that  it  melts  at 
154 — 156^;  but,  after  repoate<i  recrystallisation  from  acetic  acid,  we 
found  that  the  correc-t  melting  point  was  158^  One  of  the  mast 
characteristic  properties  of  the  tetrabromide  is  the  fact  that  it  is  very 
sparingly  soluble  in  the  usual  solvents  ;  it  is,  however,  moderately 
soluble  in  boiling  toluene  or  glacial  acetic  acid.* 

The  acetic  acid  mother  liquors  from  the  purification  of  the  tetra- 
bromide yield,  on  dilution  with  water,  an  oil  which  soon  becomes  semi- 
solid, and  if  this  is  left  in  contact  with  porous  poi'celain  until  the  oily 
impurity  is  absorbed,  a  colourless  mass  remains  which,  on  crystallisa- 
tion from  light  petroleum,  is  readily  sepai'ated  into  small  quantities 
of  tttrabromoteti*amethylmethane  and  into  tribnytnotrimethylcarhinyl 
acetate.  After  repeated  crystallisation  from  light  }ietroleum  (b.  p. 
60 — 70°)  this  latter  substance  yielded  the  following  results  on  analysis  : 

0  1922  gave  01568  COj  and  0-0519  H.,0.    C  =  223  ;  H  =  30. 
0-1748     „     0-2689  AgBr.     Br=65-4."" 
01638     „      0-2522  AgBr.     Br-65'5. 

C^Hi^OjBrg  requires  C  =  228  ;  H  =  30  ;  Br  =  654  per  cent. 

Trih'omotrimethylcarhinyl  acetate  sf  parates  in  large,  glistening  prisms 

*  A  munber  of  experimeuts  ou  the  action  of  s-/«»»«-tetrabromotetraraethyl- 
incthane  on  the  sodium  derivatives  of  ethyl  malouate,  cyanoacetate,  kc,  were 
instituted,  as  very  interesting  results  might  be  expected  from  the  study  of  such 
reactions.  The  decomposition  was,  however,  in  each  case  most  incomplete,  and 
detinite  products  could  not  be  obtained  in  suthcient  quantity  for  investigation. 
These  negative  results  seem  to  be  due  partly  to  the  fact  that  s-totrabromoteti-a- 
meth3'lmethane  is  very  s|>aringly  soluble  and  partly  to  its  unexpectedly  stable  nature. 

The  leactions  were  carried  out  in  the  presence  of  various  solvents,  but,  even  when 
a  large  excess  of  the  sodium  derivative  was  employed,  much  of  the  tetrabioniotetra- 
methylmethaue  was  always  recovered  from  the  product  of  the  reaction. 


862  PERKTN   AND   STMONSEN  : 

resembling  sugar  crystals  when  its  solution  in  light  petroleum  is 
allowed  to  slowly  evaporate  in  the  air.  It  melts  at  44 — 45°,  and, 
unlike  tetrabromotetr.^methylmethane,  is  readi'y  soluble  in  most 
organic  solvents. 

PenUibromohexy^  Acetate,  CgH3Br5(0*CoH30). 

The  mnnnitol  hexacetate  required  in  these  experiments  was  pre- 
pared by  heating  mannitol  (20  grams)  with  acetic  anhydride  (100 
grams)  and  zinc  chloride  (1  gram)  in  a  reflux  apparatus  for  one 
hour. 

On  pouring  the  cold  product  into  water,  the  hexacetate  was  pre- 
cipitated as  a  crystalline  solid  and  purified  by  recrystallisation  from 
acetic  acid,  from  which  it  separated  in  colourless  needles  of  melting 
point  121 — 122°.  In  investigating  the  action  of  hydrogen  bromide,  the 
acetate  (4  grams)  was  mixed  with  the  saturated  solution  of  hydrogen 
bromide  in  acetic  acid  (28  grams)  and  heated  in  a  sealed  tube  in  boil- 
ing water  for  one  day  and  then  for  10  hours  at  130 — 140°. 

The  product,  which  contained  only  a  trace  of  carbonaceous  matter, 
was  poured  into  much  water,  when  a  heavy  oil  separated  ;  this  was  ex- 
tracted with  ether,  the  ethereal  solution  washed  with  water  and  then 
with  sodium  carbonate,  dried  over  calcium  chloride,  evaporated,  and  the 
residue  repeatedly  extracted  with  boiling  light  peti'oleum. 

After  filtering  and  ev'aporating,  a  pale  yellow  oil  was  obtained  which, 
over  sulphuric  acid  in  an  exhausted  desiccator,  gradually  became  semi- 
solid and,  in  contact  with  porous  porcelain,  the  oily  impurity  was  soon 
removed,  leaving  an  almost  colourless  mass  of  crystals.  From  light 
petroleum,  the  substance  separates  in  stars  and,  aft^r  twice  recrystallis- 
ing,  the  following  results  were  obtained  on  analysis  : 

01 829  gave  01213  CO.^  and  Qm  328  HoO.     C  =  18-0  ;  11  -  2  0. 
0-1611     „     0-2806  AgBr.     Br  =  74-1." 
01864     „     0-3262  AgBr.     Br  =  74-4. 

CgH^Br^O,  requires  C  =  178  ;  H  =>  2'0  ;  Ih-  =  742  per  cent. 

Pentahromohexyl  acetate  melts  at  138 — 139°. 

Several  attempts  wore  made  to  convert  this  substance  into  ho.xa- 
broniohoxano,  Cir^nr((MIHr),Cll.2Hr,  by  tiie  removal  of  the  remaining 
acetyl  group,  but  without  success.  In  one  experiment,  the  pentabromo- 
rompound  was  heated  with  a  very  largo  excess  of  the  solution  of 
hydrogen  bromide  in  acetic  acid  at  150 — 160"  for  8  hours.  The  dear, 
pale  yellow  solution  was  pom-od  into  water,  when  a  solid,  crystalline 
siib.Htance  separated,  wliicli  ww^   found    to   be    iinchuiiircd    pfutabromo- 
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Dibromojjj^rogallol,  C,lIBr^(OH)j. 

This  substance  is  produced  when  pyrogallol  (14  grams)  is  suspended 
in  benzene  (250  c.e.)  and  allowe<l  to  react,  at  the  ordinary  temperature, 
with  phosphorus  jientabromide  (100  grams).  Hydrogen  bromide  is 
evolved  in  quantity  and,  if  after  24  hours  the  whole  is  shaken  with 
water,  a  white  solid  separates.  This  is  collected  at  the  pump,  mixed 
with  a  small  quantity  of  the  same  substance  which  is  obtained  by 
evaporating  the  benzene  solution,  and  the  whole  purified  by  recrystaUis- 
ation  from  water. 

0-2503  gave  02344  COj  and  00359  H^O.     C  -  255  ;  H  =  1  6. 
01554     „     0-2'''57  AgBr.     Br- 56-3. 

CjH^OjBr^  requires  C  =  25-3  ;  H  =  1  4 ;  Br  -  56  3  per  cent. 

Dih'omopijrogaVol  does  not  api^ear  to  have  been  previously  prepared. 
It  is  a  colourless,  crystalline  .substance  whii-h  melts  at  150"^  and  \» 
re  idily  soluble  in  hot  water  or  alcohol,  but  only  sparingly  so  in  benzene 
or  light  jietroleura.  It  dissolves  i*eadily  in  caxxstic  alkalis,  yielding 
solutions  which  i-apidly  become  brown  in  contact  with  the  air. 

TriacetyldihroiiiopyrQijallol,  C^HBi.j(0*0^H^0)3. — This  acetyl  com- 
pound is  readily  obtained  by  digesting  dibromopyrogallol  (3  grams)  for 
one  hour  with  ace'ic  anhydride  (20  grams)  and  a  small  piece  of  zinc 
chloride.  The  cold  product  is  mixed  with  water,  the  solid  which 
separates  collected  on  the  pump  and  purified  by  recrystallisation  from 
acetic  acid. 

01 726  gave  02226  CO^  and  00401  H^O.     C  =  35-l  ;  H  =  2-4. 
0-1931     „     01791  AgBr.     Br  =  394. 

Cj  JIiyO^Br.^  requires  C  =  35-1  ;  H  =  25  ;  Br  =  390  per  cent. 

Triacetyldihromopyrogallol  separ.ites  from  acetic  acid  in  glistening 
plates  and  melts  at  143°. 

Tribro7nophlorogIucinoi,  CgBr3(OH)3. 

The  phloroglucinol  used  in  these  experiments  was  first  dried  at 
110 — 120°,  in  order  to  remove  the  water  of  crystalli&vtion,  and  the 
anhydrous  substance  (14  grams)  suspended  in  benzene  was  mixed  with 
phosphorus  pentabromide  (100  grams)  and  allowed  to  stand  at  the 
ordinai-y  temperature  for  24  hours.  The  mixture  was  poured  into 
water,  and  the  solid  which  separated  collected  at  the  pump  and  purified 
by  recx-ystallisation  from  water.  The  brownish  needles  thus  obtained 
contained  water  of  crystallis.ition,  which  was  removed  by  drying  at 
100 — 110^.  The  anhydrous  substance  melted  at  149 — 150°,  and  gave 
the  following  res>lts  on  analysis  : 
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01912  gave  0-1396  CO2  and  0-0202  H^O.     C  =  199;  H=M. 
CgHgOgBrg  requires  0  =  199;  H  =  0-8  per  cent. 

There  can  be  no  doubt  that  this  substance  is  frihromophloroglucinol, 
since  the  triaoetyl  compound,  prepared  by  means  of  acetic  anhydride 
and  zinc  chloride,  melted  at  180 — 183°,  whereas  Herzig  (Monatsh., 
1885,  6,  887)  gives  tlie  melting  point  of  this  substance  as  181—183°. 

The  Schunck  Laboratory, 
The  Victoria  Universmy  of  Manchester, 


LXXXIX. — The  Ethereal  Salts  and  Amide  ofDimethoxy- 
propionic  Acid  derived  from  d- Glyceric  Acid. 

By  Pebcy  Faraday  Frankland  and  Norman  Leslie  Gebhard,  M.Sc. 

In  a  number  of  previous  communications  by  one  of  us  it  has  been 
shown  how  the  optical  activity  of  (Z-glyceric  acid  is  affected  by  the 
substitution  of : 

(1)  Its  carboxylic  hydrogen  by  methyl,  ethyl,  propyl,  butyl,  itc. 
(ethereal  salts  of  tZ-glyceric  acid). 

(2)  The  two  hydroxylic  hydrogen  atoms  in  the  above  ethereal  salts 
by  the  acetyl,  propionyl,  benzoyl,  toluyl,  phenacetyl,  and  chloro- 
acetyl  radicles  (ethereal  salts  of  diacidyl  glyceric  acids). 

(3)  The  carboxylic  hydroxyl  by  the  araido-,  anilido-,  etc.,  gi'oups 
(amide,  anilide,  <fec.,  of  d-glyceric  acid). 

The  present  communication  deals  with  the  effect  on  rotation  of  the 
substitution  by  two  methyl  groups  of  the  two  hydroxylic  hydrogen 
atomM  in  the  ethereal  salts  of  d-glyceric  acid  (ethereal  salts  of 
dimethoxypropionic  acid),  together  with  an  account  of  the  amide  and 
methylamide  of  dimothoxypi'opionic  acid. 

Those  substitutions  were  effected  l)y  taking  advantage  of  the  elegant 
method  of  alkylation  discovered  and  elaborated  by  Purdio  and  his 
pupils  (Trans.,  1899,  76,  163  and  483),  in  which  the  ester  of  the 
hydroxy-acid  is  jvctod  upon  by  alkyl  iodide  in  the  presence  of  silver 
oxide.  This  reaction  is  of  the  very  ga-eatest  value  in  alkylating 
optically  active  hydroxy-acids,  inasmuch  as  it  has  been  shown  by  these 
investigators  that  no  racotnisation  takes  place  in  the  pi'ocoss. 

By  the  alkylation  of  th(t  ethereal  salts  of  r/-glyc(M-ic  a(,'id,  the  optical 
activity  (licvorotation)  is  in  all  cases  greatly  increased  without  change 
of    sign,   and    this   increase    effected    l)y    alkylation    is   much    more 
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pronounced  than  that  effected  by  the  corresponding  process  of  acetyla- 
tion,  thus  : 

Molecular  Rotation,  [M]lf. 


Methyl    -S^lt" 

Ethyl  12-30 

Proj.yl 19-16 

/sol'ropyl    17'49 

•  Butyl   21-87 

/.voButyl  23-06 

v(r..Aiiiyl  (butylmethyl).  24-85 

,/  lleptvl 23-05 

,/-Octvl    '  22-28 


Glycerate. 


Increase  in 
rotation      Diaeetyl- 
due  to       f^lycprat**. 
acetylatioQ  , 


18-80' 
23-26 
26  02 
24-20 

27-33 
25-69 
24-84 

2r.-64 


•24-56° 
35-r.6 
45-17 
41-69 

50  38 
50  54 
47-89 
47-92 


Increase  in 
rotation    i        Di- 
duc  to     I  methoxy- 
niethyl-    j  propionate. 
I     ation. 


98  0° 
102-1 
103-3 

102-8 


104-8 
103-3 


-  103-8° 
114-4 
1-2-2-5 

1*24-2 


127  9 

125  6 


From  the  al)ove  it  will  be  seen  that,  both  in  the  case  of  aoetylation 
and  of  alkylation,  the  increase  in  molecular  rotation  is  remarkably 
constant  throughout  the  series  of  esters  from  the  ethyl  term  upwards. 
As  in  the  case  of  practically  all  the  other  physical  constants  of  homo- 
l(^«;ous  series,  the  methyl  term  is  exceptional,  and  both  by  acetylation 
and  alkylation  the  increment  in  the  molecular  rotation  of  the  methyl 
ester  is  distinctly  less  than  in  the  case  of  the  higher  esters. 

Considering  only  the  esters  of  the  normal  alcohol  radicles,  it  will  l)e 
observed  that  both  in  the  glycei-ates  and  in  the  dimethoxypropionates 
the  maximum  molecular  rotation  is  i-eaiched  in  the  case  of  the  heptyl 
term,*  whilst  in  the  case  of  the  diacetylglycei-ates  the  heptyl  and 
octyl  esters  are  pi-actically  of  identical  molecular  rotation,  so  that 
there  is  no  evidence  of  a  maximum  having  been  attained  in  this 
series. 

It  is  noticeable,  also,  that  in  the  normal  dimethoxypropionates,  as  in 
the  other  normal  series,  the  further  increments  in  molecular  rotation, 
after  the  propyl  term  has  l)een  reivched,  are  comparatively  small.  This 
phenomenon  serves  to  emphasise  what  has  already  lieen  pointed  out  by 
one  of  us,  that  inasmuch  as  ou  stereochemical  grounds  it  is  believed  that 
"  a  continuous  chain  of  five  carbon  atoms  will  all  but  return  upon 
itself,  and  beyond  this  further  additions  to  the  chain  will  lead  to  such 
interference  as  must  necessitate  a  reatljustment  of  the  exact  positions 
occupied  by  the  carbon  atoms  in  a  shorter  chain  ....  this  stereo- 
chemical change  should  be  betrayed  by  some  irregularity  in  the  rotatory 
manifestations." 

*  Of  course,  the  maximum  may  be  attained  at  the  pentyl  or  hexyl  term,  the 
rotation  of  these  esters  being  still  unknown. 
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The  anticipated  "  irregularity "  is  in  all  the  three  normal  series 
referred  to  above  recognisable  in  the  greatly  diminished  rate  of 
increase  in  the  molecular  rotation  which  takes  place  after  the  propyl 
term  has  been  reached. 

The  rotations  have  in  all  cases  been  determined  over  a  wide  range  of 
temperature  from  15 — 97°,  and  with  rise  of  temperature  a  diminution 
in  the  rotation  invariably  takes  place,  whilst  in  the  case  of  the 
glycerates  and  diacetylglycerates  it  has  been  previously  shown  that  the 
rotation  increases  with  rise  of  temperature. 

In  view  of  the  great  similarity  between  the  structure  of  the  lactates 
and  glycerates,  it  is  interesting  to  compare  the  molecular  rotations  of 
these  on  the  or;e  hand,  and  of  their  correspondingly  alkylated  deriv- 
atives on  the  other ;  thus  the  following  figures  are  given  by  Purdie 
and  Irvine  (Trans.,  1899,  75,  487) : 

Effect  of  Mono-methoxy- 

Lactates,  alkj-lation  on  propionates, 

[M]^'°.  molecular  rotation.  [M]^. 

Methyl  -8-6°  -104-1°  -112-7° 

Ethyl -12-2  -106-7  -118-9 

Mono-ethoxy- 
propionates. 

Methyl  -8-6°  -99-1°  -107-7° 

Kthyl -12-2  -104-2  -116-4 

Effect  of  acetylation.      Acetyl-lactates.* 
Ethyl -12-2'  -67-5°  -79'T' 

*  Purdie  and  Williamson,  Trans.,  1896,  69,  830. 

On  comparing  these  figures  with  tho.se  in  the  previous  table 
referring  to  the  glycerates  and  their  derivatives,  it  will  be  seen  that 
not  only  have  the  lactates  and  glycerates  very  similar  rotations,  but 
the  mono-  and  di  methoxypropiouates  are  al.so  very  similar  in  rotatory 
power,  the  groups  CII3-  and  CIT^-O'CH^,-  having  apparently  very 
nimilar  rotatoi-y  effects  when  tliey  are  directly  united  to  the  asymmetric 
carbon  atom.  On  the  other  hand,  there  is  a  very  great  difference 
between  the  rotations  of  ethyl  acetyl -lactate  and  ethyl  diacotyl- 
glycerate. 

Tliia  difference  between  the  rotatory  effects  of  the  alkylo.xy-  and 
the  ooyloxy-groups  has  already  been  pointed  out  l)y  Purdie  and  Irvine 
(Trans,,  1901,  79,  904)  in  respect  of  ethyl  nialato,  ethyl  mono- 
metlioxysu  cinato,  atid  ethyl  acetyl inalato,  on  the  one  hand,  and  of 
ethyl  tortnite,  oLhyl  dimothoxysuccinate,  and  ethyl  diacetyltartrate  on 
the  other.  In  fact,  the  relationship  between  the  constitution  of  the 
Jactaten  and  the  glyc^oratcs  is  very  similar  to  that  subsisting  between 
the  malutefiand  the  tartrates,  and  in  the  following  tallies  the  molecular 
rotations  of  the  several  lactic  and  malic  derivatives  are  compared  with 
those  of  the  corresponding  glyceric  and  tartaric  derivatives : 
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Methyl  EitfiTS. 


Lactates  and  derivatives. 

t". 

[M]^ 

Glycerates  and  derivativea. 

r. 

1 
15* 

[MV 

Methyl  lactate    

^n* 

-s-e" 

Methyl  glycerat* 

,,       diacetylglycerate  . 

-6-8' 

„      af-etyl-lartate    'l65 

-76-4* 

15 

-24-6 

, ,       dijiropionylglycer- 

1 

at« 

16 

-25  5 

,,       di-monochloro- 

1 

acetylglycer^ta... 
,,      di-dichloroacetyl- 

15 

-85-2 

1 

glycerate   

15 

-47-7 

,,       di-pbenacetyl- 

g  ycerate   

14*5 

-57-2 

,,       di-trichloroacetyl- 

glycetate   

12 

-58-2 

,,      met  hoxy  propionate 

20 

-112-7 

,,       di-methoxvjiro- 

pionate 

15 

- 108-8 

,,      ethoxypropionat*... 

20 

-107-7 

,,       di-o-toluyl- 

glycerate   

20 

+  711> 

di-beiizoyl- 

glviTiate    

•20 

+  87-5 

,,       di-w-toluyl- 

glycerate  

20 

+  »4  0 

,,       di-p-toluyl- 

glycerate  

20 

■f  146-7 

*  Calculated  fri>ni  the  value  given  by  P.  Fraiiklaud  and  Henderson,  see  f<x)tnofe 
in  next  talile. 

Ethyl  Eaters. 


Lactates  and  derivatives. 

t\ 

IM]„. 

Glycerates  and  derivatives,    t^. 

[M].. 

Kthyl  lactate 

W 

-12-2"" 

Ethyl  ffl  wprat* 1  fi' 

-  12  3" 

,,     acetvMactate  

?n 

-79  7 

diacetylglycerate   ..     15 
di-monochloro- 

-35  6 

„ 

acetvlglvcemtc   ..     15 

-48-2 

,, 

di-dichloioacrtvl- 

f^lycerate 16*8 

-65-3 

,, 

di-trichloroacftyl- 

ijlycerate 12-5 

-79-8 

,,     methoxypropionate  . 

20 

-118  9 

di-methoxy- 
propionate  15 

-114-4 

,,     ethoxypropionate  ... 

20 

-110  4 

ij 

di-o-toluvlglycerate.   20 

+  80  1 

,,     henzoyl-lactate    

15 

+  590'* 

" 

di-benzoylglycerate .   20 
di-»i-tolajlglycei-ate  20 

+  89-2 
+  99  5 

di-y-toluylglycerate    20 

+  156-9 

*  This  figure  is  calculated  from  t'.e  value  given  by  P.  Frankland  and  Hemlerson 
(Proc,  1895,  11,  54)  ;  making  allowance  for  the  partial  inactivity  of  their  material,  a 
similar  calculation  made  for  ethyl  acetyl-lactate  gave  [M]u  -79  4°,  whilst  Purdie 
and  Williamson  (Ti-ans.,  1896,  69,  8'30),  using  pure  material,  found  -  79■7^ 
Hence,  the  calculated  values  for  ethyl  benzoyl  lactate  in  this  table  and  for  methyl 
acetjl-lactate  in  the  previous  table  are  probably  substantially  correct. 
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Methyl  Esters. 


Malates  and  derivatives. 

90° 

[M]„. 

Tartvate.s  and  derivatives. 

t°. 

[M]„/2.* 

Methyl  malate   

-11-r 

Methyl  tartrate 

,,      dipropionyltartrate 

90° 

+  1-9' 

acetylmalate 

20 

-46-8 

15 

-15-5 

,, 

jjropioiiylnialatc  ... 

20 

-  .'iO-O 

, ,      dibutyry  Itartrnte . . 

13 

-24-0 

>> 

butyrylmalate 

20 

-52-1 

,,      diraonocliloro- 

acetyltavtratc   ... 

, ,      didicliloroacetyl- 
tavtrate  

,,      diphenylacctyl- 

tartrate  

20 

20 

18 

-1-1 

+  23-8 
+  30-0 

,, 

benzoylmalate 

21 

-15-0 

, ,      dibenzoyl  tartrate . . 

100 

-140-1 

>> 

0  toluylmalate 

23 

-25  0 

,,      di-o-tohiyltartrate . 

100 
19 

-140-8 
-162-4 

)f 

?«-toluy]nialate    ... 

20 

-17-8 

,,      di-m-toluyl  tartrate 

100 

-163-6 

>> 

;3-toluylnialate 

18-5 

-8-8 

,,      di-2?-toluyltartrate. 
,.      di-o-nitrobenzoyl- 

tartrate  

,,      di-Hi-nitrobenzoyl- 

tartrate  

,,      di-m-nitrobenzoyl- 

tartrato  

,,      (li-j3-nitrobenzoyl- 

tartrate 

100 

100 

100 

22 

100 

-212-9 
-•233-2 
-164-8 
-188-9 
-256  0 

M 

methoxysiicciiiate, . 

12 

-92-4 

,,      di-methoxy- 

.succinate  

60 

+  850t 

>t 

ethoxysuccinate  ... 

19 

-115-9 

*  In  llie  ca.se  of  tlie  tartrates,  the  molecular  rotation  has  bci'ii  halved  in  onler  to 
exhibit  tliat  whidi  is  due  to  the  single  asymmetric  carbon  atom. 

t  At  20",  the  molecular  rotation  [M]„/2  would  probably  be  about  +90". 


Ethyl 

EHers 

• 

MalateB  and  derivatives. 

20' 

[M]„. 

Tuitrn 

itcs  and  derivatives. 

t\ 
20" 

[M]../2. 

Kthyl  malate 

- 19'8° 

Ethyl 

tartrate  

+  7-9° 

,,     acetylmalate    

20 

-52-8 

>) 

diacetyltartrato  

■20 

+  50 

,,     ])ropi<itiy!uiiilate 

20 

-64-C 

dipropionvltiutrate . 

16 

+  0-6 

,,     liulvryliniilatc  

20 

-57-8 

I) 
1) 

dibutyryUartrato  .. 
di-monochloro- 

acetyl  tartrate 

di-ilicfiloroacctyl- 

tarhato    

di-phenacetyl- 

tartrate    

16 

16-6 

16 

20 
100 

-1-4 

+  13-3 

1  34-9 

+  89-6 
+  20  0 

,,    bcnstoyhnalato 

21 

-11-4 

di  bonzoyltartrate... 

20 
100 

-123-6 
1-J5-8 

,,    0- toluylmalate 

'.'1 

-19'8 

1 1 

di-«-tolnyltartrato... 

30 
100 

-1334 
-121-0 

,,     7H-toliiylroalati- 

.:l 

-14-4 

di-7H-t<duvltarlrate.. 

20-6 

-1.53-2 

1) 

II            t) 

100 

140-9 

A>llDE   OF    DiMETHOXYPROPIONlC  AClD. 
EUiyl  Esters  (continue<.l). 


A69 


Malattih  aud  derivatives. 

t\ 

[M]. 

Tarti 
Ethy 

"ateii  aud  derivatives. 

'-J 

20°' 
100 

lMJ^/2. 

itliyl  ;>-toluylmalate 

20° 

-0-7° 

I  di-jw-toluyltartf«te  .. 

-242'2* 
-198-9 

., 

di-i»vronmcyl- 

1 

tartrate   ^... 

«o 

-160-7 

di-o-nitrobeuzoyl- 

tartrate    

15 

-332-3 

100  1 

- 157-9 

•■ 

di-m-nitrobenzoyl> 
tartrate   

1 
•20 

-178-7 

100 

- 162-2 

" 

di  p-nitrobenxoyl- 
tartrate    

13 
99 

-3-25-9 
•245  9 

iiiethoxvsuccinate    ... 

18 

-102  2 

,, 

di-mothoxviiueciuate 

20 

4  105-3 

.,     ctho.xysuccinHtc  

17 

-121-0 

" 

di-ethoxysuccinate. . 

18 

+  1-22-1 

Dimethoxy propionic  Amide  and  Metfiylamide. 

We  have  sulded  to  the  number  of  knowu  optically  active  amides  by 
the  j)iei)aration  of  two  new  repi-esentatives  of  this  class — dimethoxy- 
propiouamide  and  dimethoxypropionic  methylamide.  Tiie  amide  has 
had  its  rotation  determined  in  water  and  in  pyridine,  the  methylamide 
in  methyl  alcohol  solution. 

In  the  following  table,  the  rotations  of  these  comiX)unds  are  compared 

with  those  of  some  closely  allied  amides  : 

2),  jH-r  cent. 

Solvent.        solution.  f.  [M]u. 

Glyccramide Liquid  —  -20'  -46-4"' 

Methyl  alcohol    24390  20  -66-2 

,,  4-7619  20  -64-9 

l)imethoxypropiouaniide    ,,  1-6026  20  -72-4 

„  3-1-283  20  -72-6 

Diuietho.xym-oniouic  inethylaiuide..  ,,  1  •05-20  20  -87*2 

1-8918  20  -86-3 

Malamide Watei       c^4-32  20  -496 

, ,,  c  =  8-65  20  -50-2 

[M]^2.« 

Tiutiamide    „                0-077  20  +800' 

.,                1-305  20  +79-0 

Tartaric  methylamido ,,                0994  20  +1275 

,,  10-35  20  +121-0 

[M]./2.* 

Diiuethoxysucciuaniide ,.  l-=  0-72  20  +83-rt 

,,  (not  given)  20  +93-2  t 

*  As  in  the  previous  tables  (p.  868  aud  above),  the  molecular  rotations  of  the 
tartaric  derivatives  have  been  halved  in  order  to  exhibit  the  rotation  due  to  a  siugle 
asymmetric  carbon  atom. 

t  Both  these  values  are  given  by  Purdie  aud  Irvine  (Traus.,  1901,  79,  960),' who, 
however,  suggest  that  the  higher  one  is  above  the  truth  owing  to  the  probable 
presence  of  a  small  quantity  of  some  more  active  product. 
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From  the  above  it  will  be  seen  that  the  molecular  rotations  exhibit 
the  following  relationships  : 

Glyceramide  <  dimethoxypi'opionamide  <  dimethoxypropionic 
methylamide  (all  three  in  methyl  alcohol  solution) ;  similarly 

Tartramide  <  dimethoxysuccinamide  (both  in  water  solution),  and 
Tartramide  <  tartaric  methylamide  (both  in  water  solution),  and 
Malamide  <  tartramide  (both  in  water  solution). 

Experimental. 

The  dimethoxypropionates  were  in  all  cases  prepared  by  the 
mtthylation  of  the  corresponding  glyceric  esters,  the  latter  being 
obtained  by  heating  active  glyceric  acid  with  the  alcohol  in  a  sealed 
tube  as  described  by  P.  Frankland  and  MacGregor  (Trans.,  1893,  63, 
511,  UIO). 

Methyl  Dimethoxijjn'opionale. 

The  methyl  glycerate  employed  exhibited  a  rotation 

ai,-6-44°,  ;=1,  <  =  20°, 

whilst  Frankland  and  MacGregor  {loc.  cit.)  found 

ai,-G-15°,  ^=1,  <  =  15° 

Twenty-four  grams  of  methyl  glycerate  (1  mol.),  together  with 
methyl  iodide  (6  mols.),  were  dissolved  in  ether,  and  to  this  silver  oxide 
(3  mols.)  was  added,  the  vigorous  reaction  which  ensued  being  moder- 
ated by  cooling.  Subsequently  the  mixture  was  heated  for  four  hours 
on  the  water-bath,  filtered,  and  the  residue  repeatedly  extracted  with 
ether.  The  ethereal  solution  was  dried  over  anhydrous  sodium  sul- 
phate, and,  after  driving  off  the  ether,  distillation  in  a  vacuum  yielded 
a  principal  fraction  (13  grams)  between  75' and  SU"^  under  15  mm. 
pressure  (temp,  of  oil-bath,  90°).     The  rotation  was 

tti,-7400",  1=1,  <  =  20°. 

This  product  was  washed  with  water  to  remove  any  unaltered  methyl 
glycerate,  as  well  as  any  of  the  mono-metlioxy-dcrivativo  which  might 
have  l)een  formed,  and  after  drying  and  dihtillitig  twice  again,  the 
rotation  and  lx>iliug  point  (77 — 76"  under  15  mm.)  were  practically 
unaltered  : 

tto- 37-00°,  U  04992,  rf  2074°- 1- 063 1. 
[o]r  -  Qd-IO'' ',  [M]r  -  103-16°. 

The  ester  is  somewhat  soluble  in  cold  water,  from  which  it  separates 
ou  warming. 
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0-1536  gave  0-2749  CO^  and  Oil  10  H^U.     0  =  4881  ;  H  =  803. 
01613     „     0-2875  CO.^    „    0-1185  HJO.     C  =  48  61 ;  H  =  S-16. 
Calculated  for  C^B.^.fi^,  C  =  4865  ;  H  =  81 1  per  cent. 

Ethyl  DimetliocypropioiuUe. 

The  ethyl  glycerate  Uhed  for  this  prepai-ation  exhibited  a  rotation 

au- 10-94°,  ^=1,  <  =  20", 

whilst  Frankland  and  MacGregor  {loc.  cit.)  give 

oi,- 10-85^,  ;-l,  <»15". 

23  7  grams  of  this  ester  were  methylated  as  above;  th*)  reaction, 
being  extremely  vigorous,  had  to  be  repeatedly  moderated  by  cooling. 
The  crude  product  distilled  from  the  ether  extract  amounted  to  12 
grams,  and  ptissed  over  at  85-90°  (17  mm.;  oil-lmth,  110°); 
au  -36-05^,  ^=.  0-4992,  <  =  20°.  The  roUtion  was  not  affected  by  two 
subsequent  redistillations;  the  boiling  point  of  the  final  product 
(7-5  grams)  was  92^(17  mm. ;  oil-bath,  115"). 

I.  0  1000  gave  01890  CO^  and  0-0782  HjO.     0  =  51-55;  H»8-69. 
11.0-1283     „     0-2436  COj    „    00997  H._.0.     0  =  51-78 ;  H  =  8  63. 
Calculated  for  C^Hj^O^,  C  =  51  85  ,  H  =  8-64  per  cent. 

Ui,  -  3600^,  I  =  0-4992,  t  =  20°,  d  20°/4°  =  10309. 
[a]r-69-95°;  [MJir- 113-32°. 

Propyl  Diinet/ioxyjn'opiouate. 

The  propyl  glycerate  employed  was  found  to  have  a  rotitiou  aj, 
-14-5^,  ^  =  1,  t  =  20°,  as  compared  with  that  observed  by  Frankland 
and  MacGregor  {loc.  cit.),  ai,-14-7'^,  ^—1,  <=17".  The  reaction  in 
methylating  was  again  vigorous. 

From  20  grams  of  propyl  glycerate,  10'5  grams  of  a  faintly  yellow 
liquid  distilliug  at  90—100^  (15  mm.;  oil  bath  at  110— 115  )  were 
obtained.  It  had  a  rotation  0^-34-70^  ;  =  04992,  <  =  20°.  The 
latter  was  practically  unaffected  by  two  further  redistillations,  the 
boiling  point  of  the  final  product  (7-3  grams)  being  93 — 95'^  (15  mm. ; 
oil-bath  at  115°). 

I.  01558  gave  0-3125  CO..  and  01285  H^O.     0  =  5470;  H  =  9-16. 
11.0-1428     „     0-2855  CO!^    „    01158  HgO.     0  =  5453;  H-=901. 
OilciUated  for  OgHjgO^,  0  =  54-54  ;  H  =  9-09  per  cent. 

ai>  -  34-76^  I  =  0-4992,  t  =  20°,  d  20^^/4^  =  1  -0090. 
[a]f   -69-01°;  [MjiT    -121-46\ 
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Butyl  Dimethoxypropio7iate. 

The  butyl  glycerate  used  exhibited  a  rotation  a^  -  7*03°,  ^  =  0*4992, 
t  =  20°,  as  compared  with  Frankland  and  MacGregor's  value  of  a^, 
-  14*50°,  /!  =  0*992,  «  =  17°.  The  reaction,  on  methylating,  appeared  to 
be  more  violent  than  in  the  previous  cases,  doubtless  owing  to  the 
butyl  glycerate  being  more  soluble  in  methyl  iodide,  whilst  in  the  case 
of  methyl  and  ethyl  glycerate,  complete  solution  in  the  methyl  iodide 
could  only  be  brought  about  by  the  addition  of  ether,  and  it  has  been 
shown  by  Lander  (Trans.,  1900,  77,  729)  that  the  Purdie  reaction  is 
only  applicable  to  substances  soluble  in  the  alkyl  iodide  or  soluble  with 
the  latter  in  a  common  solvent.  After  the  reaction  had  abated,  the 
mixture  was  heated  for  one  hour  on  the  water-bath,  the  products 
separating  into  two  layers.  After  extracting  with  ether  and  drying, 
there  were  obtained  from  28  grams  of  butyl  glycerate  17  grams  of  a 
colourless  liquid  distilling  at  109 — 114°  (15  mm. ;  oil-bath,  135°),  and 
of  rotational,  -  32*11°,  ^  =  0*4992,  «  =  20°. 

Washing  with  water  ahd  redistilling  twice  did  not  affect  the  rotation. 
The  final  product  (12  grams)  distilled  at  114 — 115°  (15  mm. ;  oil-bath, 
135°). 

I.  0*1353  gave  0*2833  CO.  and  0*1154  H.,0.     C  =  57*11-;  H  =  9*48. 
II.  0*1451     „     0*3040  CO2    „    01238  H2O.     C  =  57*14  j  11  =  9*48. 
Calculated  for  CoHigO^,  C  =  56*84  ;  H  -  9*47  per  cent. 

at,-32*13°,  ^  =  0*4992,  «-20°,  (Z  20°/4°  =  0-9921. 
[aJS''  -64*88°;  [M]?;'    -123*27°. 


Ueptyl  DimethoxypropionaU. 

The  heptyl  glycerate*  employed  had  a  rotation  of  a  -5*03°, 
;  =  0-4992,  «  =  20",  whilst  Frankland  andMacGregor  found  a^  -  11*65°, 
;  =  0*992,  <  =  18°.  As  in  all  the  previous  cases  it  had  been 
found  possible  to  confirm  Frankland  and  MacGregor's  figures  by  the 
repeated  fractionation  of  our  products,  we  deemed  it  unnecessary  on 
this  occasion  to  resort  to  the  complete  purification  of  the  ester,  as  much 
less  is,  of  course,  thereby  entailed,  and  it  is  therefore  more  advanta- 
geous to  rely  on  the  purification  after  methylation. 

The  violence  of  the  reaction  in  methylating  was  moderated  by  mixing 
a  large  volume  of  pure  ether  with  the  heptyl  glycerate  and  silver  oxide, 
the  methyl  iodide  being  then  gradually  added  drop  by  drop.  After 
the  visible  action  had  ceased,  tlio  whole  was  heated  for  one  hour  on  the 
water-l)atl». 

•  Troiiared  fium  n  hciilyl  alculiol  Iwilin^^  at  170—178"  ami  [uovcd  to  bo  inautive. 
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From  20  grams  of  heptyl  glycerate,  13  grams  of  a  colourless 
liquid  distilled  over  at  142—148°  (15  mm.  ;  oil-bath,  170^).  This  was 
found  to  have  a  rotation  of  a^  -  26-33°,  /-  0-4992,  t  =  20° 

After  washing  with  water,  drying,  and  again  twice  distilling,  the 
final  product  (9  grams)  passed  over  at  144 — 146°  (15  mm. ;  oil-bath, 
170"). 

I.  01497  gave  0-3397  CO.  and  0  1370  HjO.  C  =  61-89  ;  H- 10-17. 
11.0-1464     „     0-3318  CO^    „    01360  H2O.  C=.61-81  ;  H=  1032. 
Calculated  for  C^Hj^O^,  C  =  6207  ;  H  =  10-34  per  cent. 

ao- 26-20",  i  =  0-4992,  <  =  20°,  </ 20^/4°  =  0-9571. 
[ojr  -  54-84°  ;  [M]f;  -  127-23°. 

Octyl  DiiMthoxypropioiiate. 

The  octyl  glycerate  exhibited  the  rotation  ao-5-05°,  /  =  0*4992, 
t  =  20°,  closely  corresponding  to  Frankland  and  MacGi-egor's  value  of 
oo— 10-40°,  /  =  0-992,  i  =  19°.  The  methylatiou  was  carried  out  in 
exactly  the  same  manner  as  with  the  heptyl  ester.  From  20  grams  of 
octyl  glycerate  there  were  obtained  1 1  grams  of  crude  product ;  this 
was  very  yellow,  distilled  at  154 — 157°  (15  mm.  ;  oil-bath,  175°),  and 
had  a  rotation  a^  -  24°,  I  =  04992,  t  =  20". 

After  purification,  which,  in  consequence  of  the  yellow  colour, 
necessitated  one  more  distillation  than  usual,  6  grams  of  pi-actically 
colourless  liquid  distilling  at  157 — 158°  (15  mm.  ;  oil-bath,  180^)  were 
obtained. 

1.   01413  gave  0-3290  CO2  and  01343  H,0.  C  =  6350  ;  H=  1056. 
11.0-1373     „     0-3194  CO.,    „    01290  H,,0.  C- 63-44  ;  H  =  10-44. 
Calculated  for  Ci^H^gO^,  0-6341  ;  H=  10  57  per  cent. 

ao- 24-00°,  ;  =  0-4992,  <  =  20°,  rf  20°/ 4°  =  0-9527. 

[ajr- 50-46°;  [M]r- 124-13°. 

DiiMthox^ypropumam  ide . 

Dry  ammonia  was  passed  into  a  solution  of  ethyl  dimethoxypi-opion- 
ate  in  methyl  alcohol  kept  at  0°.  The  saturated  liquid  was  then  placed 
in  a  sealed  tube  and  heated  to  120°  for  six  hours.  On  removing  the 
liquid  from  the  tube,  the  alcohol  and  ammonia  were  allowed  to 
evaporate  at  the  ordinary  temperature,  and  a  crystalline  residue  was 
left.  The  latter  was  i-ecrystallised  ^from  methyl  alcohol,  long,  slender 
needles  melting  at  77 — 77-5°  being  obtained.  The  same  substance  was 
also  similarly  prepared  from  propyl  dimethoxypropionate.  The  two 
preparations  were  consequently  mixed  and  recrystallised  until  of 
constant  rotation. 

VOL.  LXXXVll.  3  N 
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0-1419  gave  13-3  c.c.  of  moist  nitrogen  iit  734  mm.  and  14-5°. 
N=  10-62. 

CjHjjOgN  requires  N  =  10-53  per  cent. 

The  amide  is  very  soluble  in  ether,  alcohol,  and  pyridine ;  it  crys- 
tallises well  from  ligroin. 

The  rotation  was  determined  in  methyl  alcohol  and  in  pyridine  solu- 
tion respectively. 

Rotation  of  Dimethoxijpropionamide. 
diethyl  Alcohol  Solution. 


p- 

d  2074°. 

Z  =  296-2  mm. 

[air- 

[Mlf. 

31283 
1  -6026 

0-8012 
0-7970 

-4-05° 
-2-06 

Pyridine  Solution. 

-54-55° 
-54-45 

-72-55' 
-72-42 

1-6966 
1-0404 

0-9788 
0-9784 

-3-52° 
-2-16 

-71-60° 
-71-31 

-95-23' 
-94-84 

Dimethoxypropionic  Methylamide. 

This  was  separately  prepared  from  the  butyl  and  the  heptyl  dimethoxy- 
propionate  respectively  by  passing  dry  methylamine  gas  into  each  of 
these  esters  in  alcoholic  solution.  The  saturated  solutions  were  further 
treated  in  exactly  the  same  way  as  described  above  in  the  preparation 
of  the  amide. 

The  residue  left  after  the  removal  of  alcohol  and  excess  of  methyl- 
amine was  a  liquid  which  only  solidified  after  standing  for  three  weeks 
in  an  exsiccator.  The  solid  thus  obtained  was  very  deliquescent  and 
was  with  much  difficulty  recrystallised  from  ligroin  kept  at  — 10°;  it 
then  exhibited  a  white,  feathery  appearance. 

The  specimens  thus  obtained  from  the  two  different  esters  gave  the 
same  rotation  and  were,  tlierefore,  united  and  recrystallised. 

0-1128  gave  07  c.c.  moist  nitrogen  at  741  mm.  and  18-5°.    N  =  9-65. 
CflHjgOgN  requires  N  =  9-52  per  cent. 

Tho  rotation  was  determined  in  methyl  alcohol  solution. 

liotation  qf  Divielhoxypropionic    Methylamide. 
Methyl  Alcohol  Solution. 


V- 

d  2074*. 

/  =  296-2  mill. 

[«]r- 

[M]f. 

1-8918 

0-7962 

-2-0-ii'' 

-  58-72° 

-86-82° 

1-0620 

0-7060 

-1-47 

-59-30 

-87-17 
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Preparation  of  Calcium  Glycerate  from  Ethyl  Diniethoxypropionate. 

In  order  to  ascertain  whether  the  configuration  of  the  asymmetric 
carbon  atom  had  remained  unchanged  during  the  ti'ansformation 

glycerate  — >  dimethoxypropionate, 

calcium  glycerate  was  prepared  from  some  of  the  ethyl  dimethoxypro- 
pionate  above  described. 

Ethyl  (limethoxypropionate  (4'4  grams)  was  heated  with  ten  times 
llie  weight  of  fuming  hydriodic  acid  in  a  sealed  tul>eat  100^  for  8  hours. 
The  production  of  an  oily  layer  smelling  of  methyl  iodide  showed  tliat 
the  desired  action  had  taken  place.  The  afjueous  layer,  after  most  of 
the  hydriodic  acid  had  been  driven  off  by  heating  in  vacuo,  was 
extracted  with  ether  and  benzene  to  remove  fi-ee  iodine,  and  then 
neutralised  with  calcium  carbonate.  After  filtering  off  the  excess  of 
calcium  carbonate,  and  concentrating  on  the  water-Ixith,  the  calcium 
glycerate  was  obtained  as  a  semi-crystalline  residue.  The  latter  was 
dissolved  in  water,  made  up  to  25  c.c,  the  rotation  determined,  and  the 
strength  of  the  solution  ascertained  by  means  of  a  calcium  estimation. 
Thus  : 


a?**  ill  198  mm.  tube. 
Strength  of  solutiDii  as 
deteriiiinoil  by  analysis,  j 

Ca(C3Hj04)„JH.p.  Recovered  calcium        i     Pure  calcium  glycerate 

glycerate.  ;  for  comparison. 


0-8412  gram  i  -1-20'  -103" 

0-5216     ,,  -0-75  '  -0-63 

The  above  concordance  between  the  activity  of  the  original  calcium 
glycerate  and  that  obtained  by  dimethylation  and  hydrolysis  of  the 
dimethoxypropionic  ester  shows  that  the  asymmetry  of  the  carbon  atom 
was  preserved  throughout  the  whole  series  of  transformations  : 

Ca-glycerat^  — >  Glyceric  ester  — >  Dimethoxypropionic  ester  — > 

Ca-glycerate. 

Injiuence  of  Temperature  on  th^  Rotation   of  the    Dimethoxypropionic 

Esters. 

In  the  following  tables  are  recorded  the  determinations  of  rotatory 
power  for  each  ester  at  temi)eratures  between  15^  and  100°.  In  each 
case,  after  the  rotation  hud  been  ascertained  at  IOC,  it  was  redetermined 
at  15°  in  order  to  see  whether  the  activity  had  suffered  any  permanent 
change  through  the  compound  being  heated. 

3  X  2 
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1.  Methyl  Dimethoxypropionate. 


<• 

Density 

perature. 

Z  =  49-92  ram. 

r/4°. 

i<- 

[M]'; 

15-0° 

-37-41° 

1-0680 

-70-17° 

-103-85' 

20  0 

37-00 

1-0634 

69-70 

103-16 

30-5 

35-93 

10484 

68-65 

101-60 

51-5 

33-87 

1  -0304 

65  85 

97-46 

71-0 

32-06 

1-0110 

63-52 

94-01 

97-3 

29-88 

0-9827 

60-86 

90-07 

15-0 


37-35 


Densities  determined 


Temperature. 
Density  r/4°. 


15-4° 
1-0683 


20° 
-0634 


30° 
1-0489 


60° 
•0230 


80° 
1-0012 


2.  Ethyl  JJiniethoxypropionate. 


<• 

Density 

perature 

.     i  =  49 -92  mm. 

f/4°. 

[<- 

[M]^. 

15-0' 

-36-45° 

1-0340 

-70-62* 

-114-40" 

20-0 

36  00 

1-0309 

69-95 

113-32 

30-5 

34-96 

1-0213 

68-57 

111-08 

50-5 

33-08 

0-9986 

66-36 

107-50 

60-5 

32-11 

0-9873 

65-15 

105-54 

97-0 

29-18 

0-9523 

61-38 

99-44 

15-0 


36-38 


Densities  determined : 


Temperature... 

15-4° 

20° 

30° 

60° 

80° 

Density  i°/4°... 

1-0344 

1-0309 

10217 

0-9878 

09686 

3.  Propyl  Diinethoxy^rrojnonate. 


<• 

Density 

Temperature. 

^  =  49-92  mm. 

«°/4°. 

[«];:• 

[M]';- 

16-0' 

-35-23° 

10138 

-69-61° 

-1-22-51° 

'20-0 

34-76 

1  -0090 

69-01 

121-46 

ai  0 

33-76 

0-9973 

67-81 

119-35 

50-5 

31-93 

0-9768 

65-48 

115-24 

60-0 

31-01 

0-9668 

64-25 

113-08 

97-0 

27  06 

0-9313 

60-14 

105-85 

15-0 


85-26 


Densities  determined : 


Temperature. . 

16-4* 

20° 

80° 

60° 

80° 

Density  f/i\.. 

1-0141 

1  -0090 

0-9983 

0-9668 

0-9476 
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4.  n- Butyl  Diinetltoxypropionate. 


Temperature. 

1.V0" 
20  0 
3:V5 
57-0 
97  0 

15-0 


?  =  49-92  mm. 

-32-51' 
3213 
30-85 
28-80 
25-85 

32-35 


Density 

<74'. 

0-9962 
0-9921 
0-9775 
0-9554 
0-9188 


[<- 
-65-37' 
64-88 
63-22 
60-51 
56-36 


[M)C. 
-124-20" 
128-27 
12012 
114  97 
107  08 


Densities  determined  : 

Temperature 15' 

Density  r/4' 0  9962 


20' 
0-9921 


30" 
0-9813 


CO* 
0-»525 


80' 
0-9343 


5.  n-ITeptyl  Diinsthoxi/propionat^. 


<■ 

Density 

Temperature. 

7-49-92  mm. 

r/4'. 

K- 

IMC 

is-f/ 

-26  •48° 

0-96-24 

-55  12' 

-127-88 

200 

-26  20 

09571 

54  84 

127-23 

35  0 

25  08 

0  9443 

53  20 

1-23-42 

54-0 

23  68 

0-9-273 

51-15 

11867 

96-0 

21  11 

0-8961 

4719 

109-48 

15-0 


26-39 


Densities  ckter mined 


Temperature 

15' 

20' 

30' 

60' 

80' 

Density  f^Ji^ 

0  96-24 

0-9571 

0-9487 

0-9-2-iO 

0-9076 

6.  n-Octyl  Dimethooeypropiotiate. 


Temperatni-e. 

/  = 

<• 

49  92  mm. 

Density 

r/4'. 

[< 

[MIC- 

15-0" 
-20  0 
39-0 
65  0 
9tJ-5 

-24  35' 
24  00 
-J2  66 
•21  71 
1945 

0-9552 
0-9527 
0  9368 
0  9-221 
0-8869 

-51  •07" 
50-46 
48  45 
47  16 
43  93 

-  125-63' 
12413 
11919 
11601 
108-07 

150 

24-31 

— 

— 

— 

Densities 

determined : 

Temjierature 
Density  t'/i" 

15' 

0-9552 

20' 
0-9527 

30" 
0-9450 

60' 
0-9176 

80' 
0-9008 

From  the  above  tables  it  will  be  seen  that  in  all  ca.ses  the  rotation 
diminishes  with  rise  of  temperature.  Taking  the  molecular  rotation, 
the  diminution  between  15°  and  97°  is  as  follows: 
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Percentage 

Diminution  in  [M]d  diminution  in  [M]u 

between  15°  and  97°.  per  1°  rise  in  temp. 

Methyl  dimethoxypropionate    13'8  016 

Ethyl  .,  „  15-0  0-16 

Propyl  „  „  16-6  0-16 

But)l  ,,  ,,  17-1  0-17 

Heptyl  „  ,,  18-4  O'lS 

Octyl  „  ,,  17-6  017 

Thus,  whilst  there  are  considerable  differences  in  the  absolute  amount 
of  the  diminution,  the  percentage  diminution  is  practically  the  same 
for  all  the  esters. 

It  has  been  previously  shown  that  the  glycerates  and  diacetylglycer- 
ates  have  their  rotations  increased  by  rise  of  temperature  (P.  Frankland 
and  MacGregor,  Trans.,  1894,  65,  769),  and  the  percentage  increase  in 
their  case  is  markedly  greater  than  the  percentage  diminution  in  the 
case  of  the  dimethoxy propionates.  On  the  other  hand,  the  actual 
diminution  in  rotation  in  the  case  of  the  dimethoxypropionates  is 
greater  than  the  actual  increase  in  rotation  in  the  case  of  the  diacetyl- 
gly cerates  and  glycerates. 

The  University, 

Birmingham. 


XC. — The  Constitution  of  Barhaloin.     Part  I. 

By  Hooper  Albert  Dickinson  Jowett  and  Charles  Etty  Potter. 

Barhaloin,  a  ci-ystalline  substance  obtained  from  Bubadoes  aloes, 
wa.s  first  isolated  by  Smith  in  1850  and  examined  by  Stonhou.se  (Phil. 
Mag.,  1850,  [iii],  37,  481),  who  assigned  to  it  the  formula  (Jj^Uj^O-. 
With  bromine  water,  it  yielded  a  crystalline  tribromo-dorivative. 

It  was  further  examined  by  Tilden  (Trans.,  1872,  25,  204;  1875, 
28,  1270),  who  adopted  the  formula  CjfllljyOy,  which  was  confirmed 
by  Schmidt  (Ber.,  1875,  8,  1275).  Tilden  obtained  a  crystalline 
tricbloro derivative,  Cj^lfj^O-Cl.,,  an  amorjjhous  acetyl  derivative 
(0"«=58'6  ;  II  -5'4  per  cent.),  and  found  that,  by  distillation  with  zinc 
duat,  barhaloin  yielded  methylaiithracene.  When  oxidised  with  nitric 
acid,  oxalic,  picric,  and  chryBammic  (tctranitro-l  1  :  G-dihydroxy- 
iinthnu|uinono)  acids  wore  formed,  wliilst  with  chromic  acid  aloexan- 
thin,  t!,jli,„OQ  (?  totnihydroxymothylanthraquinono)  (Ti-ans.,  1877, 
32,  267),  woH  produced.  The  latter  when  distilled  with  zinc  dust 
yielded    methylanthraceno.      Although  'I'iidcn   did    not   propose   any 
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constitutional  formula  for  barbaloin,  it  would  appear  that  he  regarded 
it  as  an  anthraquinone  derivative. 

Groenewald  {Arch.  Pharm.,  1890,  228,  115)  next  examined  barb- 
aloin and  proposed  the  slightly  different  formula  Cj^Hj^O-.  He  ob- 
tained two  crystalline  acetyl  compounds,  which  were  regarded  as  tri- 
and  hexa-acetylbarbaloins  respectively  ;  his  analytical  data,  however, 
are  not  sufficient  to  decide  between  these  two  derivatives,  as  the 
difference  in  the  composition  of  the  various  acetjd  derivatives  is  within 
the  limits  of  experimental  error.  Groenewald  also  obtained  a  well- 
defined  crystalline  tribromubarbaloin,  from  which  he  did  not  succeed 
in  preparing  a  crystalline  acetyl  derivative,  but  the  amorphous  com- 
pounds obtained  gave  results  lying  between  those  calculated  for  a  tri- 
and  a  tetra-acetyl  derivative.  He  found  that  barbaloin  contained  no 
methoxyl  groups.  L6ger  (Conipt.  rend.,  1897,  125,  185)  confirmed  the 
formula  Cj^Hj^O^,  and  prepared  two  amorphous  derivatives  which  he 
regarded  as  dibenzoyl-  and  diacetyl-barbaloins.  From  the  mother 
liquors  resulting  from  the  recrystallisation  of  barbaloin,  he  isolated  a 
substance  differing  slightly  in  its  projierties  from  the  latter,  which  he 
named  i«obarbaloin. 

Tschirch  and  Pedersen  (Arch.  Pkarm.,  1898,  236,  200)  have  stated 
that  a  trihydroxymethylanthraquinone  (aloe-emodin)  was  produced  by 
the  aerial  oxidation  of  barbaloin. 

Leger  {Conipt.  rend.,  1898,  127,  234)  prepared  a  crystalline  triacetyl- 
trichlorobarbaloiu  and  an  amorphous  tribenzoyl  derivative.  He  stated 
tliat  Groeiiewald's  tribromobarbaloin  was  in  reality  tribromowo- 
barbaloin,  and  showed  that  the  behaviour  of  i«obarbaloiu  towards 
acylating  agents  was  similar  to  that  of  barbaloin. 

He  next  {C'ompt.  rend.,  1900,  131,  55)  pi-epared  tribromobarbaloin 
and  stated  that  it  differed  from  the  ti'ibromoi^obarbaloin  (Groenewald's 
tribromobarbaloin)  in  appearance,  solubility,  and  water  of  crystallisa- 
tion. No  melting  points  of  the  isomerides  ai-e  given,  and  the  differ- 
ence in  water  of  crystallisation  lies  almost  within  the  limits  of 
experimental  error,  Groenewald  having  found  4H.,0,  whilst  L^ger 
found  3HoO,  and  tlie  latter  does  not  give  the  experimental  details. 

Oesterle  {Arch.  Fhann.,  1899,  237,  81)  showed  that  pure  barbaloin, 
when  treated  with  an  alcoholic  solution  of  hydrogen  chloride  for  24 
hours,  yielded  a  trihydroxymethylanthi-aquinone  identical  with 
Tschirch's  aloe-emodin  and  isomeric  with  the  emodin  from  rhubarb  and 
frangula  bark.  The  aloe-emodin  yielded  an  acetyl  compound  which 
Oesterle  considered  was  the  diacetyl  derivative,  but  the  possibility 
that  it  was  the  tiiacetyl  compound  was  not  excluded.  The  yield  of 
the  emodin  from  barbaloin  was  not  stated,  but  no  formation  of  a  sugar 
was  observed.  He  questioned  Tilden's  conclusions  as  to  the  constitu- 
tion of  aloexanthin,  but  in  a  later  paper  {Arch.  Pharm.,   1903,  241, 
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604)  he  has  shown  that  by  the  action  of  chromic  acid  on  aloe-emodin 
a  substance  was  formed  identical  with  Hesse's  rhein,  a  tetrahydroxy- 
methylanthraquinone  isolated  from  rhubarb.  He  further  showed  that 
aloexanthin  was  really  an  impure  rhein,  and  that  Tilden's  views  as  to 
its  constitution  were  correct. 

Seel  {Ber.,  1900,  33,  3212)  gave  the  results  of  the  oxidation  of 
barbaloin  with  various  reagents,  but  he  was  unable  to  isolate  any 
definite  product.  With  Caro's  acid,  he  obtained  tetrahydroxymethyl- 
anthraquinone. 

Leger  {Compt.  rend,  1902,  134,  1111,  1584)  stated  that  by  the 
action  of  sodium  peroxide  on  barbaloin,  formic  acid  and  an  aldopentose 
were  formed,  in  addition  to  aloe-emodin.  He  therefore  proposed  to 
alter  the  empirical  formula  of  barbaloin  from  Cjp,Hj,.p-.  to  CojHgoOg, 
and  suggested  the  following  constitutional  formula  : — 

OH 

/N  CO  ^^ 

I       I  CO  I      I 
HOXZ-'^^-X/CHo 

0-CH-[CH-0H]3-CH0 
CH3 

Barbaloin  was  thus  regarded  by  Leger  as  a  new  type  of  glucoside  which 
is  not  hydrolysed  by  dilute  acids. 

The  evidence  adduced  in  support  of  this  radical  change  in  the  formula 
of  barbaloin  is  by  no  means  conclusive.  No  analytical  proof  is  given 
in  support  of  this  change,  and  the  analytical  data  given  in  Leger's 
first  paper  (loc.  cit.)  agree  much  better  with  the  old  than  with  the  new 
formula.  The  most  important  evidence,  namely,  the  molecular  weight 
of  the  substance  or  a  closely  I'elated  derivative,  is  lacking,  but  the 
molecular  weight  of  a  crystalline  substance  formerly  described  as 
triacetyltrichlorobarbaloin  and  now  regarded  as  penta-acetyltetrachloro- 
barbaloin,  is  given.  Unfortunately,  the  details  of  the  experiment  are 
not  recorded.  No  detailed  evidence  is  furnished  of  the  identification 
of  the  sugar  formed,  and  it  is  merely  stated  that  a  la3vorotatory  syrup 
was  obtained  giving  all  the  reactions  of  an  aldopentose. 

In  a  later  paper  (./.  Pharin.  Chim.,  1904,  [vi],  20,  145),  Leger 
attempted  to  obtain  further  proof  of  the  presence  of  the  sugar,  which 
be  has  named  aloinoae,  and  indicated  that  he  obtained  a  crystalline 
oiiazone  which,  however,  does  not  appear  to  have  been  actually  isolated 
or  examined. 

AfMrhan  {Arch.  Phwvi.,  1903,  241,  341)  made  a  number  of  analyses 
of  carefully  purified  barbaloin,  frc>((  from  isobarbaloiu,  and  also  some 
molecular  weight  determination  of  barl)aloin  by  the  l)oiling  point 
method,  Ufling  acetone  as  the  solvent ;  liis  results  confirm  the  old 
formula,  either  0,„H,fl07  or  (^loH,/-)-. 
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In  view  of  the  conflicting  statements  made  regarding  barbaloin,  and 
especially  in  view  of  Leger's  results,  we  commenced  an  inquiry  into 
this  subject.  As  our  cooperation  in  this  work  has  been  interrupted, 
it  has  seemed  desirable  to  publish  the  results  thus  far  obtained,  and 
the  work  will  be  continued  by  one  of  us. 

The  results  of  numerous  analyses  and  of  two  molecular  weight 
determinationsof  carefully  purified  barbaloin  have  confirmed  the  formula, 
Cj,jHj^O-,  first  proposed  by  Tilden,  although  the  analytical  results  are 
not  very  different  from  those  require<l  for  Groenewald's  formula.  As 
our  I'esults  agree  liest  on  the  whole  for  the  formula  CY-HjgO^,  we  shall 
for  the  present  adopt  it.  This  formula  is  also  supjKjrted  by  the 
analysis  antl  molecular  weight  determination  of  tribromobarl»aloin. 
Leger's  conclusions,  with  regard  to  the  formula  C.,jH^O„  recently  pro- 
posed by  him  and  as  to  the  constitution  of  barbaloin,  must  therefore  be 
abandoned. 

We  have  carefully  repeatetl  Lager's  experiments  on  the  formation  of 
aloe-emodin  by  the  action  of  sodium  peroxide  on  barbaloin,  but 
although  the  conditions  were  varied,  no  aloe-emotlin  could  be  isolated. 
On  the  other  hand,  Oesterle's  experiments  on  the  action  of  hydrogen 
chloride  in  alcohol  on  barbaloin  and  the  formation  of  aloe-emoilin  were 
confirmed,  but  the  yield  of  the  latter  was  very  small  and  this  line  of 
inquiry  was  abamloned. 

Our  next  experiments  were  made  with  tribromobarbaloin  from 
which  a  well-define<l,  crystalline  tetra-acetyl  «lerivative  was  obtained. 
Tribromobarbaloin,  and  probably  barbaloin,  therefore  contains  four 
hydroxyl  groups.  Both  these  substances  yield  methylanthraceno  by 
distillation  with  zinc  dust. 

Whilst  we  are  unable  at  this  stage  of  the  inquiry  to  offer  any 
suggestions  as  to  the  constitutional  formula  of  barbaloin,  we  wish  to 
point  out  that  the  generally  accepted  view  that  it  contains  an  emo^lin 
(trihydroxymethylanthraquinone)  complex  is  open  to  serious  objection. 
If  it  contains  this  complex,  the  formula  may  be  written 

{[Cj,H,0,(CH3)(OH)3]CH,0(OH)}. 
and  it  is  difficult  to  see  how  so  many  hydrogen  atoms  as  are  containe<l 
in  the  complex  CH-0  can  be  introduced  into  any  possible  formula.  On 
the  other  hand,  the  formation  of  small  amounts  of  emotlin  and  other 
anthracene  derivatives  renders  it  probable  that  it  beai-s  .»<ome  relation 
to  this  parent  substance.  It  is  possible  that  it  is  not  a  derivative  of 
methylanthracene,  but  of  a  reduced  anthracene,  thus  accounting  for 
the  lai"ge  amount  of  hydrogen  contained  in  the  substance. 
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Experimental. 

Barbaloin  was  first  recrystallised  several  times  from  alcohol,  but  as 
the  melting  point  (145 — 150°)  of  the  dried  substance  was  not  very 
sharp,  the  purified  material  was  again  i^ecrystallised  from  various 
solvents  and  the  resulting  products  analysed.  The  solvents  employed 
were  (1)  alcohol,  (2)  ethyl  acetate,  (3)  methyl  alcohol,  (4)  water,  and 
(5)  chloroform. 

The  substance  was  in  each  case  dried  at  105 — 110^  until  of  constant 
weight. 

(1)  00782  gave  0171    COg  and  0*0402  HgO.  C  =  59-6  ;  H  =  57. 

(2)00976     „     0-213    CO,    „    00476  H2O.  C  =  59-5 ;  H  =  5-4. 

(3)0-133       „     0-2906  CO2    „    00675  HgO.  C  =  59-6  ;  H  =  5-6. 

(4)0-133       „     0-290    CO.,    „    0-0668  H2O.  C  =  59-5 ;  H  =  5-6. 

(5)0-1512     „     0-3312  CO2    „    0072    HgO.  C  =  59-7 ;  H  =  5-3. 

0-855  in  40  phenol  gave  M  -  0-51°.       M.  W.  =  310. 

0-394        „           „           A<- 0-235°.     M.  W.  =310. 

Of  the  three  formulae  previously  proposed 

CifiHjgO^  (Tilden)     requires  0  =  596  ;  H  =  5-6  per  cent.  M.  W.  =322. 
CjeHigOy  (Groenewald)  „       C  =  600;H  =  5-0       „  M.W.  =320. 

CjjHgoOg  (Leger)  „       C  =  60-6;H  =  4-8       „  M.W.  =416. 

These  results,  in  conjunction  with  those  of  Aschan  {loc.  cit.),  dis- 
prove L(5ger's  formula,  and,  whilst  not  excluding  the  formula  C^gHj^O^^, 
point  to  the  correctness  of  the  formula  CjoH^g^r  originally  pi'oposed 
by  Tilden,  A  determination  of  the  specific  rotation  in  90  per  cent. 
alcohol  solution  gave  the  following  result : 

ttD  -11';  Z  =  0-5dcm. ;  c=4-4;  [ajo  -8-3°. 

L^ger  found  in  ethyl  acetate  solution  [a]i,  -  10-4° 

Attempts  to  obtain  a  well-defined  crystalline  acetyl  derivative  with 
acetic  anhydride  were  unsuccessful,  and  we  were  unable  to  confirm 
Groenewald's  results  {loc.  cit.)  with  regard  to  the  two  substances 
described  as  triacetyl-  and  hexa-acetyl-barbaloins.  A  satisfactory 
derivative  was,  however,  obtained  by  acetylatiug  barbaloin  with  acet}  1 
chloride  and  crystallising  the  crude  product  from  light  petroleum.  As 
thus  obtained,  it  formed  a  light  yellow,  microerystalline  powder, 
insoluble  in  water,  but  soluble  in  alcohol ;  it  melted  at  95 — 96°,  was 
apparently  identical  with  (Iroonowuld'H  triacotylbarbaloin  (m.  p.  92°), 
and  gave,  on  analysis,  results  agreeing  with  those  obtained  by  Tilden 
and  by  Groenewald. 

0-1471  gave  0319  CO.^  and  0070  U.Ji).     C  =  59-l  ;  H  =  5-3. 
Tetra-acetyl barbaloin,  Cj^lljoOu,  requires  C  =  58-8;  H  =  5-3  per  cent. 
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Although  the  analytical  results  do  not  enable  one  to  differentiate 
between  the  different  acetyl  derivatives,  and  we  were  unable  to  find  a 
satisfactory  method  for  determining  the  acetyl  groups  present,  yet  the 
results,  taken  in  conjunction  with  those  obtained  with  tribromo- 
barbaloin,  point  to  the  deduction  that  the  substance  examined  was  a 
tetra-acetyl  derivative.  Attempts  to  prepare  crystalline  chloroacetyl, 
benzoyl,  and  methyl  derivatives  were  unsuccessful.  The  absence  of 
methoxyl  groups  was  confirmed. 

When  distilled  with  zinc  dust,  a  small  quantity  (0*6  per  cent.)  of  a 
liydrocarbon  was  obtained  which,  after  recrystallisation  from  alcohol, 
melted  at  199—200". 

00644  gave  022 12  CO..  and  0  0384  H^.     C-93-7;  H  =  6-6. 
CijHj.,  recjuires  0  =  93-7  ;  H  =»  63  per  cent. 

The  substance  was,  therefore,  methylanthi'acene. 

Sodium  peroxide  was  added  to  an  aqueous  solution  of  barbaloin 
according  to  the  details  given  by  Leger  {loc.  cit.),  and  also  under  vary- 
ing conditions,  but  in  no  case  could  a  substance  corresponding  to  aloe- 
emodin  be  isolated.  The  only  evidence  of  the  formation  of  an 
anthraquinoue  derivative  was  a  slight  coloration  produced  by  shaking 
the  benzene  extract  with  ammonia. 

When  barbaloin  was  treated  with  hydrogen  chloride  in  alcoholic 
solution  on  a  water- bath  in  a  reflux  apparatus,  a  very  small  quantity 
of  a  substance  having  the  properties  of  aloe-emodin  was  obtained  in 
addition  to  much  unchanged  barbaloin.  The  crystalline  substance, 
after  successive  crystallisations  from  glacial  acetic  acid  and  toluene, 
melted  at  216 — 218°,  and  would  thus  appear  to  l)e  identical  with  the 
aloe-emodin  described  by  Oesterle  (loc.  cit.).  The  yield  of  pi*oduet 
was  extremely  small  and  all  attempts  to  improve  it  were  unsuccessful. 

Trihromohiirhaioin,  Cj^Hj^O-BTj. 

As  the  experiments  with  barbaloin  did  not  give  very  promising 
results,  the  tribromo-derivativo  was  prepared  and  examined.  It  melted 
at  191 — 192"^  and  agreed  in  all  respects  with  the  compound  described 
by  Groenewald  {loc.  cit.). 

00932  gave  01165  COj  and  0024  H^O.     C  =  34-1  ;  H  =  2-9. 
01732     „     01744  AgBr.     Br  =  42-9. 
0-318  in  40  phenol  gave  A<  -  O'l  P.     M.  W.  =  535. 
CieHisO-Br^  requires  C  =  343 ;  H  =  27 ;  Br  =  429  per  cent.  M.  W.  =  559. 

Tetra-acetyUrihromoharhidoiny  C\gHiiO;Brj(C2H30)^,was  prepared  by 
boiling  barbaloin  with  five  to  six  times  its  weight  of  acetyl  chloride  in 
a  reflux  apparatus  for  half  an  hovu*. 
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The  crude  product,  obtained  by  distilling  off  the  acetyl  chloride  and 
treating  the  residue  with  water,  was  recrystallised  from  70  per  cent, 
alcohol;  it  formed  small,  yellow  needles  melting  at  135°,  and  soluble 
in  alcohol  but  insoluble  in  water. 

0-1332  gave  01906  COg  and  0-0368  H2O.     C  =  39-0  ;  H  =  3-1 . 
0-211       „     0-1656  AgBr.     Br  =  33-4." 
0-2044     „     0-1602  AgBr.     Br  =  33-3. 

Cj^HggOuBrg  requires  C  =  396  ;  H  =  31  ;  Br  =  33-0  per  cent. 

The  difference  in  the  amount  of  bromine  contained  in  the  several 
acetyl  derivatives  which  are  possible,  and  the  well-defined  crystalline 
character  of  the  compound,  enable  the  composition  of  this  substance 
to  be  determined  with  certainty. 

Tribromobarbaloin  must  therefore  contain  four  hydroxyl  groups, 
and  barbaloin  in  all  probability  also  contains  this  number. 

Attempts  to  methylate  tribromobarbaloin  with  sodium  and  methyl 
iodide  were  unsuccessful.  Treatment  with  alcoholic  hydrogen  chloride 
also  gave  a  negative  result,  and  in  both  these  cases  the  gi-eater  part 
of  the  original  substance  was  recovered  unchanged.  When  distilled 
with  zinc  dust,  methylanthracene  (m.  p.  199 — 200°)  was  obtained. 

Numerous  experiments  have  been  made  with  both  barbaloin  and  its 
tribromo-derivative  with  various  oxidising  agents  and  by  fusion  with 
potassium  hydroxide,  in  order  to  obtain  a  reasonable  amount  of  definite 
degradation  products,  but  hitherto  without  success. 

The  "NVellcome  CHEMiCAii  Research  Laboratories, 
London,  E.O. 


XCJ. — The  dmstihients  of  the  Seech  of  Ilydnocarpns 
WujJitiana  and  of  llydiiocarpus  anthelmintica. 
Isolation  of  a  Homolotjne  of  Chaulmoogric  Acid, 

By  Frkdbrick  Bbldinq  Power  and  Marmaduke  Barrowcliff. 

Im  a  previous  paper  (Trans.,  1904,  86,  838),  one  of  us,  in  conjunction 
with  Mr.  F.  H.  Qornall,  gave  an  account  of  an  investigation  of 
chaulmoogra  seeds  (from  Taraktoijenos  Kurzii,  King),  which  afford 
the  chaulmoogra  oil  of  coniraorce.  The  fatty  oil  from  the  seeds  was 
flhown  to  conHJHt  chiefly  of  tlio  glyceryl  esters  of  members  of  a 
homologouH  HerioH  of  ncidH  of  an  entirely  new  type.  The  acids  of  this 
HorieM  have  the  general  formula  C)„U.^„_^O.j,  but  contain  only  one 
ethylenic  linking,  and  therefore  muHt  nocossarily  pORsoHS  an  alicyclic 
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grouping ;  they  are  also  characterised  by  their  optical  activity.  One  of 
these  acids  was  isolated  in  a  pure  state,  was  shown  to  have  the  formula 
CjjjHg.Pj.  and  was  designated  chaulmoogric  acid  (compare  Power  and 
Gorna'll,  Trans.,  1904,  85,  851). 

The  fatty  oils  from  the  seeds  of  two  species  of  Hi/dnocarjms,  namely, 
//.  Wtghtiana  (Blume)  and  //.  antMvuntica  (Pierre),  which  belong 
to  the  same  natural  order  as  Taraktogenos,  have  long  been  used  in 
Western  India  aud  in  China  respectively  for  the  same  medicinal 
purposes  for  which  chaulmoogra  oil  is  employed. 

Hydnocarpm  Wightwna  (Blume)  is  the  designation  of  a  tree 
indigenous  to  the  Western  Peninsula  of  India,  from  South  Concan  to 
Travancoro.  The  oil  from  the  seeds  has  been  brought  to  the  notice  of 
Europeans  as  a  substitute  for  chaulmoogra  oil,  and  has  been  used  in 
the  Bombay  Presidency  with  satisfactory  results.  The  seeds  are  not 
an  article  of  commerce. 

Jli/dnocarjma  anthdmintlca  (Pierre)  is  a  tree  indigenous  to  biam,  the 
seeds  of  which  are  exported  to  China  under  the  name  of  "Lukrabo," 
and  are  known  in  the  latter  country  as  •♦  Ta-fung-tsze "  (compare 
rharinacogruphia  Indka,  Vol.  I,  pp.  140,  148,  and  Pharm.  J.,  1000, 
64,  522). 

In  view  of  the  interesting  facts  elicited  by  the  investigation  of 
chaulmoogra  seeds  (Joe.  cit.)  and  the  considerations  referred  to,  it 
seemed  desirable  that  the  seeds  of  the  above-mentioned  two  species  of 
Hydnocarpus  should  also  be  chemically  examined,  more  especially  with 
regard  to  the  constituents  of  their  fatty  oils,  and  the  present  com- 
munication embodies  the  results  which  have  been  obtained. 

It  may  be  briefly  stated  that  the  fatty  oils  from  the  seeds  of 
H.  Wightiaiia  (Blume)  and  of  H.  antfiel  mint  tea  (Pierre)  very  closely 
resemble  chaulmoogra  oil  both  in  their  physical^characters  and  in  their 
chemical  composition.  The  acids  obtained  from  the  respective 
Hydnocarpus  oils  consist  chiefly  of  chaulmoogric  acid  and  a  lower 
homologue  of  the  same  series,  the  latter  having  been  isolated  from  both 
oils  and  now  also  from  chaulmoogra  oil.  This  new  acid  has  the 
formula  Cj^jHo^^Oo,  and  is  designnted  hydnocarpic  acid. 

liydnocarpic  acid  crystallises  fi*om  alcohol  in  glistening  leaflets, 
melts  at  60°,  and  has  [a]o  +  68^^  in  chloroform  solution.  Like 
chaulmoogric  acid,  it  contains  only  one  ethylenic  linking,  and  there- 
fore, in  consideration  of  its  formula  CjgH2802(C„H on .402),  must  possess 
an  alicyclic  grouping. 

The  seeds  of  the  two  species  of  Ilydnocarpiis,  like  chaulmoogra 
seeds,  contain  smaller  amounts  of  other  substances,  but  these  are 
of  minor  interest  as  compared  with  that  attaching  to  chaulmoogric 
and  hydnocarpic  acids,  and  the  recoi-d  of  theii*  identification  will  be 
found  in  the  experimental  section  of  the  paper. 
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Experimental. 

I.     The  Constituents  q/ the  Seeds  qf  Hydnocarpus  Wightiana 

[Bluvie). 

The  seeds  of  Hi/dnocarpus  Wightiana  not  being  an  article  of  com- 
merce, a  quantity  of  them  was  obtained  for  us  in  India,  and  we  have 
further  assured  ourselves  of  their  genuineness. 

Immediately  on  their  arrival,  several  of  the  seeds  were  crushed, 
brought  into  contact  with  water,  and  the  mixture  allowed  to  remain 
in  a  corked  flask  for  some  hours.  As  no  hydrogen  cyanide  was 
developed,  it  was  evident  that  they  contained  no  cyanogenetic 
glucoside  at  the  time  of  their  examination  by  us,  although  such  a 
substance  may  have  existed  in  them  at  an  earlier  period  (compare 
Power  and  Gornall,  Trans.,  1904,  85,  840). 

In  order  to  obtain  the  fatty  oil,  the  kernels,  which  represented  75 
per  cent,  of  the  weight  of  the  seeds,  were  subjected  to  powerful 
hydraulic  pressure.  This  treatment  afforded  an  amount  of  a  fatty  oil 
and  of  a  "press-cake"  equivalent,  respectively,  to  32'4  and  354  per 
cent,  of  the  weight  of  the  entire  seeds.  By  completely  extracting  the 
total  powdered  seed  with  ether,  41*2  per  cent,  of  oil  was  obtained. 

The  Fatty  Oil. 

The  oil  from  the  seeds  of  Hyduocarpus  Wightiana,  like  true 
chaulmoogra  oil  (from  Taraktogenos  Kurzii,  King),  is,  at  the  ordinary 
temperature,  a  soft  solid,  having  a  faintly  yellow  colour  and  a 
characteristic  odour.     It  gave  the  following  values  : 

Expressed  oil.  Oil  extracted  by  ether. 

Melting  point 22—23°  22—23° 

Specific  gravity  0958  at  25°  0959  at  25° 

[ojoinchlorofoim     +57-7°  +562° 

Acid  value 3-8  7'4 

Saponification  value  207'0  2070 

Iodine  value   1013  1025 


Ifydrulyais  of  the  Fatty  Oil. 

One  hundred  grams  of  the  oil  were  hydrolysed  with  alcoholic 
poiaisiuni  hydroxide,  the  alcohol  rentoved,  and  the  residue  mixed  with 
•and,  dried,  and  extracted  with  light  petroleum.  I'lio  latter  yielded  a 
mnall  lunouiit  of  an  oily  roKiduo  ;  this  was  di-sHolved  in  warm  alcohol, 
and  on  cooling  the  solutiuu  a  subbtauce  separated,  which,  on  recrys- 
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tallisation  from  ethyl  alcohol,  formed  glistening  needles  melting  at 
132—133° 

00266  gave  00812  CO.,  and  00292  HjO.     C-83-3  ;  H  =  12-2. 
C^gll^^O  requires  C  =  83  9  ;  H  =  11  8  per  cent. 

The  colour  reactions  of  this  substance  conHrmed  its  identity  as 
I)hytosterol. 

TIte  Fatty  Acids. 

The  potassium  salts  obtained  by  the  above  hydrolysis  were  dissolved 
in  water,  the  liquid  acidified  with  sulphuric  acid,  and  the  liberated 
fatty  acids  taken  up  by  ether.  The  ethereal  solution  was  then  washed, 
dried,  and  the  ether  removed,  the  last  traces  of  the  latter  being 
eliminated  by  heating  the  residual  oil  at  100°  for  some  time.  On 
cooling,  a  hard,  white  cake  was  obtained,  representing  the  total  fatty 
acids.  Those  gave  the  following  values:  melting  jx)int,  41  —  44'^; 
[a]i,  in  chloroform  +  604° ;  acid  value,  214*0  ;  iodine  value,  106*3. 

For  the  investigation  of  the  mixture  of  fatty  acids,  1000  grams  of 
the  fat  were  hydrolysed,  the  aqueous  solution  of  the  potassium  salts 
acidified,  and  the  solid  cake  of  acids  collected,  washed  with  water, 
drained  at  the  pump,  and  then  dried  between  filter  paper.  The  aqueous 
filtrate  from  the  fatty  acids  was  distilled  in  steam,  and  from  the  acid 
distillate  a  barium  salt  was  prepared.  The  latter  was  very  small  in 
amount  and  consisted  of  the  stilts  of  acetic  and  butyric  acids. 

The  solid  mixture  of  acids  was  fractionally  crystallised  from  alcohol. 
The  first  crystalline  crop  which  separatod  fi*om  the  alcoholic  solution 
of  the  whole  of  the  acids  from  the  1000  gi-ams  of  fat  weighed  200  grams 
and  melted  at  46 — 48°.  On  further  crystallisation,  however,  from 
alcohol  and  from  ethyl  acetate,  it  was  obtained  in  the  form  of  glisten- 
ing leaflets  having  the  constant  melting  point  of  67 — 68°  and  giving 
the  following  results  on  analysis  : 

0*0792  gave  02230  CO.,  and  00810  H.p.     C  =  76*8  ;  H  =  1 1*4. 
01030     „     0*2904  CO^    „   01056  H.O.     C  =  76*9  ;  H  =  11-4. 

Ci^HjoO^,  i-equires  C  =  77*1 ;  H  =  1 1  -4  per  cent. 
0*1412  absorbed  6*1270  iodine.     1  =  900. 

CjgHgjOg,  with  one  ethylenic  linking,  requires  I  —  90*6  per  cent. 
1*2032,  in  alcohol,  requiied  NaOH  equivalent  to  42*7  c.c.  of  a  deci- 
uormal  solution,  which  is  the  calculated  amount  for  C^gllg^Oj. 

A  solution  of  1*8127  in  chloroform,  made  up  to  25  c.c,  gave  in  a 
Idem,  tube  oi,  +4°15',  whence  [a]i,  +58*6°, 

It  was  thus  shown  that  this  acid  melting  at  67 — 68°  was  in  all 
respects  identical  with  chaulmoogric  acid,  first  obtained  by  Power  and 
Gornall  {loc.  cit.)  fi*om  chaulmoogra  oil  (from  the  seeds  of  I'araktogenos 
Kurzii,  King). 
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The  alcoholic  mother  liquor  from  the  above-mentioned  first  crystal- 
line crop  afforded,  by  successive  concentrations,  several  further  crops  of 
crystals,  and  then  a  final  mother  liquor.  The  latter,  although  still 
containing  a  considerable  amount  of  substance  in  solution,  deposited 
nothing  further  of  a  crystalline  character.  The  treatment  of  this 
mother  liquor  is  subsequently  described. 

The  further  crops  of  crystalline  acids  were  then  subjected  to  a 
systematic  and  extended  process  of  fractional  crystallisation.  All  the 
fractions  so  obtained  were  found  to  melt  approximately  at  48 — 50°, 
but  when  sepai*ating  from  solution  they  presented  an  appearance 
which,  although  identical  for  all  the  fractions,  did  not  satisfy  us  that 
we  were  dealing  with  an  individual  acid.  Moreover,  evidence  of  a 
quantitative  nature  indicated  that  the  above  fractions  consisted  of  a 
molecular  mixture  of  chaulmoogric  acid,  CjjjHg.jO^,  and  a  homologous 
acid  having  the  formula  C^^H^gOg.  This  supposition  was  subsequently 
verified,  for  it  has  been  possible  to  separate  these  acids  by  resorting  to 
a  process  of  fractional  precipitation  and  crystallisation  of  their  barium 
salts. 

Isolation  of  a  Homologue  of  CJutulmoogric  Acid — Hydnocarjnc  Acid, 

Two  hundred  and  fifty  grams  of  the  above  fractions  melting  at 
48 — 50°  were  dissolved  in  1  litre  of  alcohol.  To  this  solution  there 
was  added  a  solution  of  25  grams  of  barium  acetate  in  the  smallest 
possible  quantity  of  water,  the  amount  of  barium  acetate  thus  employed 
being  suflScient  to  convert  one-fifth  of  the  total  weight  of  the  fatty 
acids  into  barium  salts.  The  fraction  of  barium  salts,  which  was  at 
once  precipitated  as  a  sticky  mass,  was  then  dissolved  by  heating  the 
liquid.  On  cooling,  it  again  separated,  but  in  a  crystalline  form  ;  it 
was  collected  at  the  pump  and  washed  with  alcohol.  The  mother 
licjuor  from  this  first  fraction  of  barium  salts  was  then  treated  with 
another  25  grams  of  barium  acetate,  and  a  second  fraction  of  barium 
Halts  obtained  in  precisely  the  same  manner  as  was  the  first.  The  whole 
process  was  then  twice  repeated,  and  the  remaining  one-fifth  of  the 
acids,  not  being  converted  into  barium  salts,  was  obtained  by  removing 
the  solvent. 

Tlie  four  fractions  of  barium  salts  and  the  acids  from  the  mother 
li(}Uor  from  the  fourth  fraction  of  thoBo  salts  were  res[)ectively  digested 
with  dilute  hydrochloric  acid.  The  regenerated  acids  were  tlien  dis- 
Holved  in  ether,  the  ethereal  solutions  washed,  dried,  the  ether  removed, 
and  tlie  residues  recrystallised  from  alcoliol.  The  melting  points  of 
the  several  fractions  of  acids,  placed  in  the  order  in  which  the  latter 
were   obtained,    were   au   follows:    (1)    53—55";    (2)    GO — 02";    (3) 
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46—47'";  (4)53—55°;  (5)56—58°.  Fraction  (2),  on  recrystallisa- 
tion  from  alcohol,  gave  cbaulmoogric  acid  melting  at  67 — 68*^. 
Fractions  (4)  and  (5)  were  combined  and  recrystallised  from  alcohol. 
The  recrystallised  acid  then  melted  at  59 — 60'',  was  in  the  form  of 
lustrous  lejiflets,  and,  on  further  crystiillisation  from  alcohol  or  ethyl 
acetate,  its  melting  point  remained  unchanged. 

0  1018  gave  02833  CO^  and  0-1022  HjO.     C  =  75-9;  11  =  11-2. 
01056     „     0-2945  COj,,     01052  HjO.     C  =  76-1;H  =  1M. 
CigHggO^,  requires  C  =  76-2;  H=-lll  percent. 

0-3749  required  NaOH  equivalent  to  14*8  c.c.  of  a  deciuormal  solu- 
tion, which  is  the  calculated  amount  for  Cj^HjgO^. 
0-2608  absorbed  0261 2  iodine.     1  =  100-2.  ' 
Cj^HjgOj,  with  one  ethylenic  linkiug,  requires  I  —  100-7  per  cent. 

The  silver  salt  w^s  prti«red  and  analysed  : 

0-2724  gave  00815  Ag.     Ag  =  299. 
0-1700     „     0-3296  CO,,  01138  H,0,  and  00510  Ag. 
0  =  52-9;   H  =  7-4;  Ag  =  300. 
Cj^Hjj^OoAg  requires  C  =  53-5  ;  H  =  75  ;  Ag  =  30-1  per  cent. 

It  was  thus  shown  that  this  acid,  melting  at  59 — 60°,  has  the  formula 
CijjHggOg,  contains  only  oLe  ethylenic  linking,  and  therefore  must 
possess  a  closed  carbcn  ring.  In  other  words,  it  is  a  lower  homologue 
of  chaulmoogric  ucid,  and  belongs  to  the  same  type  as  the  latter.  We 
have  designated  this  new  acid  hydnocarpic  acid. 

Hydnocarpic  acid,  like  chaulmoogric  acid,  is  optically  active. 

A  solution  of  13063  in  chloroform,  made  up  to  25  c.c.,  gave  in  a 
Idem,  tube  a^  +  3''34',  whence  [a]u  +68-1°. 

Hydnocarpic  acid  is  only  sparingly  soluble  in  the  cold  in  the  usual 
organic  solvents,  with  the  exception  of  chloroform, in  which  it  is  easily 
soluble.  An  aqueous  solution  of  its  sodium  salt  at  once  decolorises 
permanganate  in  the  cold.  Like  chaulmoogric  acid,  it  remains  un- 
attacked  by  fused  jx)tassium  hydroxide,  evtn  at  250°.  The  following 
derivatives  of  the  acid  were  prepared  and  characterised. 

MeUiyl  HydnocarjxUe,  CjjHo^'CKDjMe. 

Five  grams  of  hydnocarpic  acid  were  dissolved  in  25  c.c.  of  methyl 
alcohol  and  5  grams  of  sulphuric  acid  slowly  added,  when  the  ester 
soon  separated  as  an  oil.  After  the  mixture  had  been  allowed  to 
stand  for  some  hours,  water  was  added,  the  oil  takt  n  up  with  ether, 
the  ethereal  solution  washed  with  sodium  carbonate,  then  with  water, 
dried,  the  ether  removed,  and  the  ester  distilled  under  diminished 
pressure. 
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Methyl  hydnocarpate  boils  at  200 — 203°  (corr.)  under  19  mm. 
pressure,  and  is  a  colourless  oil,  which,  however,  solidifies  when  cooled, 
forming  a  mass  of  colourless  crystals,  melting  again  at  8°. 

00973  gave  0-2739  COg  and  0-0988  HgO.     0  =  768;  H  =  ll-3. 
Cji^HgoOg  requires  C  =  76*7  ;  H  =  11"3  per  cent. 

A  solution  of  0-9818  in  chloroform,  made  up  to  25  c.c,  gave  iu  a 
1-dcm.  tube  ao  +  2°27',  whence  [a]u  +  62-4°. 

Ethyl  Uydnocarjyate,  CjgHg^-COgEt. 

This  substance  was  prepared  in  the  same  manner  as  the  methyl 
ester  ;  it  boils  at  211°  (corr.)  under  19  mm.  pressure,  and  is  a  colour- 
less oil. 

0-0955  gave  02689  CO^  and  00976  H2O.     C-76-8  ;  H  =  11-4. 
C^jjIlggOo  requires  C  =  77-l  ;  H  =  11-4  per  cent. 

A  solution  of  0*5087  in  chloroform,  made  up  to  25  c.c,  gave  in  a 
I  dcm.  tube  tti,+  1°3',  whence  [a]i,  +  51-6°. 

IIi/dnocar2>amide,  CjjHjy  •  CO  *  N  Hg. 

Five  grams  of  the  acid  were  warmed  with  a  slight  excess  of  phos- 
phorus trichloride.  The  acid  chloride  was  then  dissolved  iu  ether  and 
this  solution  slowly  added  to  50  c.c.  of  concentrated  ammonia  solu- 
tion, cooled  to  0°.  The  solid  amide,  which  was  at  once  formed,  was 
collected,  washed  with  water,  with  dilute  sodium  hydroxide,  again 
with  water,  and  then  recrystallised  from  ethyl  alcohol. 

Hydnocarpamide  separates  from  alcohol  in  clusters  of  fine,  colour- 
less needles  which  melt  at  112 — 113°. 

0-0995  gave  0-2787  COj  and  0  1054  HjO.     C-76-4  ;  H  =  ll-8. 
C,„H.^ON  requires  C  =  76  5  j  H=  11-6  per  cent. 

A  solution  of  06947  in  chloroform,  made  up  to  25  c.c,  gave  in  a 
1-dcm.  tube  uu -f- 1°57'  at  30°,  whence  |  ajS'^-f  70-2°. 

7'/ta  Alcoholic  Mother  Liquor  from  C/iaulmoogric  and  Ilydnocarpic 

Acidt. 

It  wnR  stated  on  p.  888  that  after  separating  from  the  alcoholic 
Holution  of  the  fatty  acidw  hovonil  cryKtallino  crops,  which  subse- 
quently nfTorded  chaulinoogric  and  hy(lnocarj)ic  acidn,  there  remained 
a  final  mother  liipior  which  deposited  nothing  further  in  a  cryhtitlline 
form,  HJthongh  Hiill  containing  an  appreciable  qmintity  of  acids  iu 
•olutioo.     Od  the  a<lditiun  of  water,  theue  acids  separated  in  an  oily 
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condition.  They  were  dissolved  iu  ether,  the  ethereal  bolution  washed, 
dried,  and  the  ether  removed.  The  residual  oil,  on  standing,  deposited 
a  small  amount  of  solid  acids.  The  latter  were  collected  at  the  pump, 
drained  on  porous  earthenware,  and  distilled,  when  the  whole  passed 
over  at  220 — 225°  under  20  mm.  pressure. 

01327  gave  0-3690  COj  and  01302  H^O.     C  =  75-9  ;  H  =  10-9. 
OjgHgjO.i  requires  C  =  77  1;  H  —  114  per  cent. 
CieHogO.;        „        C  =  76-2;H-11-1       „ 
Ci,H,,Oj       „        C  =  750;  H  =  10-7       „ 

0-2456  absorbed  02638  iodine.     I  =  107-4. 

CjgHg.^Oj,  with  one  ethylenic  linking,  requires  1=    90*6  per  cent. 

16      28     2'       •'  •'  "  "  "  1  =  1UU-|  ,, 

14      24     2'       ''  "  "  "  "  i- =^  iiO  "T  f, 

A  solution  of  0-8902  iu  chloroform,  made  up  to  25  c.c,  gave  in  a 

Idem,  tube  aD  +  2°,  whence  [a]o  +  56-l°. 

The  solid  fraction,  which  was  obviously  a  mixture,  since  it  could 
not  be  crystallised,  would  ap[)ear  to  consiht  of  chaulmoogric  and 
hydnocarpic  acids,  together  with  a  still  lower  homologue  of  the  same 
series  having  the  formula  Cj^Hj^Oj. 

The  filtrate  from  the  above  solid  fi*actiou  amounted  to  38  grams. 
It  was  distilled  under  20  mm.  pressure,  aud  the  following  fractions 
were  collected. 

Fraction  boiling  at  220 — 225°/20  mm. — This  was  at  first  wholly  an 
oil,  but  after  a  time  an  amount  of  solid  acids  separated. 

0-2408  absorbed  03109  iodine.     I  =  1291  per  cent. 

Its  specific  rotatory  power  in  cbloi*oform  was  [a]0  +  4r9°. 
Fraction  boiling  at  225 — 230°/20  mm. — This  was  similar  to  the  pre- 
ceding fi'action. 

0-3673  absorbed  04815  iodine.     1  =  131-1  per  cent. 

Its  specific  rotatory  power  in  chloroform  was  [a]B  +  46  6°. 
Fraction  boiling  at  230 — 235°/20  mm. — This  was  the  largest  of  these 
fractions,  aud  on  standing  it  also  partly  solidified. 

0-1193  gave  0-3401  COj  and  01212  H^O.     0  =  766  ;  H=  11  0. 
0-2330  absorbed  03279  iodine.     I  =  1407  per  cent. 

Its  specific  rotatory  power  in  chloroform  was  [a]o  +  50'4°. 

These  three  fractions,  in  view  of  their  high  sf>ecific  rotatory  powers, 
would  still  appear  to  contain  a  large  proportion  of  the  members  of  the 
chnulmoogric  acid  series,  but  their  percentage  iodine-absorption  values, 
which  are  appreciably  higher  than  that  requin  d  for  an  acid  of  the 

3  O  2 
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formula  Cj^Hg^Oo  of  the  latter  series,  iadicate  that  they  also  contain  an 
acid  or  acids  belonging  to  the  linolic  or  linolenic  acid  series. 

There  was  no  evidence  of  the  occurrence  of  palmitic  acid  in  the 
fatty  oil  from  Hydnocarpus  Wightiana,  and  in  this  respect  it  differs 
from  the  oil  from  Taraktogenos  Kurzii,  which  contains  an  appreciable 
amount  of  this  acid. 

Examination  of  the  "  Preas-cake." 

The  "  press-cake,"  which  remained  after  the  greater  part  of  the 
fatty  oil  had  been  removed  from  the  seeds  by  expression,  was  com- 
pletely extracted  with  hot  alcohol.  The  greater  part  of  the  alcohol 
was  then  removed,  when  a  brown,  pasty  solid  was  obtained.  Two 
kilograms  of  the  latter  were  distilled  in  steam,  and  the  distillate, 
which  contained  a  small  amount  of  suspended  oil,  was  neutralised  with 
baryta  water  and  extracted  with  ether.  On  removing  the  ether,  a 
limpid,  odorous  oil  was  obtained,  but  which  was  too  small  in  amount 
to  admit  of  further  examination.  The  aqueous  liquid  afforded  a  very 
small  quantity  of  a  barium  salt,  which  was  found  to  consist  of  a 
mixture  of  barium  fui-mate  and  butyrate.  The  liquid  in  the  steam- 
distillation  flask  consisted  of  two  layers,  one  being  a  fatty  oil  and  the 
other  a  dark  aqueous  liquid.  On  cooling,  the  fatty  oil  solidified. 
The  aqueous  liquid  was  separated  by  means  of  a  lineu  strainer,  and 
was  quite  free  from  any  suspended  oil.*  It  was  digested  with  animal 
charcoal  and  concentrated  to  a  syrupy  tousisteiice,  but  nothing  crystal- 
line separated,  even  on  long  standing.  It  contained  a  large  amount 
of  t-ghicose,  for  it  readily  afforded  a  phenylglucosazone  melting  at 
216°,  and  also  much  proteid  matter. 

Isolation  qf  a  llydrolytic  Enzyme. 

A  portion  of  the  "  press-cake  "  was  digested  with  water  and  the 
filtered  liquid  mixed  with  twice  its  volume  of  alcohol.  After  some 
hours,  the  precipitate  was  collected,  washed  with  alcohol,  dried  over 
sulphuric  acid,  and  reduced  to  a  powder.  Tlie  yield  of  this  substance 
was  about  2  per  cent,  of  the  weight  of  the  "  press-cake."  It  readily 
effected  the  hydrolysis  of  both  amygdaliu  and  potassium  myronate. 

•  In  the  cxamiiialion  of  the  "  press-cako "  from  cliauhnoogia  seeds  (Power  and 
Goruall,  loc,  cit.,  p.  842),  tlio  aqut;ou8  liquid  whicli  passed  through  the  strainer 
contained  an  oil  in  susiicnsion.  It  was  stated  thai  the  latter  was  liyiholysod  with 
potawiuni  hydroxide,  and  that,  on  subscqueiitiy  extracting  with  ether,  an  oil  was 
obtftiued.  The  latter  was  regarded  as  a  substance  which  could  be  neither  an  acid 
noraDMter.  Wo  have  since  found  that,  inadvertently,  an  insullicient  amount  of 
poUnaium  hydroxide  was  oniidoye<l,  and  that,  therefore,  the  hydrolysis  was  not 
quit«  complete.  The  oil  which  was  thus  oi)taiiied  has  been  ascertained  to  consist  of 
ethyl  eaters,  formed  from  the  fatty  acids  during  the  extraction  of  the  "  [»ress-cak«  ' 
with  alcohol. 
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II.    27te  Constituents   of  the   Seeds  of  Hydnocarpua 
anthelmintica  {Fierre). 

A  large  quantity  of  these  seeds  was  obtained  for  us  in  Siam,  and 
their  genuineness  verified. 

Wl»en  the  kernels  from  20  grams  of  the  seeds  were  crushed  and 
mixed  with  water,  a  distinct  odour  of  hydrogen  cyanide  was  soon 
developed,  thus  indicating  th^t  they  contained  a  cyanogenetic  gluco- 
side.  An  attempt  was  accordingly  made  to  isolate  tliis  substance 
from  2  kilograms  of  the  seeds,  employing  the  same  method  as  was 
successful  in  obtaining  gynocardin  from  the  seeds  of  Gynocardia 
odorata,  R.Br.  (Power  and  Lees,  Trans.,  1905,  87,  352).  The  amount 
of  glucoside  present  was,  however,  very  small,  and  nothing  crystalline 
was  obtained. 

The  .seeds  were  first  divested  of  their  shells,  which  represented 
68  8  per  cent,  of  their  weight.  The  kernels  were  then  subjected  to 
hydraulic  pressure,  and  afforded  an  amount  of  a  fatty  oil  and  of  a 
"press-cake"  equivalent,  respectively,  to  I6*3  and  15  per  cent,  of 
the  entire  seeds.  By  completely  extracting  the  total  powdered  seed 
with  ether,  17 '6  per  cent,  of  oil  was  obtained. 

The  Fatty  Oil. 

The  oil  from    the   seeds  of    Hydnocarpus   anthelmintica  is,  at  the 

ordinary  temperature,  a  neaily  colourless,  firm  solid,  having  the  same 

characteristic  odour  as  is  possessed  by  both  chaulmoogra  oil  and  that 

from  the  seeds  of  //.    Wiyhtiana.     Its  values  were  determined  with 

the  following  results : 

Expressed  oil.  Oil  extracted  by  ether. 

Melting  point 24—25°  23—24" 

Specific  gravity  0  953  at  25°  0  952  at  25° 

[a]u  in  chloroform  +  525°  +51° 

Acid  value  7*5  81 

Saponification  value  ...  2120  2080 

Iodine  value   86'4  82'5 

Hydrolysis  qf  tlie  Fatty  Oil. 

One  hundred  grams  of  the  oil  were  hydrolysed  with  alcoholic 
potassium  hydroxide,  and  the  product  extracted  with  light  petroleum 
in  the  manner  described  on  p.  886.  The  residue  from  the  petroleum 
was  exceedingly  sruall  in  amount.  After  several  crystallisations  from 
alcohol,  it  was  obtained  iu  the  form  of  glistening  crystals  melting  at 
132 — 133°,  and  was  identical  with  the  phytosterol  obtained  from  the 
seeds  of  Hydnocarpus  Wightiana. 
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The  Fatty  Acids. 

From  the  potassium  salts  afforded  by  the  above  hydrolysis,   the 
mixture  of   total  fatty  acids  was  obtained  in  the  same  manner  as 
described  on  p.  887.      It  formed   a  hard,  white  solid  and  gave  the 
following  values  :  melting  point,  42 — 43°  ;  \_a\x>  ^^  chloroform,   +  53'6°  ; 
acid  value,  202*5  ;  iodine  value,  87*8. 

For  the  identification  of  the  constituents  of  this  mixture  of  acids 
1000  grams  of  the  fat  were  hydrolysed  with  alcoholic  potassium 
hydroxide.  The  aqueous  solution  of  the  potassium  salts  was  acidified, 
the  resulting  cake  of  solid  :.cids  separated  and  washed,  and  the  filtrate 
from  the  latter  distilled  in  a  current  of  steam.  From  the  acid 
distillate,  a  barium  salt  was  prepared,  which  was  very  small  in 
amount,  and  was  found  to  consist  of  a  mixture  of  barium  formate  and 
acetate. 

The  solid  mixture  of  acids,  weighing  about  850  grams,  was  frac- 
tionally crystallised  from  alcohol,  just  as  in  the  case  of  the  acids  from 
Ilydnocarpus  Wightiana,  and  a  quantity  of  a  pure  acid  melting  at  68° 
was  thus  obtained.     This  proved  to  be  chaulmoogric  acid. 

01168  gave  0-3304  CO.,  and  0-1202  H2O.     C  =  77-l ;  H=ll-5. 
^18^32^2  requires  C  =  77-l ;  H  =  ll-4  per  cent. 

A  solution  of  1-2014  in  chloroform,  made  up  to  25  c.c,  gave  in  a 
1-dcm.  tube  ao  +  2°52',  whence  [a]D  +  59-5°. 

The  alcoholic  mother  liquor  from  the  chaulmoogric  acid  afforded  a 
quantity  of  a  substance  melting  at  about  48°,  which  was  apparently 
identical  with  the  molecular  mixture  of  chaulmoogric  and  hydnocarpic 
acids  obtained  by  the  crystallisation  of  the  acids  from  llydnocarpus 
Wightiami  (p.  888).  Just  as  in  the  latter  instance,  these  two  acids 
were  separated  by  fractionally  precipitating  and  crystallising  their 
barium  salts.     The  hydnocarpic  acid  thus  obtained  molted  at  59 — 60°. 

01330  gave  0-3698  COo  and  0-1336  HgO.     0=75-9  ;  H  =  ll-2. 
0-1224     „     0-3405  CO2    „    0-1230  HgO.     C  =  75-9 ;  H  =  11-2. 
CmHggOa  requires  C  =  762  ;  H  =  IM  per  cent. 

0-2329  absorbed  0-2336  iodine.     I  =  100-3. 

C,„n.^/J2,  with  one  othylenic  linking,  roiiuires  I  =  1007  per  cent. 

A  solution  of  0*68  in  chloroform,  made  up  to  25  c.c,  gave  in  a 
1-dcm.  tul)c  «„  +r5T,  whence  |a]„  +68'^. 

Thfj  alcoholic  mother  liquor  from  the  mixture  of  chaulmoogric  and 
hydnocarpic  ncidfl,  which  deposited  nothing  further  of  n  crystalline 
chunicter,  was  diliito<l  with  water,  Tli(»  r(>Hnlting  oily  inixtiiro  of  acids 
was  diMMolvod   in   ether,  the  othoroal   .solution    washH<l,  dried,  and  the 
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ebiier  removed.  The  residual  oil  was  then  distilled  uuder  dimiui8hed 
pressure,  when  it  passed  over  between  21-t'  and  234°/ 1 2  mm.,  and 
amounted  to  40  grams.  It  was  converted  into  load  salts  by  dissolving 
in  alcohol  and  adding  a  slight  excess  of  lead  acetate  also  dissolved  in 
alcohol.  The  solution  was  then  evaporated,  mixed  with  sand,  the 
mass  dried,  and  fractionally  extracted  with  dry  ether  in  a  Soxhlet 
apparatus.  Two  fractions  of  lead  salts  soluble  in  ether  were  thus 
obtained.  The  acids  regenerated  from  the  tirst  fraction,  on  distillation, 
passed  over  principally  at  221 — 226^/12  mm.  The  distilled  fructiou 
had  the  specific  rotatory  power  [a]„  +34'1\  and  a  percentage  iodine- 
absorption  value  of  92  4.  When  treated  with  mercurous  nitrate,  it 
afforded  elaidic  acid,  which  proved  the  presence  of  oleic  acid. 

The  second  fraction  of  lead  salt  was  crystalline,  and  was  found  to 
consist  chiefly  of  lead  hydnocarpate. 

The  lead  salt  insoluble  in  ether  and  remaining  in  the  Soxhlet 
apparatus  was  decomposed,  and  the  regenerated  acid,  which  was  solid, 
crystallised  from  alcohol.  It  was  finally  obtained  in  needles  melting 
at  60",  was  shown  to  be  a  saturated  acid,  and  was,  in  fact,  palmitic 
acid. 

00953  gave  0-2609  CO,  and  01060  Hfi.     C  =  747  ;  H  =  12-4. 
Cj^Hapj  requires  C  =  750;  H  =  12-5  per  cent. 

The  "  press-cake  "  was  extracted  with  alcohol,  and  the  alcoholic 
extract  examined  in  the  same  manner  as  that  obtained  from  the  seeds 
of  //.  Wightiana.  It  afforded  a  very  small  amount  of  acids  volatile  in 
steam,  which  were  recognised  as  formic,  acetic,  and  butyric  acids.  It 
also  contained  much  inactive  glucose  and  proteid  substances. 

The  seeds  of  //.  anthelmintica  afforded,  furthermore,  03  per  cent,  of 
a  hydrolytic  enzyme,  which  was  isolated  in  the  usual  manner;  it 
hydrolyses  amygdalin,  but  does  not  act  on  potassium  myrouate. 

Isolation    of    Hydnocarpic     Acid   from    Chaulmoogra 
Oil   {from    Taraktogeiios    Kurzii,  King). 

During  the  investigation  of  chaulmoogra  seeds  (Power  and  Gornall, 
lac.  cit.),  it  was  shown  that,  after  the  removal  of  the  chaulmoogric  acid 
by  crystallisation  of  the  total  fatty  acids  fi  cm  alcohol,  several  fractions 
were  obtained,  the  quantitative  examination  of  which  indicated  the 
presence  of  a  lower  homologue  of  chaulmoogric  acid.  In  view  of  the 
isolation  of  hydnocarpic  acid  from  the  two  sources  previously  mentioned 
in  this  paper,  it  seemed  desirable  to  attempt  to  isolate  this  acid  from 
the  fatty  oil  from  Taraktogeiios  seeds. 

A  quantity  of  the  total  fatty  acids  was  therefore  fractionally  crys- 
tallised from  alcohol,  and  a  large  amount  of  chaulmoogric  acid  separated 
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The  mother  liquor  from  the  latter  acid  afforded  a  large  fraction 
consisting  of  a  pasty  solid  which  could  not  be  crystallised.  It  was 
found,  however,  that  by  washing  with  cold  alcohol  the  acids  of  an  oily 
character  were  removed,  and  that  the  undissolved  portion  could  then 
be  reailily  crystallised  by  dissolving  in  warm  alcohol.  A  large  fraction 
melting  at  46—48''  was  thus  obtained,  which  was  apparently  identical 
with  the  molecular  mixture  of  chuulraoogric  and  hydnocarpic  acids 
obtained  from  Hydnocarjms  Wightiana  and  //.  anthelmintica.  By 
fractional  precipitation  with  barium  acetate,  the  two  acids  were  readily 
separated,  and  hydnocarpic  acid,  melting  at  59—60°,  definitely  identi- 
fied as  a  constituent  of  the  fatty  oil  of  Taraktogenos  seeds. 

0-1221  gave  0-3405  COg  and  0-1222  HgO.     C  =  76-l;  H=ll-1. 
^16^28^2  requires  C  =  76  2  ;  H  =  11  1  per  cent. 

0-1346  absorbed  0-1338  iodine.     I  =  99-4. 

CjgHggOg,  with  one  ethylenic  linking,  requires  1=  lOOT  per  cent. 

A  solution  of  12652  in  chloroform,  made  up  to   25  c.c,  gave  in  a 
1-dcm,  tube  oo  +3°26',  whence  [ajo  +67-8°. 

We  desire  to  express  our  thanks  to  Mr.  Frederic  H.  Lees  for  his 
assistance  in  connection  with  the  investigation  of  these  oils. 

The  Wellcome  Chemical  Research  Laboratories, 
London,  E.G. 


XCII. — The    Constituents  of  the  Seeds   of  Gynocardia 

Odorata. 

By  Frederick  Belding  Power  and  Marmaduke  Barhowcliff. 

PiiioH  to  the  year  1900  it  was  generally  believed  that  the 
"  chaulmoogra  oil "  of  commerce  was  obtained  from  the  seeds  of 
(I'ynocaidia  odorata  (R.  Br.).  More  recently,  however,  it  ha.s  botn 
recorded  by  Mr.  K.  M.  Hohiios  {rharm.  J.,  1900,  64,  522;  1901,  66, 
596),  on  tho  authority  of  Dr.  Prain,  Director  of  the  Botanic  Survey  of 
India,  that  chaulmoogra  oil  is  afforded  by  the  feeds  of  Taraktogenos 
Kurzii  (King),  those  seeds  having  evidently  been  wrongly  roforrod  to 
the  genuH  (J i/nocardia.  Tho  results  obtained  by  one  of  us  and  Mr. 
F.  If,  aornnll  (Trans.,  1904,  85,  838)  in  an  investigation  of  the  oil 
from  authentic  Boed»  of  Tarak/ogmos  Kurzii  are  in  a-cordanco  with 
the  above  observation,  for  it  was  proved  tliat  the  latter  oil  is  identical 
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in  its  physical  characters  and  in  composition  with  the  chaulmoogra  oil 
of  commerce. 

We  ai-e  now,  moreover,  in  a  position  to  state  conclusively  that  the 
oil  which  has  long  been  known  in  European  commerce  as  "chaulmoogra 
oil,"  and  sometimes  describetl  under  the  synonym  of  "gynocardia  oil," 
has  never  been  obtained  from  the  seeds  of  GyiiocardUi  odorata,  for 
whereas  chaulmoogra  oil  at  the  ordinary  temperature  is  a  solid  (m.  p. 
22 — 23^^),  the  oil  from  the  feeds  of  G ijnocardia  odorata  is  a  liquid. 
Furthermore,  chaulmoogra  oil  is  optically  active  and  consists  chiedy  of 
the  glyceryl  esters  of  members  of  the  chaulmoogric  acid  series,  whereas 
the  oil  from  gynocardia  seeds  is  optically  inactive  and  contains  neither 
chaulmoogric  acid  nor  its  homologues. 

The  present  investigation  has  shown  that  gynocardia  oil  consists  of 
the  glyceryl  esters  of  the  following  acids  :  (I)  linolic  acid,  or  isomerides 
of  the  same  series,  constituting  the  largest  proportion  of  the  oil ; 
(2)  palmitic  acid,  in  considerable  amount ;  (3)  linolenic  and  i«olinolenic 
acids,  the  latter  preponderating ;  aiul  (4)  oleic  acid,  in  relatively  small 
amount. 

In  addition  to  the  fatty  oil,  gynocardia  seeds  contain,  as  has 
previously  been  shown  (Power  and  Lees,  this  vol.,  p.  349),  5  per  cent, 
of  a  crystalline  glucoside,  gynocardin,  CjjHj,)OjN,UHjO,  and  a  hydro- 
lytic  enzyme,  gynocardase. 

EXPEBIMENTAL. 

The  seeds  of  Gynocardia  odorata  are  not  collected  for  commercial 
purposes,  and  some  difficulty  was  experienced  in  obt^iining  them. 
Through  the  kindness,  however,  of  Mr.  David  Hooper,  Cumtor  of  the 
Indian  Museum,  Calcutta,  it  has  been  possible  for  us  to  procure  a 
quantity  of  these  seeds  sufficient  for  a  complete  investigation  of  their 
constituents. 

According  to  a  private  communication  from  Mr.  Hooper,  the 
recognised  habitats  of  Gynocardia  odorata  are  Sikkim,  Assam,  and 
Chitlagong  in  Bengal,  and  he  also  informs  us  that  in  Assam  the  oil  is 
sometimes  expressed  from  the  seetls  by  the  natives. 

The  seeds  employed  in  this  investigation  were  collected  in  Sylhet, 
Assam,  and  their  geniiineness  confirmed  by  Surgeon-Major  Prain, 
Director  of  the  Botanic  Survey  of  India,  by  tha  Reporter  on  Economic 
Pi'oducts  to  the  Government  of  India,  and  also  by  Mr.  E.  M.  Holmes, 
F.L.S.,  of  London. 

On  divesting  the  seeds  of  their  shells  it  was  found  that  the  latter 
represented  37  per  cent,  of  their  weight.  The  kernels,  when  subjected 
to  hydraulic  pressure,  afforded  an  amount  of  fatty  oil  and  of  a 
"press-cake"  equivalent,  respectively,  to  19-5  and  40  per  cent,  of  the 
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weight  of  the  entire  seed.     By  extracting  the  total  powdered  seed 
with  ether,  27 "2  per  cent,  of  oil  was  obtained. 

TU  Fatty  Oil. 

The  fatty  oil  from  the  seeds  of  Gynocardia  odorata  is,  at  the 
ordinary  temperature,  a  light  yellow  liqui  1,  having  an  odour  resembling 
that  of  linseed  oil.  It  is  optically  inactive.  The  expressed  oil,  and 
that  extracted  from  the  seeds  by  etlier,  gave  the  following  values 
respectively : 

Expr.-ssoil  oil.         Oil  extracted  by  etlier. 

Specific  gravity     0-9i.'5  at  25°  0927  at  25° 

Acid  value    4'9  50 

Saponification  value 197'0  199'6 

Iodine  value 152-6  1520 

Hydrolysis  of  the   Fatty  Oil. 

One  hundred  grams  of  the  fatty  oil  were  hydrolysed  with  alcoholic 
sodium  hydroxide,  the  alcohol  removed,  and  the  residue  mixed  with 
sand,  dried,  and  extracted  with  light  petroleum.  The  latter  removed 
a  very  small  amount  of  a  substance  which,  after  crystallisation  from 
alcohol,  melted  at  133°,  and  proved  to  be  phytosterol. 

The  Fatty  Acids. 

The  .sodium  salts  obtained  by  the  above  hydrolysis  were  dissolved 
in  water,  the  liquid  acidified  with  sulphuric  acid,  and  the  liberated 
fatty  acids  taken  up  by  ether.  The  ethereal  solution  was  then 
washed,  dried,  and  the  ether  removed,  the  last  traces  of  the  latter 
being  eliminated  by  heating  the  residual  oil  for  .some  time  at  100°. 
The  total  mixed  fatty  acids  thus  obtained,  which  partially  solidified 
on  standing  at  the  ordinary  temperature,  gave  an  acid  value  of 
199*8,  and  an  iodine  value  of  162°G. 

In  order  to  investigate  the  mixture  of  fatty  acids,  500  grams  of  the 
fatty  oil  were  hydrolysed,  the  acids  liberated,  and  the  portion  volatile 
in  steam  removed.  The  latter  consisted  of  very  small  amounts  of 
formic  and  acetic  acids.  The  non-volatile  acids  wore  separated  from 
the  aqueous  li(iuid  and  all  »wod  to  stand,  when  a  considerablo  amount 
of  a  trystallino  HubstaU' e  was  deposited.  The  latter,  which  was  col- 
Ifcted  at  the  pump,  amounted  to  00  grams ;  it  was  dissolved  in 
alcohol  and  converted  into  its  lithium  salt  in  three  succo.s.sive 
fnictionH,  each  of  wiiich,  after  precipitation,  wa.s  redissolvod  by  heat, 
allowed  to  cryHtallisc,  the  acid  rogonorated,  and  then  crystallised  from 
rtholiol      Tlio  (ifHt  fraction  of  aci«l  uielted  at  GO  -  Gl",  the  .second  at 
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59—60°,  and  the  third  at  59 — 61°.  On  further  crystalliaation  of  the 
first  fraction  it  melted  at  62°,  and  gave  on  analysis  the  following 
figures  : 

01086  gave  0-2991  COj  and  0-1220  B^O.     C  =  75-l ;  H=  12-5. 
Cj^HjoOg  requires  C  =  75  0  ;  H  =  12'5  per  cent. 

The  solid  acid  which  separated  from  the  total  fatty  acids  was  thus 
shown  to  be  palmitic  acid. 

The  high  iodine-absorption  value  (162-6)  of  the  total  fatty  acidx 
indicated  the  presence  of  iinolic  acid  or  acids  of  the  toime  series,  and, 
taking  into  consideration  the  large  amount  of  |>almitic  acid  isolated,  al*4o 
of  acids  of  the  linoleuie  series.  For  the  ideutificatioii  of  thes.e  acids 
the  method  was  employed  which  depends  on  oxidation  with  per- 
manganate, and  the  separation  of  the  corresponding  hydroxy-acids 
(compare  Lewkowitsch's  Chemical  I'echnology  and  AiuUy»ia  of  0U», 
Fats,  and  Waxes,  vol.  i,  pp.  360 — 363). 

Sixty  grams  of  the  oily  acids,  from  which  the  large  amount  of 
palmitic  acid  had  been  removed  as  described  above,  were  therefore 
oxidised  with  potassium  permanganate,  and  the  following  products 
isolated  : 

(1)  A  crystalline  acid,  melting  at  133°. 

00747  gave  01 862  CO^  and  00773  H^O.     C  =  68-0  ;  H  =  11-5. 
CisHjo^^  requir.  s  C  =  68  3  ;  H  =  1 1  -4  per  cent. 

This  product  was  thus  identified  as  dihydroxystearic  acid,  and  its 
formation  proved  the  presence  of  oleic  acid  in  the  fatty  oil. 

(2)  A  crystfilline  mixture,  melting  at  156 — 159°. 

01 158  gave  0  2624  CO.,  and  01077  H.O.     C  =  61-8;  H  =  10-3. 
CijHj^O^  requires  0  =  621;  H=  10  3  per  cent. 

This  evidently  consisted  of  isomeric  tetrahydroxysteai-ic  acids,  which 
could  not  be  i-eadily  separated.  They  represented  the  chief  product  of 
the  oxidation,  and  their  formation  would  apj>ear  to  prove  the  presence 
in  the  fatty  oil  of  isomeric  acids  of  the  Iinolic  series. 

(3)  A  crystalline  acid  melting  at  171°. 

01010  gave  02100  CO.^  and  00866  H^O.     C  =  56-7;  H  =  9-5. 
CigHjgOg  requires  C  =  56-8  ;  H  =  9*5  per  cent. 

This  acid  was  therefore  Molinusic  acid,  a  hexahydroxystearic  acid, 
and  its  formation  proved  the  occurrence  of  t«olinolenic  acid  in  the 
fatty  oil. 

(4)  A  very  small  amount  of  a  mixture  of  acids  melting  considerably 
higher  than  tsolinusic  acid.  This,  in  all  probability,  contained  linusic 
acid   (m.   p.   203 — 205^),   the   hexahydroxystearic   acid    derived    from 
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linolenic  acid.  The  presence  of  the  latter  acid  in  the  fatty  oil  was, 
however,  definitely  established  by  the  formation  of  its  crystalline 
hexabromide,  which  melted  at  180 — 181°. 

Our  thanks  are  due  to  Mr.  Frederic  H.  Lees  for  his  assistance  in 
connection  with  this  investigation. 

The  Wkllcomk  Chemical  Rksearch  Laboratories, 
London,  E.G. 


XCIIT. — A    Contribution    to    the    Study    of  Alkylated 

Glucosides. 

By  James  Colquhoun  Irvine,   Ph.D.,  D.Sc,   Carnegie  Fellow,    and 
Adam  Cameron,  M.A.,  B.Sc,  Carnegie  Scholar. 

It  has  been  shown  in  previous  papers  (Trans.,  1904,  86, 1049,  1071)  that 
when  an  alkylated  sugar  such  as  tetrainethyl  glucose  is  subjected  to 
further  alkylation,  either  by  the  action  of  methyl  alcohol  containing 
hydi  ochloric  acid  or  by  the  joint  action  of  silver  oxide  and  methyl  iodide, 
a  mixture  of  two  isomeric  pentamethylated  glucoses  is  obtained.  lu  the 
case  of  tetramethyl  glucose,  one  of  the  compounds  thus  produced  is 
identical  with  the  liquid  compound  obtained  by  the  methylation  of 
a-methylghicoside,  and  it  is  therefore  the  tetramethyl  ether  of  a-methyl- 
glucoside.  The  other  product,  which  is  crystalline  and  hcvorotatory, 
was  considered  to  be  the  corresponding  derivative  of  j8-methyl- 
glucoside. 

As  the  type  of  stereoisomerism  first  discovered  by  Fischer  in  the 
alkylglucosides  is  now  known  definitely  to  apply  to  the  pentacyl  and 
other  similar  derivatives  of  glucose,  it  no  doubt  also  exists  in  the 
pentamethylated  glucoses.  Although  there  seemed  therefore  no  reason- 
able doubt  that  the  lajvorotatory  comjiound  to  which  refei-enco  has 
been  made  represented  the  )9-isomeride,  wo  (onsidorcd  it  advisable 
to  establish  tliis  point  definitely  by  preparing  the  compound  by  the 
dtri(rt  alkylation  of  /3-methylglucot-ide. 

/?  Mctliylglucohido  was  prepared  by  Van  Kkenstciu's  method  and 
alkylated  directly  in  the  manner  previously  dcsciibod  for  the  a-form 
{loo.  cit.).  The  reaction  gave  a  nearly  qiiantitative  yield  of  the 
same  crystalline  compound  above  referred  to,  and  our  opinion  as  to  its 
nature  is  thus  confirmed.  As  the  method  of  prcpanilioii  (>l)vi:ites  the 
rink  of  contamination  with  traces  of  the  aisomorid(\  the  specific 
rotations  of  the  Mibhtnnce  in  various  nolventu  were  ledetenniued.     In 
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water,  alcohol,  acetone,  and  benzene,  the  values  for  [a}*'  were  found 
to  be  respectively  -17-34^  -1743°,  -  1656°,  and  -18-07°. 

We  also  undertook  the  examination  of  the  conditions  under  which 
the  a-  and  /8-i.sonieric  alkylated  glucosides  are  converts!  into  each  other. 
The  transformation  of  a-  and  /S-methylglucosides  and  also  of  the 
corresponding  penta-acyl  compounds  has  recently  been  studie*!  by 
Jungiup,  Lobry  de  Bruyn,  and  others,  the  reagents  used  (when  the 
change  is  carried  out  in  solution)  being  either  alcoholic  hydrogen 
chloride,  acetic  anhydride  containing  zinc  chloride,  or  chloroform  con- 
taining sulphur  trioxide.  We  took  advantage  of  the  solubility  of  our 
alkylated  glucosides  in  other  organic  solvents  in  order  to  ascertain 
whether  the  solvent  used  plays  a  specific  jmrt  in  the  transformation. 

In  the  first  place,  we  found  that  prolonged  heating  at  140"^  in  methjl- 
alcoholic  or  benzene  solution  did  not  promote  the  change  in  question, 
and  heating  with  sodium  methoxide  and  methyl  alcohol  was  similarly 
without  effect.  When  small  quantities  of  hydrochloric  acid  (025  per 
cent.)  are  dissolved  in  the  solvent,  we  found  that  the  i-eversible  reaction 
a:^  P  proceeds  at  temperatures  ranging  from  110°  to  150°  in  methyl 
alcohol,  acetone,  ether,  or  benzene,  and  thus  the  cliange  takes  place 
indei)endently  of  the  nature  of  the  solvent  used.  This  result  seems 
to  exclude  Fischer's  theory  that  transformations  of  this  nature 
depend  on  the  intermediate  formation   of    compounds  of   an   acet&l 

tyi»e- 

In  the  case  of  our  solutions  in  methyl  alcohol  containing  hydro- 
chloric acid,  heating  was  continued  at  120°  until  the  rotation  became 
constant,  and  practically  the  same  ecjuilibrium  point  was  reachtd  in 
parallel  experiments  made  on  the  a-  and  /3-forms.  Calculating  fi-om 
the  constant  specific  rotation  observed,  the  equilibrium  mixtuie 
contains  77  per  cent,  of  the  a-  and  23  per  cent,  of  the  )3-isomeride. 
Jungius  {P)'oc.  K.  Acad.  Wetenach.  Aitisterdam,  1903,  6,  9U)  found 
identically  the  same  equilibrium  proportions  in  similar  experiments  on 
a  and  )8-methylglucosides. 

In  the  other  solvents  used,  the  change  was  much  slower,  and,  despite 
pi-olouged  heating,  in  no  other  case  was  the  equilibrium  jwiut  reached. 
Thus,  whilst  a  solution  of  the  a-form  in  methyl  alcohol  containing 
0"25  per  cent,  of  hydrogen  chloride  attained  the  equilibrium  point 
mentioned  in  30  hours,  a  similar  solution  in  benzene  contiiined  after 
the  same  treatment  only  16  per  cent,  of  the  )3-form. 

This  result  seems  to  us  to  indicate  that  moisture  plays  a  part  in  the 
change  and  that  the  catalytic  action  of  the  hydrochloric  acid,  whatever 
its  nature  may  be,  is  probably  dependent  on  the  ionisation  of  tlie  acid. 
The  two  experiments  were  carried  out  under  stiuctly  parallel  conditions 
as  to  concentration,  strength  of  acid  used,  temperature,  and  time  of 
hcivting.     The  amount  of  water  present  would  probably,  however,  be 
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greater  in  the  alcoholic  solution  than  in  the  case  of  benzene,  and  this 
may  accoxmt  for  the  equilibrium  being  more  readily  established  in  the 
former  solvent. 

Our  results  are  therefore  in  agreement  with  the  idea  (E.  F. 
Armstrong,  Trans.,  1903,83,  1310;  1904,85,  1044)  that  the  trans- 
formation of  glucosides  takes  place  without  rupture  of  the  y-oxidic 
linkage  or  the  temporary  addition  of  the  solvent  used.  We  intend  to 
make  a  more  complete  study  of  the  mechanism  of  the  interconversion 
of  alkylated  glucosides. 

We  have  also  succeeded  in  alkylating  /3-methylgalactoside,  and  find 
that  this  process  gives  the  same  ci'ystalline  tetramethyl  methyl- 
galactoside  (m.  p.  38 — 40°)  which  we  formerly  obtained  by  the  methyl- 
ation  of  tetramethyl  galactose.  Our  views  as  to  the  nature  of  this 
substance  also  are  thus  confirmed.  In  this  connection  we  would  refer 
to  the  experimental  part  for  the  description  of  a  compound  having 
the  molecular  composition  and  properties  of  a  tetramethyl  methyl- 
galactoside,  but  differing  from  the  well-defined  a-  and  )8-isoinerides  in 
its  very  low  dextrorotation.  The  compound  in  question  gave  a  syrup 
on  hydrolysis  which  only  differed  from  tetiamethyl  galactose  in  its 
specific  rotation,  which  in  alcoholic  solution  was  +3 '8°  instead  of 
+  62-6°. 

An  explanation  of  the  nature  of  this  compound  is  offered  in  the 
experimental  part,  along  with  the  data  on  which  the  deduction  is 
based. 

Experimental. 

The  /S-methylglucoside  used  in  our  experiments  was  prepared  by 
Van  Ekenstein's  method  {Rec.  Trav.  chim.,  1894,  13,  183 — 181)),  a 
process  which  depends  on  the  fact  tliat  when  glucose  is  condensed  with 
methyl  alcohol  according  to  Fischer's  original  method  {Bei'.,  1893,  26, 
2400),  the  /3-form  of  the  glucosido  is  first  produced,  and  is  afterwards 
transformed  almost  completely  into  the  a-variety.  By  dissolving 
glucose  in  methyl  alcohol  containing  28  per  cent,  of  hydrochloric  acid 
and  neutralising  the  acid  as  soon  as  the  licjuid  ceased  to  reduce 
Fohling's  solution,  Van  Ekenstoin  obtained  the  two  isomeric  motliyl- 
glucosidoH  in  about  ojjual  proportions.  The  process  gives  exceedingly 
good  yields  of  the  crystalline  glucosides,  but  the  separation  of  the 
/3-form  by  fnusiional  crystallisation  from  alcohol  is  extremely  tedious. 
Wo  modified  the  method  Boraowhat  by  extracting  the  mixture  of  the 
glucoBidcH  with  a  large  excess  of  boiling  ethyl  acetate.  In  this  way, 
the  tt-form  was  gradually  extracted,  and  the  undiss^olved  residue,  when 
oxamitied  in  alcoholic  solution,  was  found  to  bo  practically  inactive. 
'J'hc  final   puriiiaitiuu  wau  offoctud  by  means  of  crystal U.satiuu  from 
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80  per  cent,  alcohol,  and  in  this  way  the  pure  /S-forni,  showing  a 
specitic  rotation  of  -  322°  and  melting  at  108^,  was  obtained. 

We  take  this  op{)ortunity  of  expressing  our  indebtedness  to  Dr. 
E.  F.  Arm.strong,  who  kindly  furnished  us  with  an  additional  quantity 
of  /3 -methylglucoside  and  thus  enabled  us  to  extend  our  experiments. 

The  methylation  of  the  compound  was  effected  as  described  in  pre- 
vious papers  (Trans.,  11)03,  83,  1021  ;  1904,  86,  1049)  by  the  joint 
action  of  silver  oxide  and  methyl  ioJide,  and  with  a  similar  result. 
As  the  alkylation  proceeded,  the  product  became  soluble  in  methyl 
iodide,  and  thus  the  last  treatment  with  silver  oxide  was  carried  out 
in  this  solvent.  It  was  found  to  be  unnecessary  to  distil  the  final 
product,  as,  on  nuclejitiug  with  tetramethyl  ^-methylglucoside  from  a 
[)revious  pi'eparation,  the  liquid  solidified  completely  to  a  mass  of 
beautiful  needles  which,  after  drying  on  a  tile  and  recrystallisation 
from  alcohol,  melted  at  40—41°. 

01340  gave  0-2581  CO,  and  01042  lIjO.     C  =  52-54;  H*8-84. 
CiiIL^jOj.,  requires  C  =  5280  ;  II  -  880  per  cent. 

The  yield  of  crystalline  product  was  practically  quantitative,  and 
examination  of  the  mother  liquors  collected  during  the  i-ecrystallisa- 
tion  showed  that  no  trace  of  the  a-isomeride  was  present.  From  this 
we  conclude  that  the  direct  process  of  alkylation  by  means  of  silver 
oxide  and  methyl  iodide  is  not  attended  by  any  change  in  the  position 
of  the  glucosidic  methyl  group. 

The  optical  rotatory  power  of  the  compound  was  redetermined,  as 
when  produced  by  the  alkylation  of  tetramethyl  glucose  the  substance 
is  liable  to  Ite  contaminated  with  traces  of  the  a-isomeride. 

Solvent.  c.  I.               a»  .  [«lf. 

Water 44130  2  -153°  -1734° 

Ethyl  alcohol 50200  1  -VVo  -1743 

Benzene 50110  2  -166  -16  56 

Acetone  50080  2  -1-81  -1807 

It  will  be  seen  that  the  rotations  here  given  are  greater  in  the 
hevorotatory  sense  than  those  quoted  in  a  pi-evious  jiaper.  In  view  of 
the  fact  that  in  the  present  instance  the  possibility  of  the  presence  of 
the  dextrorotatory  a-isomeride  is  excluded,  we  desire  to  substitute  the 
above  numbers  for  those  aFready  published. 

The  identity  and  purity  of  the  alkylated  glucoside  were  confirmed  by 
a  study  of  its  hydrolysis.  When  heated  in  aqueous  solution  with 
8  per  cent,  hydrochloric  acid,  as  already  described  (J.oc.  cit.),  the  rotation 
was  found  to  increase  continuously  in  the  dextrorotatory  sense  without 
tluctuation,  and  practically  a  quantitative  yield  of  tetramethyl  glucose 
(m.  p.  83 — 84°)  was  obtained. 
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We  found  that  the  preparation  of  the  alkylated  )8-glucoside  is 
equally  successful  if  the  original  material  used  consists  of  a  mixture  of 
the  two  isomeric  methylglucosides  containing  not  more  than  25  per 
cent,  of  the  a-form.  In  such  cases,  however,  the  alkylated  product 
has  to  be  distilled  in  a  vacuum  and  the  /?-form  crystallised  out  from 
the  more  volatile  fractions. 

On  hydrolysing  a  mixture  of  the  two  alkylated  glucosides  obtained 
in  this  direct  manner,  we  succeeded  in  recording  a  well-defined  rise  and 
fall  of  rotation.  The  deduction  made  in  previous  papers  that  this 
phenomenon  is  significant  of  the  presence  of  both  alkylated  glucosides 
is  thus  confirmed. 

Action  of  Emulsin  on  Tetranietiiyl  fi-Methylglucoside. 

It  has  already  been  observed  that  emulsin  effects  the  hydrolysis  of 
tetramethyl  /3-methylglucoside,  and  that  during  the  change  the  optical 
activity  of  the  solution  alters  froai  lievo-  to  dextro-rotatory.  We 
endeavoured  to  follow  this  reaction  quantitatively  by  means  of  the 
polarimeter  on  the  lines  laid  down  by  E.  F.  Armstrong  {loc.  cit.),  in 
the  hope  of  obtaining  data  by  means  of  which  the  alkylated  glucoside 
could  be  correlated  with  the  parent  aldose  of  similar  structure.  In  the 
first  place,  one  part  by  weight  of  the  glucoside  was  dissolved  in  water 
(10  parts),  finely-powdered  emulsin  (2  parts)  added,  and  the  solution 
maintained  at  39°.  At  the  beginning  of  the  experiment,  the  Icevo- 
rotation  of  the  solution  was  higher  than  the  calculated  value  for  the 
glucoside,  and  this  was  found  to  be  due  to  the  fact  that  the  emulsin 
used  (Kahlbaum's)  gave  a  Isevorotatory  solution  when  extracted  with 
water  at  40°.  When  a  specimen  of  the  enzyme  was  extracted  in  this 
way  for  15  days,  the  water  being  renewed  every  third  day,  all  the 
solutions  obtained  displayed  a  feeble,  although  evident,  lajvorotation. 
As  Armstrong's  method  of  hydrolysis  depends  on  the  nature  and  not 
on  the  magnitude  of  the  optical  changes  observed,  the  presence  of 
active  materials  in  the  solution  does  not  affect  the  result.  Wo  found, 
however,  that  in  the  foregoing  experiment  on  the  ;3-glucosidc  the  solu- 
tion very  readily  became  turbid  owing  to  coagulation  of  the  dis- 
solved enzyme.  This  result  seems  to  bo  caused  either  by  slight  varia- 
tions in  the  tomiKsrature  or  by  the  action  of  traces  of  alkali  added  to 
promote  the  multirotation  of  the  hydrolysis  product.  Filtration  was 
tliuroforo  rendered  necessary,  and  this  wo  found  to  result  in  a  decrease 
of  the  huvorotation.  Blank  experiments  made  with  emulsin  and 
water  alone  gave  similar  results.  Heating,  or  addition  of  a  tmce  of 
alkali  to  such  a  solution,  occasioned  a  turbidity,  and  after  filtration  the 
liDVorotation  was  invariably  found  to  be  diminished.  We  were  thus 
unfortunately  unaMe  to  apply  this  method  of  hydrolysis  quantitatively, 
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hut  quote  the  above  observations,  which  indicate  that  with  certain 
specimens  of  emulsin  changes  in  rotatory  power  may  be  occjisioned  by 
the  coagulation  of  the  enzyme  and  thu8  give  rise  to  misleading 
results. 

Interconversion  of  the  a-  and  p-Modijications  of  Tetramelhyl   Methyl- 

glucosiile. 

Alkylated  glucosides,  on  account  of  their  varied  solubility  and  the 
well-defined  changes  in  rotatory  power  which  they  exhibit  on 
hydrolysis,  are  well  adapted  for  the  study  of  the  mutual  interconver- 
sion of  isomeric  glucosides.  la  our  experiments  we  used  the  crystal- 
line tetraniethyl  /3-methylglucoside,  prepared  as  already  described  from 
/3-methylglucoside,  and  also  the  liquid  a-isumeride  similarly  obtained 
from  a-mothylglucoside. 

l^th  compounds  were  found  to  be  unaffected  in  rotation  by  distilla- 
tion in  a  vacuum,  and  thus  no  interchange  of  the  glucosidic  methyl 
group  takes  place  in  the  gaseous  state.  The  a-form  was  also  found  to 
l)e  stable  in  methyl-alcoholic  solution  towai'ds  the  action  of  sodium 
niethoxide,  as  solutions  containing  widely  different  pro[X)rtions  of  the 
methoxido  showed  a  constant  optical  activity  when  preserved  for 
several  weeks  at  50°. 

Methyl  alcohol  containing  0'25  per  cent,  of  hydrochloric  acid  is, 
however,  capable  of  effecting  the  change,  but  at  moderate  temjieratures 
the  conversion  is  extremely  slow.  Thus  a  solution  of  the  a-form  in 
this  solvent  was  heated  for  60  hours  at  40"^  without  exhibiting  any 
appx-eciable  change  of  rotation,  and  the  conversion  into  the  /3-form 
did  not  occur.  At  temperatures  i-anging  fi-om  110^  to  150°,  however, 
the  reversible  reaction  a  ;=:  /S  was  found  to  proceed,  and  jwsitive 
results  were  obtained  with  solutions  in  alcohol,  ether,  acetone,  or 
benzene  containing  small  quantities  of  hydrochloric  acid  (0*25  per 
cent.).  In  carrying  out  these  experiments,  duplicate  solutions  of  the 
pure  a-  and  /8-isomerides  were  prepared,  and,  after  determination  of 
the  specific  rotation,  were  heated  in  sealed  tubes  for  sevei^al  hours. 
The  conversion  into  the  opposite  isomeride  was  indicated  by  a  rise  or 
fall  in  the  rotation  according  as  the  /3-  or  a-form  was  used  as  the  start- 
ing jx)int.  That  these  changes  in  activity  were  directly  due  to  inter- 
conversion of  the  glucosides  was  proved  in  each  case  by  a  careful 
study  of  the  hydrolysis  of  the  product.  During  the  hydrolysis,  the 
remarkable  rise  and  fall  in  rotation  were  observed  which  we  have 
shown  to  be  characteristic  of  tlie  mixed  glucosides. 

The  following  numbers  show  the  nature  and  magnitude  of  the 
changes  in  rotation  observed  owing  to  transformation  of  the 
glucosides. 

VOL.   LXXXVII.  3    P 
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Solvent.  Time  of  heating.  Initial.  Final. 

1.  j3— *a         Methyl  alcohol  f.O  hours  at  120°  -15-0°  +100-8'' 

2.  ,,  Ether 30       „        140  -21-3  +67-0 

3.  ,,  Benzene 30       ,,        140  -IQ'l  +41-3 

4.  ,,  Acetone 30       ,,        140  -181  +45-1 

5.  a— *)3         Methyl  alcohol  30        ,,         120  +142-0  +106-6 

6.  „  Benzene 30       ,,        140  +144-7  +l*20-9 

In  experiments  1  and  5,  the  heating  was  continued  for  an  additional 
30  hours  in  order  to  ensure  the  attainment  of  equilibrium. 

In  each  of  the  experiments  summarised  above,  the  product  was 
isolated  by  removing  the  hydrochloric  acid  by  means  of  barium  carbon- 
ate and  evaporating  the  filtered  solution  to  dryness.  In  each  case,  the 
residual  oil  behaved  like  a  glucoside  towards  Fehling's  solution,  and 
thus  no  hydrolysis  had  occurred  during  heating.  The  product  was 
then  dissolved  in  8  per  cent,  hydrochloric  acid  so  as  to  make  a  7  per 
cent,  solution  of  substance  and  heated  to  80°.  At  this  temperature, 
the  yS-form  is  quickly  hydrolysed,  whilst  the  a-form  is  comparatively 
stable,  and  thus  the  rise  in  rotation  of  the  solution  during  the  first 
stages  of  the  hydrolysis  is  readily  determined  by  polarimetric  observa- 
tions at  intervals  of  15  minutes. 

The  following  table,  which  contains  the  data  obtained  in  experi- 
ment I,  shows  the  nature  of  these  changes. 

Time.  [o]u. 

0  +100-8°^ 

15  minutes  at    80°  1150  [Rise. 

30       „         „     80     118-8  J^ 

60       „         „  100     100-9     I 

UO        „         „     „       89-5     pll- 

120        „         „     , 87-2  iJ 

150        „         „     „       87-0  f    Constant. 

The  tetramethyl  glucose  was  isolated  in  each  experiment  as  already 
described. 

The  change  a  ^  /?  was  also  studied  in  mixtures  of  the  glucosides, 
where  the  proportion  of  the  two  forms  does  not  correspond  with  that 
of  the  equilibrium  mixture  under  the  conditions  of  the  experiment. 

It  should  be  noted  that  the  only  solvent  in  which  heating  was  con- 
tinued until  a  constant  rotation  was  observed  was  methyl  alcohol.  The 
end  value  reached  was  approxinuitely  ilio  same  in  each  (^ase,  and  corre- 
HiKmded  with  a  mixture  of  77  per  cent,  of  the  a  form  and  23  per  cent, 
of  the  /^variety. 

In  oilier  Kolvents,  the  change  was  slower,  particularly  in  the  case  of 
benzene,  but  the  intercon version  sooms  to  take  place  inde[»end(mtly  of 
the  nature  uf  the  solvent.     The  presence  of  hydrochloric  acid  in  the 
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solution  is,  liowever,  necessary.  In  experiments  carried  out  in  pure 
methyl  alcohol  or  pure  benzene,  no  change  in  the  rotation  of  either 
glucoside  was  observed  after  heating  to  140°  for  60  hours,  and  a  mixture 
of  the  two  glucosides  likewise  maintained  a  constant  optical  activity 
on  similar  treatment. 


Telrametfiyl  fi-Metht/U/alactotiUle. 

This  compound  was  prepared  similarly  to  the  corresjKjndiug  gluco- 
side by  the  direct  alkylation  of  /J-methylgalactosido.  We  have,  how- 
ever, in  the  first  phvce,  to  record  an  abnormal  series  of  results. 
During  previous  work  we  had  occasion  to  prepare  a  large  quantity  of 
a-methylgalactoside  by  condensing  galactose  with  methyl  alcohol  at 
100°  with  025  per  cent,  of  hydrochloric  acid.  The  a-form  was  separ- 
ated by  fi'actional  crystallisation,  and  a  large  residue  was  thus  accu- 
mulated which  presumably  contained  the  /3-methylgalactosida  This 
substance  was  a  clear,  yellow,  semicrystalline  syrup,  and  it  had  no 
action  on  Fehling's  solution  until  hydrolysed.  As  it  showed  only  a 
slight  dextrorotation  in  alcohol  or  water,  we  concluded  tliat  it  con- 
sisted mainly  of  the  feebly  dextrorotjatory  yS  methylgalactoside,  and 
we  therefore  utilised  the  material  for  the  preparation  of  teti-amethyl- 
/f-methylgalactoside  by  alkylation.  The  alkylation  apparently  pro- 
ceeded normally,  and  the  product  was  therefore  distilled  under  reduced 
pressure  (HO — 142°/14  mm.).  Analysis  showed  the  substance  to 
have  the  composition  of  a  fully  methylated  galactoside,  and  the  mole- 
cular weight  in  benzene  by  the  cryoscopic  method  was  normal.  Hydro- 
lysis of  this  compound  with  8  per  cent,  hydrochloric  acid  at  100**  gave 
a  syrup,  which  distilled  under  reduced  pressure  without  decomposition 
and  reduced  Fehling's  solution  actively.  In  composition  and  other- 
wise, the  substance  resembled  tetramethyl  galactose.  Thus,  when 
heivted  with  silver  oxide  and  methyl  iodide,  it  gave  a  glucosidic  pro- 
duct which  analysis  showed  to  be  a  tetramethyl  methylgalactoside. 

In  other  respects,  however,  the  results  wei-e  quite  abnormal.  The 
specific  rotation  in  alcohol  of  the  liquid  tetramethyl  methylgalacto- 
side, obtained  in  the  foregoing  manner  by  alkylating  the  supposed 
mixture  of  a-  and  ^-galactosides,  was  -h4'6^,  a  number  which  accoi-ded 
with  our  expectations  that  it  contained  a  large  proportion  of  tetra- 
methyl fi  methylgalactoside ;  the  liquid,  however,  despite  repeated 
fractionation,  could  not  be  made  to  crystallise  when  nucleated  with 
crystals  of  this  compound,  and,  although  on  hydrolysis  a  rise  and  final 
fall  of  rotation  were  detected,  these  changes,  contrary  to  expectation, 
were  only  slight.  Further,  the  methylated  sugar  obtained  from 
this  hydrolysis  displayed  a  very  low  rotatory  power  in  alcohol 
([aju  4- 3 "8°),  whilst  that  of  tetramethyl  galactose  is  4-62-6°,  and  the 
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glucosidic  product  obtained  from  it  by  remethylation  was  practically 
inactive. 

The  following  table  contains  a  comparison  of  the  composition  and 
properties  of  the  compound  under  consideration  with  liquid  tetramethyl 
a-methylgalactoside  : 


Tetramethyl  a-Methylgalactoside. 

C!olourless  liquid  of  a  glucosidic 

nature. 

Composition  (calculated) : 

C  =  52-80;  H  =  8-80;  CH3O  =  62  0  per 

cent. 

Molecular  weight  (calculated)  =  250. 

Boiling  point : 

136 — 137°  under  11  mm.  pressure. 

[ajf*  in  alcohol  +109-9°. 

Hydrolysed  with  a  great  decrease  in 
rotatory  power  to  give  a  reducing 
sugar. 

Composition  of  tetmmethyl  galactose  : 
C  =  50-85;  H  =  8-47;  CH30  =  52  54  per 
cent. 

Boiling  point  of  sugar : 

172*  under  13  mm.  pressure. 

[o]f°  in  alcohol  +62  6°. 

Tetramethyl  galactose  reacts  with  methyl 
iodide  and  silver  oxide  to  give  the 
mixed  galactosides  boiling  at  135 — 140° 
under  11  mm.  pressure  and  containing 
CH30  =  62-0  per  cent. 


Isomeric  Compound. 

Colourless  liquid  behaving  like  a 
■"  glucoside. 

Composition  (found) : 
C  =  52-71  ;  H  =  8-76  ;  CH30=:61-85  per 
cent. 

Molecular  weight  (found)  =  243. 

Boiling  point  ; 

140 — 142°  under  14  mm.  pressure. 

[oP' in  alcohol  +4-6°. 

Also  hydrolysed  to  a  reducing  sugar. 
Rotation  decreased  very  slightly. 

Composition  of  the  reducing  sugar 
formed  : 

C  =  50-37;  H  =  8-42;  CHaO  =  51-6pcr 
cent. 

Boiling  point  of  sugar  : 

170 — 172°  under  12  mm.  pressure. 

[aF' in  alcohol  +3-8°. 

Also  reacted  witli  methyl  iodide  and 
silver  oxide  to  give  a  glucosidic  liquid, 
boiling  point  135 — 140°  under  13  mm. 
pressure.     C H3O  =  63  -2  per  cent. 


It  will  be  seen  that  a  complete  parallel  is  established  between 
the  syrui)y  galactosido  used  and  a-methylgalactoside  save  that  the 
compounds  given  by  the  former  on  alkylation  and  hydrolysis  Jire 
almost  inactive.  From  the  fact  that  the  molecular  composition  and 
reactive  powers  are  identical  iu  each  case,  it  may  be  deduced  that  the 
counKiunds  of  low  rotation  are  eitlier  jjartially  racemisod  or  have  a 
different  configuration  from  galactose.  The  latter  view  is  unlikely,  as 
in  general  the  introduction  of  a  methyl  group  into  the  glucosidic 
poKitiou  or  the  reverse  change  of  tlio  hydroly.sis  of  a  glucoside  is 
attended  by  a  marked  change  in  rotatory  power.  It  will  bo  seen  that 
in  the  present  case  hydrolyHis  only  effected  a  small  deci-ease  in  the 
specific  rotation  and  therefore  proaumabiy  only  a  Hiaiill  pr()[)ortion  of 
active  material  wa.s  present.  Our  results  ap{>oar  to  favour  the  view 
that  the  comiKJuntls  examined  wore  esNeiitially  racemic  forms,  although 
this  idea  asHumcH  tliat  racomisation  had  taken  place  in  all  four 
anymuietric  KyHtuuiH  contained  in  the  galactose  molecule. 

In  thih  connection,  it  should  be  noted  that  iu  his  condensation  of 
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galactose  with  methyl  alcohol  (Ber.,  1895,28,  1154)  Fischer  states 
that  in  addition  to  the  two  isomeric  methylgalactosides,  a  third 
substance  of  a  glucosidic  nature  is  produced.  This  compound  was 
evidently  formed  by  the  long-continued  action  of  methyl  alcohol 
containing  0*25  per  cent,  of  hydrochloric  acid  on  either  galactoside, 
and  it  seems  likely  tliat  the  alkylated  proilucts  described  above 
represent  the  methylated  derivatives  of  this  unknown  substance. 

The  above  results  emphasise  the  importance  of  starting  with  glucosidee 
of  known  composition  and  purity  in  work  on  alkylated  sugars,  an 
otherwise  the  values  obtained  for  the  specific  rotations  may  be 
incorrect. 

For  the  preparation  of  pure  crystalline  jS-methylgalactoside  we 
adopted  the  process  which  Van  Ekenstein  describes  for  the  correspond- 
ing glucoside.  The  same  difficulty  was  experienced  in  separating  the 
a-  and  /3-forms,  but  slow  crystallisation  from  80  per  cent,  alcohol  gave 
the  desired  compound  melting  at  106 — 109^  and  showing  practically  no 
rotation  in  alcoholic  solution. 

Alkylation  gave  a  nearly  quantitative  yield  of  a  glucosidic  oil 
which  crystallised  readily  when  nucleated  with  tetramethyl  ^-methyl- 
galactoside.  After  drying  on  a  tile  and  recrystallisation  from  light 
petroleum,  the  crystals  melteil  at  38 — 40°. 

C  =  52-62;  H  =  8-80. 

CnHagOa  requires  C  =  52-80  ;  H  =  8-80  per  cent. 

The  specific  rotations  of  the  compound  were  redetermined. 

Solvent.  c.  /.  a*".  [a]^. 

Ethyl  alcohol  2-720         2  -114°          -20  98° 

Water  2082         2          +1-30  +3122 

The  numbers  already  published  by  us,  -  20'9°  and  +  30-7° 
respectively,  ai*e  thus  confirmed  and  the  preparation  correlates  our 
crystalline  alkylated  raethylgalactoside  with  ^-methylgalactoside. 

In  conclusion,  we  desire  to  express  our  thanks  to  Professor  Purdie, 
who  placed  his  research  laboratory  at  our  disposal  and  gave  us  the 
benefit  of  his  kindly  interest  and  advice,  and  also  to  the  Executive 
Committee  of  the  Carnegie  Trust  for  defraying  the  entire  cost  of  the 
investigation. 

Chemical  Research  Laboratory, 

Unitkd  College  of  St.  Salyator  and  St.  Leonard, 
University  of  St.  Andrews. 
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XCIV. — The  Thermal  Decomposition  of  Formaldehyde 
and  Acetaldehyde. 

By  William  Arthur  Bcxe  and  Henry  Llewellyn  Smith. 

A  KNOWLEDGE  of  the  beliaviour  of  formaldehyde  and  acetaldehyde  at 
high  temperatures  is  essential  to  the  correct  interpretation  of  the 
reactions  concerned  in  hydrocarbon  flames,  and  we  have  accordingly 
made  a  number  of  experiments  at  temperatures  between  400°  and 
1150°,  the  results  of  which  are  summarised  in  this  paper. 

The  general  arrangement  of  the  apparatus  employed  in  most  of  the 
experiments  is  shown  in  the  accompanying  diagram.     The  vapour  of 
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the  aldehyde  under  investigation  was  admitted  into  the  vacuous  glazed 
porcelain  tube,  A  (285  cm.  long,  1"3  cm.  internal  diameter,  capacity 
=  34  c.c),  which  had  been  previously  heated  to  the  desired  experi- 
mental temperature.  Tlie  body  of  A  terminated  in  long  narrow  ends 
(2  mm.  bore)  which  projected  for  some  distance  beyond  the  heated 
zone.  The  cold  ends  were  joined  by  stout  pressure  tubing  to  the 
glass  stopcocks,  a  and  h,  thi'ough  which  connection  could  bo  made  with 
the  aldehyde  vaporiser  or  with  the  manometer,  M,  and  thence,  through 
the  stopcock,  c,  with  an  automatic  Sprengel  pump,  as  circumstances 
required. 

A  small  glass  worm  (not  shown  in  the  diagram)  containing  about 
6  c.c.  of  water  was  inserted  between  the  stopcock  c  and  the  pump. 

To  ensure  the  uniform  heating  of  A  it  was  fixed,  by  means  of  brass 
joints  with  stufllng  boxes,  co  axially  with  the  wider  porcelain  tube,  B 
(45  cm.  long  and  1"7  cm.  internal  diameter) ;  the  two  tubes  rested  on 
the  bed  of  a  powerful  furnace  (."Jj  cm.  long),  the  gas  supply  of  which 
was  regulated  by  a  Stott  governor.  A  slow  current  of  dry  hydrogen 
was  maintained  through  the  annular  space  between  A  and  li,  during 
tli(!  whole  of  ejich  experiment.  All  temperatures  wore  dotorminod  by 
moiinsof  a  Le  Cbalelier  thormo- junction. 

J^fore  the  aldehyde  vapour  was  admitted  to  the  vacuous  tube,  the 
Htoj>cockH  a  and  c  were  closed,  whilst  h  remained  open,  thus  leaving 
the  tube  in  connectioD  with  the  manometer  only.      Immediately  after 
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the  admission  of  the  vapour,  a  was  again  shut,  and  the  movement  of 
the  mercury  in  the  manometer  observed  during  the  whole  period  of 
heating.  At  the  end  of  each  experiment,  the  gases  in  A  were  with- 
drawn by  the  pump,  through  the  water  in  the  glass  worm,  into  tubes 
over  mercury,  where  they  were  allowed  to  remain  in  contact  with  sticks 
of  zinc  chloride  for  several  hours  (to  ensure  the  removal  of  traces  of 
aldehyde  vapour)  before  being  analysetl.  After  the  tube  A  had  been 
completely  exhausted,  it  was  finally  burnt  out  with  oxygen  in  or<ler  to 
prove  whether  or  not  the  decomposition  of  the  aldehyde  liad  been 
attended  by  any  separation  of  carbon. 

A.  Expt^nnumts  with  Fonncddehyde. 

(a)  Experiments  with  formaldehyde  vapour  were  made  at  400°,  500°, 
700°,  900°,  and  1125°.  At  all  temperatures  above  700°,  practically  the 
whole  of  the  vapour  decomposed  into  carbon  monoxide  and  hydrogen 
as  soon  as  it  entered  the  hot  tube  ;  the  manometer  never,  in  fact, 
indicated  any  rise  in  pressure  after  the  tube  had  once  been  filled  at 
atmospheric  pressure,  an  operation  which  did  not  occupy  more  than 
two  or  three  seconds.  At  SOO'^,  a  slight  increase  in  pressure  was 
observed  when  the  tube  was  very  quickly  tilled,  but  not  if  the 
admission  of  the  vajiour  extended  over  15  or  20  seconds.  In  the  ex- 
periments at  400°,  the  manometer  indicated  an  increase  in  pressure  of 
about  100  mm.  within  the  first  minute  after  the  tube  had  been  filled 
at  the  atmospheric  pressure ;  any  further  increase  in  pressure  was 
always  very  small. 

Although  the  decomposition  above  500°  was  so  exti-emely  rapitl,  it 
never  seemed  to  be  quite  complete  ;  traces  of  formaldehyde  could 
usually  be  detected  in  the  exit  ga.ses  even  at  1125\  These  obser- 
vations cannot,  however,  be  accepted  as  absolute  proof  that  the 
decomposition  is  reversible,  since  ti-aces  of  vapour  might  have  been 
shot  through  the  tube  during  the  filling  operation,  and  have  condensed 
in  the  cold  capillary  connections  leading  to  the  manometer.  Whilst 
the  gaseous  products  were  mainly  composed  of  nearly  equal  propor- 
tions of  carbon  monoxide  and  hydrogen,  they  always  contjiined  a  small 
quantity  of  a  saturated  hydrocarbon,  presumably  methane,  as  well  as 
traces  of  carbon  dioxide.  There  can  be  no  doubt,  however,  that  at  all 
temperatures  decomposition  mainly  occurs  in  accordance  with  the 
equation  H.X'IO  =  H^  +  CO. 

In  the  exj'erioients  at  400°  and  500°,  however,  there  were  in- 
dications that  the  main  decomposition  was  accompanied  by  some 
more  complex  change  involving  a  preliminary  "  condensation "  of  a 
portion  of  the  vapour.  Thus,  for  instance,  after  the  tube  had  been 
tilled  at  400°,  the  manometer  inu'cated  a  momentary  diminution 
followed  by  a  i"apid  increase  in  pressure. 
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Tt  is  important  to  observe  that  in  none  of  the  experiments  was  there 
the  slightest  separation  of  carbou.  The  significance  of  this  fact  in 
connection  with  the  subject  of  hydrocarbon  combustion  will  be  con- 
sidered in  a  future  communication. 

The  details  of  a  typical  series  of  experiments  are  tabulated 
below : 


imposition 
of  piodiu-ts. 


(6)  The  question  whether  or  not  the  decomposition  of  formaldehyde 
is  to  any  appreciable  extent  reversible  under  the  conditions  just 
described  is  of  interest  in  connection  with  the  subject  of  flame 
reactions.*  It  has  been  shown  in  a  previous  paper  (Bone  and  Wheeler, 
Trans.,  1903,  83,  1087)  that  no  detectable  quantity  of  formaldehyde  is 
produced  when  a  mixture  of  equal  volumes  of  moist  carbon  monoxide 
and  hydrogen  is  continuously  circulate  J  over  a  hot  surface  of  porous 
porcelain  for  two  days  at  4G0 — 480°,  We  have  twice  repeated  this 
experiment  with  the  t-ame  negative  result. 

In  two  other  experiments  we  have  circulated  a  similar  mixture, 
saturated  with  moisture  at  14°  and  26°  respectively,  in  an  apparatus 
comprising  (1)  the  porcelain  tubes  A  and  B  heated  to  a  temperature  of 
from  1050 — 1080°,  (2)  a  cooled  worm  containing  about  20  c.c.  of 
water,  (3)  a  manometer  and  automatic  pump  with  the  necessary 
retui-n  connections.  The  total  capacity  of  the  apparatus  was  about 
250  c.c.  Each  experiment  lasted  4  liours,  and  the  gaseous  mixture 
(pressure  =  438  and  400  mm.  respectively)  completed  a  circuit  once 
every  10 — 15  minutes.  The  results  were,  however,  entirely  negative  ; 
there  was  little  or  no  alteration  in  pressure  (if  anything  a  slight. 
increaxe,  but  certainly  under  1  per  cent.)  and  no  detectable  formation 
of  formaldehyde.  The  Schilf's  reagent  used  for  the  tests  was  very 
HonKitivo,  and  gave  a  distinirt  reaction  with  a  solution  containing  one 
part  in  a  million  of  formaldehyde. 

It  was  our  original  intention  to  pursue  the  inquiry  further  in  this 

•  \Vc  may  tako  IIiIh  o|i]i()rtuiiily  of  at;  tinf{  that  oiiu  of  uh,  in  coiijuiuliuu  with 
Dr.  Jnlii'ti  Dtn^man,  lian  di'tcctoil  ilu!  fu.  mulion  of  aldtliyddN  in  liydrucuiiiun  lIumcH, 
Ktid  tliat  ht  n  lung  tiiiiu  pant  wu  have  Ixso'-i  working  on  thu  Mubjeut. 
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direction,  as  j^art  of  the  investigation  on  hydrocarbon  combustion  on 
which  one  of  us  is  engaged.  On  finding,  however,  that  Messrs.  D.  L. 
Chapman  and  A.  Holt  had  started  experiments  on  the  conditions  of  the 
formation  of  formaldehyde  (if  any)  in  the  system  CO.^,  CO,  H.^  and  H^O 
at  high  temperatures,  we  decided  to  leave  the  fui-ther  working  out  of 
the  matter  in  their  hands. 

(c)  The  changes  which  occur  when  the  vapour  of  formaldehyde  is 
kept  at  SSC  in  borosilicato  glass  bulbs  under  considerable  pressure,  or 
is  slowly  passed,  undiluted,  over  a  hot  t^urface  of  porous  porcelain, 
cannot  be  represented  by  any  simple  equation.  The  effect  of  pressure, 
in  absence  of  oxygen,  on  the  undiluted  vajx)ur  is  to  promote  a  series  of 
"condensations"  or  polymerisations,  and  the  resultant  molecular 
complexes  subsequently  break  up  again  yielding  simple  gaseous 
products.  In  the  experiments  with  borosilicate  glass  bulbs  there  was 
no  separation  of  carbon,  but  oily  intermediate  products  were  formed. 
The  gases  consisted  mainly  of  carbon  monoxide  and  hydrogen,  but  the 
ratio  CO/H2  was  high  and  variable.  In  one  experiment  in  which  the 
undiluted  vapour  was  passed  over  porous  porcelain  at  475°  the  gaseous 
products  contained  : 

CO.^  =  19-35  ;  CO  =  44  90 ;  Hj  »  24-7  ;  saturated  hydrocarbon  =  11  05 

per  cent.* 

Some  water  was  formed,  and  there  was  also  a  little  darkening  of  the 
white  surface  of  the  porcelain. 

Such  complex  changes  as  are  here  indicated  do  not,  we  believe, 
come  into  play  to  any  appreciable  extent  in  combustion  processes, 
where  the  formaldehyde  has  only  a  very  brief  existence ;  it  either  very 
rapidly  falls  a  victim  to  the  oxygen,  or  decomposes  simply  into  carbon 
monoxide  and  hydroi;en. 

B.     Experiments  ivith  AcetiJdehyde. 

(a)  At  400^^. 

At  this  temperature,  much  of  the  aldehyde  decomposed  as  soon  as  it 
entered  the  hot  tube  ;  the  following  pressure  records,  however,  indicate 
the  rather  slow  disappearance  of  last  portions  of  the  vapour. 


Pressure 

after 

0. 

1. 

2. 

5. 

10. 

60    minutes. 

Expt.     I. 

756 

860 

868 

— 

— 

—         mm. 

„      11. 

794 

940 

— 

— 

972 

>> 

M     HI. 

755 

892 

— 

990 

— 

1048         „ 

*  The  ratio   C/A  obtained  in   the  explosion  of  the   residual  gas  after  renioral 
of  oxides  of  carbon  and  hydrogen  was  1  53. 
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There  was  no  carbon  deposited  in  any  of  these  experiments,  the 
gaseous  products  consisting  of  practically  equal  volumes  of  methane 
and  carbon  monoxide,  as  is  shown  by  the  following  typical  analysis : 

CO^  =  0-3  ;  CO  =  50-2  ;  CH^  =  49 -5  per  cent. 

The  ratio  CjA  obtained  in  the  explosion  analysis  of  the  residual  gas 
after  removal  of  the  oxides  of  carbon  was  exactly  2*00,  proving  the 
absence  of  hydrogen.  The  decomposition  at  this  temperature  may 
therefore  be  expressed  by  the  equation  : 

CHg-CHO  =   CH4   +   CO. 

(6)  At  600°. 

At  this  temperature,  a  very  rapid  decomposition  took  place,  although 
the  last  traces  of  aldehyde  again  disappeared  rather  slowly.  The 
following  are  the  pressure  records  of  two  typical  experiments  which 
extended  over  2  and  10  minutes  respectively. 

Pressure  in  mm.  after 

0.  1.  2.  10    minutes. 

Expt.     I.     773  803  807        — 

„      II.     781  810  —        838 

In  each  experiment,  some  carbon  was  deposited  in  the  hot  tube,  and 
the  gaseous  product  contained  hydrogen,  as  well  as  methane  and 
carbon  monoxide,  but  no  acetylene.  Their  percentage  composition 
was  as  follows  : 

Expt.  1.  Expt.  2. 

Carbon  monoxide 487  480 

Methane    457  430 

Hydrogen 5-G  90 

An  interesting  point  about  these  results  is  the  appearance  of  carbon 
and  hydrogen  in  the  products.  Now  methane  itself,  wo  have  found, 
does  not  decompose  into  carbon  and  hydrogen  below  800°,  and  even 
then  very  slowly.  When,  however,  wo  consider  that  the  decomposition 
of  Jicotaldehyde  into  methane  and  carbon  monoxide  involves  the  dis- 
solution of  the  bond  between  the  two  carbon  atoms  and  the  wandei-ing 
of  a  hydrogen  atom  fron^  the  sphere  of  attraction  of  the  one  carbon 
into  that  of  tlio  otlier,  the  partial  breaking  down  of  the  sy.steui 
at  GOO"  into  carbon,  hydrogen,  and  carbon  monoxide  is  not  difficult 
to  iindurstand. 
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(c)  At  800°. 

At  this  temperature,  there  was  a  still  greater  formation  of  carbon 

and  hydrogen  at  the  exjjense  of  methane,  and  also  traces  of  acetylene 

could  be  detected  in  the  products.     We  need  only  give  the  percentage 

composition  of  the  gases  obtained  in  two  experiments,  which  extended 

over  2  and  10  minutes  respectively. 

Duration  of  heatiag. 

, * , 

2.  10    minutes. 

Carbon  dioxide  and  acetylene  ...  0*5  075 

Carlx)n  monoxide  42*3  40"10 

Methane 263  2075 

ITydrogen   30-9  3840 

(d)  In  Borotilicate  Glass  Bulbs  at  350°. 

Experiments  were  also  made  in  which  borosilicate  glass  bulbs  filled 
with  the  aldehyde  vapour  at  30°  and  under  atmo.spheric  pressure  were 
maintained  at  350°  for  24  hours.  The  products  of  decomposition, 
which  were  under  considerable  pressure,  consisted  of  practically  equal 
proportions  of  carbon  monoxide  and  methane ;  there  was  neither 
separation  of  carbon  nor  liberation  of  hydrogen. 

(e)  At  450—500°  in  Contact  with  Porous  Porcelain. 

The  changes  which  occur  when  the  undiluted  vapour  of  acetaldehyde 
is  slowly  passed  over  a  hot  surface  of  porous  porcelain  are  materially 
different  from  those  already  considered.  For  these  experiments,  the 
apparatus  was  so  arranged  that  the  aldehyde  vapour  traversed  a  Jena 
glass  combustion  tube  (80  cm.  long)  closely  packed  with  porous 
porcelain  heated  to  450 — 500^.  The  volatile  products  of  decomposition 
passed  onwards  into  a  large  empty  worm,  where  liquids  condensed,  and 
from  thence  through  a  wash  bottle  containing  water.  The  gaseous 
products  were  afterwards  collected  over  mercury,  and,  after  remaining 
in  contact  with  sticks  of  zinc  chloride  for  several  days,  were  finally 
analysed.  The  aldehyde  very  rapidly  det:omposed  ;  pungent,  white 
fumes  issued  from  the  combustion  tube  and  condensed  in  the  dry 
worm,  whilst  much  gas  was  obtained,  and  the  white  jx)rcelain  surface 
was  blackened  with  a  deposit  of  carbon. 

The  condensable  liquid  products  sepai-ated  into  an  aqueous  portion 
and  a  brown,  pungent  oil,  which  mainly  consisted  of  imsatui-ated  alde- 
hydes (crotonaldehyde,  »fec.).  The  gases  obtained  in  one  experiment 
consisted  of  ethane  and  carbon  monoxide  in  nearly  equal  proportions, 
whilst  those  from  another  experiment  contained 

C02  =  2-5;    CO  =  500;  CH^=18-7;    C2Hg=13-8,   and   C,H^,    4c.,= 

140  per  cent. 
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Evidently,  therefore,  the  porcelain  had  induced  the  aldol  condensa- 
tion, which  would,  of  course,  give  rise  to  crotonaldehyde  and  steam. 
The  production  of  ethane,  carbon  monoxide,  and  carhon  may  be 
ref ex-red  to  a  dimolecular  condensation,  thus  : 


CH3.C<S  CH3 


H    ^    y--3 

s  '-'"^H  3 


CH3-C<S  CH 


CO 
C 


HOH. 


Such  complex  changes  can,  however,  hardly  play  any  very  prominent 
part  in  combustion  phenomena  when  the  aldehyde  is  always  much 
diluted  and  very  rapidly  burnt  by  oxygen,  and  we  have  not,  therefore, 
made  any  very  detailed  study  of  them. 

In  conclusion,  we  have  pleasure  in  thanking  Mr.  G.  W.  Andrew, 
B.Sc,  for  some  valuable  help  during  the  later  experiments,  and  also 
the  Government  Grant  Committee  of  the  Royal  Society  for  gi-ants 
which  have  partly  defrayed  the  expenses  connected  with  the  work. 

The  University, 

Manchester. 


XCV. — The  Synthesis  of  Formaldehyde. 

By  David  Leonard  Chapman  and  Alfred  Holt,  jun. 

The  conditions  determining  the  formation  of  formaldehyde  from  simple 
gases  are  interesting  from  more  than  one  point  of  view.  For  example, 
if  it  could  be  shown  to  be  one  of  the  substances  occurring  in  the 
"  producer  "  or  in  the  "  water-gas  "  system,  its  presence  could  not  be 
ovf  rlookcid  in  the  consideration  of  the  simplest  examples  of  combustion. 
KormalthOiydo,  again,  in  its  bearing  on  the  ipiostion  of  the  assimilation 
of  carbon  by  plants  is  of  no  less  interest.  In  this  counoction,  O.  Loow 
(///fr.,  1H88,  21,  270)  has  shown  that  in  specified  circumstances  sugars 
roMult  from  the  condensation  of  formaldehyde,  and  J.  N.  Collie  (Trans., 
1901,  79,  1003)  has  put  forward  scvoral  probable  suggestions  with 
roforonco  to  the  nature  of  tin*  changes  involved.*  Brodie  (JVoc.  Roy. 
Hoe.,  1H73,  22,  172)  proved  that  formaldehyde  is  produced  when  the 
Kilcnt  (liHchargo  is  pas.sod  through  a  mixture  of  carbon  dioxide  and 
hydrogon.     JIo  had  previously  observed  {I'roc.  Roy.  A'oc,  1S72,21,  245) 

*  Referencus  to  work  dealing  with  tho  pouililu  (<xi.steucu  of  ronnaldchyde  in 
|>Utit«  can  be  obtained  from  The  Synlheiii  of  Vital  Products,  by  II.  Meldola. 
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that  marsh  gas  is  obtained  under  the  same  conditions  from  carbon 
monoxide  and  hydrogen.  Losanitsch  and  Jovitschitsch  (Ber.,  1897, 
30,  136),  De  Hemptinne  {BulL  Acad.  Roy.  /fe/y.,  1897,  34,  269),  and 
Solvay  and  Slosse  {Bull.  Acad.  Roy.  Belg.,  1898,  35,  547),  who 
repeated  the  last-mentioned  experiment  of  Brodie,  have  found  form- 
aldehyde in  the  products.  The  evidence  that  formaldehyde  is 
produced  both  when  a  mixture  of  carbon  dioxide  and  hydrogen  and 
also  when  one  of  carbon  monoxide  and  hydrogen  are  submitted  to  the 
influence  of  the  silent  electric  discharge  is  accordingly  conclusive. 
The  work  referring  to  its  production  without  employing  the  agency  of 
the  silent  discharge  is  not  so  comprehensive.  Sixteen  years  ago  it  was 
stated  by  Jalin  {Ber.,  1889,  22,  989),  in  a  short  preliminary  notice, 
th^t  carbon  monoxide  united  with  the  hydrogen  absorbed  in  spongy 
palladium  with  the  formation  of  formaldehyde.  The  work  has,  so  far 
as  we  know,  neither  been  confirmed  nor  extended.  Bach  (Compt.  reiul.^ 
1898,  126,  479)  has  shown  that  carbon  dioxide  in  aqueous  solution 
is  reduced  to  formaldehyde  by  the  hydrogen  absorbed  in  palladium, 
but  does  not  mention  whether  a  similar  change  takes  place  when  the 
reacting  substances  are  in  the  gaseous  condition. 

Some  of  our  experiments  with  a  mixture  of  carbon  monoxide  and 
hydrogen  furnished  results  of  an  almost  negative  character.  Of 
these — as  the  cause  of  the  small  yield  of  aldehyde  is  as  yet  a  matter  of 
uncertainty — a  short  account  will  suttice.  The  experiments  in  question 
deal  with  the  interaction  of  carbon  monoxide  and  hydrogen  at  a  low 
temperature  in  the  presence  of  a  nickel  surface.  We  were  influenced 
in  our  choice  of  nickel  as  a  catalysing  surface  by  reason  of  its 
energetic  action  on  carbon  monoxide,  a  property  which  at  least  points 
to  the  possibility  of  its  being  the  best  means  of  accelerating  the 
reaction  between  the  two  ga-es.  The  nickel  in  the  form  of  closely 
wrapped  gauze  was  contained  in  a  hard  glass  tube  which,  during  the 
exi>erimeiit,  was  maintained  at  a  tempei-ature  of  480 — 500^.  A  slow 
stream  of  the  gases  mixed  in  different  proportions  was  passed  back- 
wards and  forwards  through  the  tube  for  periods  of  time  varying  in 
the  different  experiments  from  3  to  8  hours.  The  products  after 
passing  over  the  heated  nickel  gauze  were  led  first  through  ice-cold 
water  and  then  through  a  dilute  solution  of  baryta  in  order  to  remove 
the  aldehyde  and  carbon  dioxide.  The  gases  were  sometimes  used  in 
the  di'ied  and  at  other  times  in  the  moist  condition.  As  was  to  be 
expected,  carbon  was  formed  in  the  presence  of  the  nickel,  and  the 
baryta  water  was  almost  instantly  rendered  turbid  by  the  liberated 
carbon  dioxide.  The  gas  issuing  from  the  heated  portion  of  the  tube 
deposited  moisture  on  cooling,  and  the  water  contained  in  solution 
some  organic  substance  which  was  not  identified.  After  an  experi- 
ment, the  ice-cold  water  was  fii'st  boiled  for  a  short  time  to   expel 
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carbon  monoxide,  and  then  tested  for  aldehyde.  In  no  case  could 
distinct  evidence  of  an  aldehyde  be  obtained  with  SchifE's  reagent, 
although  the  presence  of  a  minute  quantity  of  formaldehyde  was 
indicated  by  the  delicate  test  recently  published  by  W.  B.  Ramsden 
(Mem.  Mmichester  Phil.  Soc,  1905,  33,  49),  In  one  case,  an  experiment 
■was  ti'ied  under  similar  conditions  to  those  described  above,  but 
with   poi'ous   porcelain    (containing  finely    divided    platinum    within 

its  interstices)  as  a  cata- 
lyser.  No  formaldehyde 
could,  however,  be  dis- 
covered with  Schiff's  re- 
agent in  the  products  ob- 
tained (Bone  and  Wheeler, 
Trans.,  1903,  83,  1087). 
In  spite  of  the  fact  that 
Jahn,  under  conditions  not 
very  different  from  those 
employed  by  us,  obtained 
formaldehyde  in  suflicieut 
quantity  to  impart  its  char- 
acteristic smell  to  the  water 
in  which  it  was  collected, 
frequent  failure  on  our  part 
to  obtain  more  than  the 
slightest  indication  of  this 
substance  induced  us  to 
alter  the  method  of  pro- 
cedure. The  gases  were 
heated  with  a  wire  raised 
to  incandescence  by  an 
electric  current  instead  of 
being  passed  through  a  hot 
tube.  We  have  succeeded 
in  showing  tiiat  when 
hydrogen  is  heated  with 
carbon  dioxide,  and  when 
carbon  monoxide  (alone  or 
mixed  with  hydrogen)  is  hoatcd-with  Mteam  by  means  of  "platinum 
wire,  formaldehyde  is  produced  in  appreciable  quantity. 

The  gases  were  containoJ  in  a  large  glass  globe  (Fig.  1)  with  a 
ground  glass  joint,  A,  at  the;  neck.  Attnchcd  to  tlui  ghiss  joint  were 
two  tubes,  B  and  Ji' ,  into  wiiioh  the  thick  platinum  wires,  />,  J)',  were 
fused.  Above  the  protruding  ends  of  the  platinum  wires,  two  tubes, 
Ct  C,  served  an  mercury  cup8.     The  iiae  platinum  wire,  E,  was  sus- 
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pended  from  hooks  at  the  end  of  D  and  />',  and  could  therefore  be 
easily  replaced  in  the  event  of  its  fusing.  The  gases  were  admitted  to 
the  globe  by  means  of  the  tube,  F.  The  bottom  of  the  glol>e  com- 
municated with  a  U-tube,  G,  which  was  kept  cool  during  an  experi- 
ment.    To  the  end  m  of  the  U-tul>e  a  manometer  was  attached. 

The  liydrogen  was  prepared  by  the  electrolysis  of  dilute  sulphuric 
acid.  The  carbon  monoxide  was  obtained  either  from  sodium  formate 
or  formic  acid  by  the  action  of  sulphuric  acid,  ticcording  to  the  direc- 
tions given  by  Prof.  Dixon  {I'hU.  Trans.,  1893,  184,  167),  and  was 
washed  by  passing  it  thi'ough  a  solution  of  caustic  alkali.  The  gases 
were  collected  in  glass  gas-holdeii*  over  water. 

Some  precautions  must  be  observed  in  applying  Schiff's  test.  We 
find  that  the  reagent  is  most  easily  prejiared  by  saturating  a  strong 
solution  of  rosaniline  hydrochloride  with  sulphur  dioxide,  and  then 
removing  the  excess  of  sulphur  dioxide  with  the  water-pump.  Bone 
and  Drugman  add  a  few  drops  of  the  reagent  to  the  liquid  to  be  tested, 
and  then,  after  several  hours,  acidify  with  hydrochloric  jvcid,  whereby 
the  difference  between  the  test  and  the  blaixk  is  intensified.  We  find 
that  by  substituting  sulphuric  for  hydrochloric  acid  the  tint  assumed 
by  the  aldehyde  solution  is  blue  instead  of  violet,  so  that  there  is  a  still 
greater  contrast.  If  the  test  is  performed  in  this  way,  the  colour 
obtained  with  acetaldehyde  is  (juite  distinct  from  that  given  by  form- 
aldehyde, the  former  on  standing  becoming  green  and  the  latter  blue. 

An  experiment  was  performed  in  the  following  way.  The  globe 
was  first  exhausted  and  then  the  gases  were  separately  admitted  by 
means  of  a  three-way  tap  attached  to  the  tube  /',  the  amount  of  each 
gas  introduced  being  indicated  by  the  manometer.  The  U-tube,  G,  was 
surrounded  by  cold  water  during  the  expei'iment.  The  fine  platinum 
wire  was  heated  electrically,  and  maintained  at  a  temperature  near 
the  melting  point  of  platinum. 

Uxpei'iments  with  Carbon  Monoxide  and  liydrogen. 

I.  Volume  of  CO  =  330.     Volume  of  Hg  =  335. 

The  heating  was  continued  for  18  hours  with  the  wire  almost  at  a 
white  heat.  The  contraction,  on  cooling,  was  found  to  te  9/665ths  of 
the  total  volume.  The  liquid  in  the  U-tube  gave  a  faint  but  distinct 
aldehyde  i*eaction  with  Schiff's  reagent. 

II.  Volume  of  CO  =  288.     Volume  of  H^  =  262. 

The  wire  was  heated  to  bright  redness  for  3  hours,  and  to  whiteness 
for  another  hour.  The  final  pressure  was  not  taken  owing  to  the 
breaking  of  the  globe.  The  water  in  the  globe  gave  a  very  faint 
aldehyde  reaction  with  Schift"'s>  reagent. 
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The  two  experiments  prove  that  aldehyde  is  formed  with  difficulty 
when  equal  volumes  of  carbon  monoxide  and  hydrogen,  saturated  with 
water  vapour  at  the  ordinary  temperature,  are  heated  together  under 
the  conditions  of  the  experiment. 

Experiments  with  Carbon  Dioxide  and  Hydrogen. 

I.  Volume  of  CO  =  273.     Volume  of  H^  =  331. 

The  wire  was  heated  almost  to  whiteness  for  a  little  over  5  hours. 
The  contraction,  on  cooling,  was  found  to  be  219  volumes,  which  is 
80"2  per  cent,  of  the  volume  of  carbon  dioxide  taken.  The  liquid  in 
the  apparatus  gave  a  strong  reaction  for  formaldehyde,  and  also  a 
faint  iodoform  reaction. 

II.  Volume  of  CO.^  =  266.     Volume  of  Hg  =  379-5. 

The  wire  was  maintained  almost  at  a  white  heat  for  15|  hours.  The 
contraction,  after  cooling,  was  found  to  be  250  volumes,  which  is  93  9 
per  cent,  of  the  volume  of  carbon  dioxide  taken.  The  liquid  in  the 
appai'atus  contained  appreciable  quantities  of  formaldehyde.  Two 
duplicate  experiments  gave  similar  results. 

Experiment  with  Carbon  Monoxide,  Hydrogen,  and  Steam. 

Having  satisfied  ourselves  that  a  mixture  of  moist  carbon  monoxide 
and  hydrogen  yielded  very  little  aldehyde,  whereas  a  mixture  of  carbon 
dioxide  and  hydrogen  gave  an  apprtciablo  quantity,  some  reason  had 
to  be  found  for  the  difference.  It  was  thought  that  the  main  cause 
of  the  discrepancy  might  lie  in  the  constant  pioduction  of  water  in  the 
latter  case,  which  would  aid  in  the  removal  of  the  freshly  formed 
aldehyde.  The  experiment  was  therefore  modified  in  one  particular. 
Before  introducing  the  carbon  monoxide  and  hydrogen,  a  small  test- 
tub©  containing  water  was  suspended  from  D  D'  immediately  above 
the  heated  wire  E,  which  served  to  heat  the  test-tube  and  slowly 
evaporate  the  water  contained  in  it. 

The  yield  of  formaldehyde  obtained  in  one  experiment  performed  in 
tbiu  way  was  materially  increased. 

Volume  of  CO  =  328.     Volume  of  Hj  =  206. 

The  heating  waH  continued  for  3  hours,  during  which  time  a  small 
oxpaiiHion  of  10  mm.  was  observed.  In  s[)ito  of  the  short  duration  of 
the  exjHn'imont,  tlio  condensed  water  conliiined  a.  (^oniparatively  largo 
amount  of  formaldehyde. 
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Experiments  with  Carbon  Monoxide  and  Steam. 

As  tuight  be  expected  from  the  result  obtained  with  carbon  mon- 
oxide, hydrogen,  and  steam,  an  appreciable  quantity  of  formaldehyde 
was  produced  when  the  gases  did  not  initially  contain  hydrogen.  Two 
experiments  were  performed,  both  yielding  similar  results. 

I.  Volume  of  CO  =  381. 

The  wire  was  heated  for  4i  hours,  and  on  cooling  it  was  found 
that  the  gases  had  expanded  34/38  Iths  of  the  original  volume  of  the 
carbon  monoxide.  The  liquid  in  the  globe  contained  a  comparatively 
large  quantity  of  formaldehyde. 

II.  Volume  of  CO  -  383. 

The  heating  was  continued  for  18^  hours.  The  expansion  was 
-16/383rds  of  the  volume  of  carbon  monoxide  taken.  An  intense 
colour  was  obtained  with  Schiff's  reagent. 

Coiicltinon. 

This  work  establishes  the  fact  that,  in  the  system  containing  carbon 
monoxide,  hydrogen,  water,  and  carbon  dioxide,  formaldehyde  is  un- 
doubtedly produced  at  high  temperatui-es. 

TUK  YlCTUlilA   UNlVEliSITY  01"  MaHCUKSTKK. 


XCVl. — The    Diazo-derivalives  of  the    Monoacetylated 
A  roniatic  Para-diamiiies. 

By  Gilbert  Thomas  Morgan  and  Frances  Mary  Gore  Micklethwait. 

A  STUDY  of  the  diazonium  salts  derived  from  camphor-^-sulphonyl- 
jo-phenylenediamine  and  beuzenesulphonyl-j:;-phenylenediamine  showed 
that  these  substances  readily  gave  rise  to  a  new  type  of  diazo-com- 
pound,  of  which  benzenesulphonyl-jj-phenylenediazoimide, 

is  the  simpler  example. 

The  investigation  has  now  been  carried  a  step  further  with  the 
object  of  ascertaining  whether  the  condensation  occurs  with  the 
sulphonyl  derivatives  of  other  para-diamines,  and  also  whether  any 
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change  of  this  kind  occurs  when  the  sulphonyl  complex  is  I'eplaced  by 
another  acyl  group. 

The  results  indicated  in  the  experimental  part  of  this  communica- 
tion show  that  the  reaction  represented  by  the  following  equation  : 


2 


RSOa-NH-X-Ng-OH  -  HgO  =  X<g.  ""^ 


4 


is  fairly  general  for  aromatic  para-diamines  containing  a  complex  of 
the  type  RSOg'NH,  and  altogether  seven  examples  of  this  series  have 
now  been  studied. 

On  the  other  hand,  no  indication  could  be  obtained  of  the  production 
of  similar  diazo-anhydrides  with  acyl-^>diamines  containing  formyl, 
acetyl,  sticcinyl,  ahd  benzoyl  groups,  so  that  at  present  the  funda- 
mental reaction  represented  by  the  foregoing  equation  must  be 
regarded  as  being  restricted  to  the  mono-acylated  ^;-diamines  having 
one  RSOj  residue. 

The  changes  observed  in  the  case  of  benzoyl-;;-phenylenediamine  are 
somewhat  singular.  The  sparingly  soluble  hydrochloride  of  this  base 
yields  on  treatment  with  nitrous  acid  a  soluble  diazonium  salt, 
which  does  not  give  rise  to  an  anhydride  with  concentrated  aqueous 
sodium  acetate.  When,  however,  the  concentrated  diazo-solution  is 
poured  into  cold  aqueous  potassium  hydrogen  carbonate,  a  very  pale 
yellow,  crystalline  precipitate  is  produced,  which  consists  of  a  sparingly 
soluble  diazonium  carbonate  having  the  formula 

q,n5-CO-NH-C,5H4-N./HC08. 
This  substance  is  quite  stable  in  the  dry  state,  and  does  not  explode 
either  on  heating  or  by  percussion.  It  evolves  carbon  dioxide  on  treat- 
ment with  cold  hydrochloric  acid,  and  the  solution  yields  the  azo- 
compouod,  CgH^'CO'NlI'CVH^'Na'^io^^o'^l^'  when  poured  into  an 
alkaline  solution  of  /8-naphthol.  When  boiled  with  water  or  aqueous 
solutions  of  mineral  acids,  the  diazo-coniplox  is  destroyed,  and  benzoyl- 
;7-amiuophonol,  C,.,Ilj,-C0-MIl-('„Il4-0ll  (m.  p.  205—207°),  is  obtained. 

In  a  similar  manner,  when  the  acetic  acid  solution  of  the  diazotised 
beDzoyl-/>-phenylonediamine  is  })oured  into  cold  aqueous  sodium  nitrite, 
a  sparingly  soluble  crystalline,  yellow  diazonmm  nitrite, 

UoH^'00-NH-C„U^-Na-NOj, 
i«  deposited. 

This  compound  resomblos  the  diazonium  carbonate  in  readily  yielding 
azo-dorivativoH  with  the  phenols  and  arouiutic  diamines,  the  facility 
with  which  this  condensation  occurs  indicating  that  (.he  salt  is  a 
true  diazonium  compound,  in  spile  of  its  distinotly  yellow  hue.     The 
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appearance  of  colour  in  this  case  is  probably  to  be  attributed  to  the 
presence  of  a  nitrite  ion  rather  than  to  any  rean-angement  in  the  con- 
figuration of  the  diazo-complex. 

On  subjecting  the  monoformyl  and  monoacetyl  derivatives  of 
;?-phenylenedianiino  to  a  similar  series  of  operations,  these  substances 
did  not  furnish  insoluble  carbonates,  no  precipitate  being  formed  on 
pouring  the  diazo-solutions  into  aqueous  sodium  or  potassium  hydrogen 
carbonate.  The  diazo-solution  of  the  acetyl  derivative  (/;-aminoacet- 
anilide),  when  treated  with  aqueous  ammonia,  gave  rise  to  a  bulky 
brown  precipitate,  which,  when  washed  with  water  and  dried  on  porous 
tile,  had  the  properties  of,  and  gave  analytical  numbers  corresponding 
with,  the  nitrosoamine,  CHs'CO'NH-C^H^'NlI'NO.  When  dissolved 
in  aqueous  alkali  and  treated  with  /J-naphthol,  no  azo-derivative  was 
produced,  the  formation  of  the  compound, 

CHg-CO-NH-C^H^-Na-CioHa'OH, 
taking   place   only  when  the  nitrosoamine  is  first  dissolved  in  cold 
coiiceutratod  hydrochloric  acid,  and  the  diluted  solution  then  added  to 
an  alkaline  solution  of  the  naphthol. 

An  attempt  made  to  obtain  a  diazo-anhydride  by  treating  an  aqueous 
solution  of  j!>-aminoacetanilide  hydrochloride  with  the  calculated 
quantity  of  sodium  nitrite  and  then  adding  aqueous  sodium  acetate 
led  to  the  production  of  the  diazoamino-compound, 

CHa'CO-NH-C^jH^-Nj-NH-C^H^-NH-CO-CH,. 
This  substance  could  be  crystallised  from  alcohol,  whereas  the  fore- 
going nitrosoamine  was  decomposed  on  boiling  with  this  solvent. 

The  results  obtained  with  formyl-/>-phonylenediamine  were  quite 
similar.  Its  diazotised  solution  yielded  no  insoluble  compound  either 
with  sodium  acetate  or  potassium  hydrogen  carbonate,  but  gave  a 
brown  precipitate  of  the  nitrosoamine  on  treatment  with  ammonia. 
The  hydrochloride  of  the  formyl  base,  when  diazotised  and  combined 
with  a  molecular  proportion  of  the  free  base,  gave  rise  to  a  diazoamine, 
which,  however,  was  not  obtained  in  a  state  of  pui-ity. 

;>-Aminosuccinauilic  acid,  NH^'C^lI^'NU'CO'Cgll^'CO^H,  which 
was  obtained  by  reducing  j:>-nitrosuccinanil  and  partially  hydrolysing 
the  resulting  jy  aminosuccinanil,  when  diazotised  in  hydrochloric  acid, 
yields  a  diazonium  chloride,  COgH-CoH^-CO-NH-CgH/Nj-Cl.H.O. 
This  salt  crystallises  from  a  fairly  concentrated  solution  and  is 
quite  stable  in  the  dry  state ;  its  aqueous  solutions  do  not  yield 
insoluble  diazo-derivatives  with  aqueous  sodium  acetate,  potassium 
hydrogen  carbonate,  and  ammonia. 

An  attempt  to  prepare  the  diazoamine  of  benzenesulphonvl-y;- 
phenyleuediamine  showed  that  the  tendency  to  form  the  cyclic  diazo- 
imide  inhibits  the  production  of  this  derivative.     A  glacial  acetic  acid 

3  Q  2 
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solution  of  the  diazonium  chloi-ide  and  the  oi'iginal  base,  when 
treated  with  aqueous  sodium  acetate,  yielded  merely  a  mixture  of  the 
diazoimide  and  uncombined  benzenesulphonyl-j9-phenylenediamine. 

Experimental. 

I.   Arylaulphonyldiazoimides   of  the   Aromatic   -^-Diamines. 

( 1 )  NaphtJtalene-a-sulphonyl-T^-phenylenediazoimide, 


r 


\ 


y^aphthalene-a-sulpkonyl-Tp-nitroa7iilide,  NOg'CgH^'NH'SO^'CjoHY, 
was  obtained  by  heating  together  for  3  hours  20  grams  of  p-nitroaniline, 
17  grams  of  naphthalene-a-sulphonic  chloride,  and  100  c.c.  of  dry 
toluene,  the  solvent  being  then  evaporated  and  the  residue  boiled  with 
excess  of  sodium  carbonate.  The  filtered  solution  was  cooled,  the 
precipitated  nitroaniline  removed,  and  the  final  filtrate  acidified  with 
hydrochloric  acid.  The  precipitate,  when  thrice  crystallised  from 
alcohol,  separated  in  lemon-yellow  needles  melting  at  205 — 206°. 

0-4695  gave  36-7  c.c.  nitrogen  at  lO'^  and  747  mm.     N  =  8-84. 
Ci^HjgO^NgS  requires  N  =  856  per  cent. 

Naphtlialeiie-a-sulphoiiyl-'p-p/i^nylenediainine, 

was  prepared  by  reducing  the  preceding  compound  (12  grams)  with 
10  grams  of  iron,  300  c.c.  of  water,  and  4  c.c.  of  glacial  acetic  acid, 
the  yield  being  10*5  grams ;  it  does  not  crystallise  readily,  being  some- 
what too  soluble  in  the  ordinary  organic  solvents ;  after  two  crystal- 
lisations from  benzene,  it  separated  in  clusters  of  brown  needles  and 
melted  at  175". 

0-2454  gave  2M  c.c.  nitrogen  at  19°  and  747  mm.     N  =  9'72. 
CjijUj^OjjNjS  requires  N  =  9-39  per  cent. 

The  hydrochloride  of  the  base  is  only  sparingly  soluble,  but  when 
suKpcndodin  water,  cooled  and  treated  with  the  requisite  amount  of 
Bodium  nitrite  tlio  salt  dissolves  and  the  solution,  when  filtered  into 
an  oxccBH  of  aqueous  sodium  acetate,  yields  an  insoluble  cyclic  diazo- 
imide which,  when  washed  successively  with  water,  alcohol,  and  light 
p«troleum,  decompoHos  indefinitely  •  at  164 — 167°,  sintering  and  darken- 
ing at  about  120'\ 

*  Tho  dcconi)K)ititiuu  [loiuU  of  tboM)  diozoitaiduit  vary  couuidoiubly  with  thu  rato 
of  healing. 
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0-1694  gave  205  c.c,  nitrogen  at  19°  and  746  mm.     N  =  13-65. 
0-1542     „     0-1235  BaSO^.     8=1099. 

^leHuOgNaS  requires  N=  13-59  ;  8=1035  per  cent. 

This  cyclic  compound  dissolves  in  concentrated  hydrochloric  acid 
and  the  solution,  when  diluted  and  mixed  with  alkaline  /3-naphthol, 
gives  an  azo-compound  which,  as  is  usual  in  thi-^  sfiif'*,  sepjirates  in 
the  form  of  its  sparingly  soluble  alkali  salt. 

(2)  Naphi1udene-p-sulphonyl-T^phenylenr> i  c.<  .i/<  //» ah. 

N^aphthalene-fi-aitlphonj/l-p-nitroanilUle,  prepared  in  the  same  manner 
as  its  a-isomeride,  crystallises  from  benzene  in  yellow  neeilles  melting 
at  108—169°. 

0-5706  gave  41-4  c.c.  nitrogen  at  21°  and  761  mm.     N  =  8-28. 
Cj^HjjO^N.^S  requires  N  =  856  per  cent. 

Naphthalene- p-sulphonyl-'^-pltenylenediamine,  obtained  by  reducing 
the  preceding  nitro-compound  in  the  manner  just  indicated,  crystal- 
lises from  ethyl  acetate  or  acetone  in  reddish  needles  melting  at 
231 — 232°.  The  reduction  should  be  carried  out  in  about  1|  hours, 
more  prolonged  heating  leading  to  the  formation  of  tarry  products. 

0-2430  gave  200  c.c.  nitrogen  at  18-5°  and  768  mm.     N  =  9-55. 
Cj^Hj^0.2N2S  requires  N  =  9-39  per  cent. 

The  cyclic  diazoimide  was  obtained  by  diazotising  the  preceding  base 
in  the  usual  way  and  treating  the  filtered  solution  with  sodium  acetate, 
when  the  product  separated  as  a  yellow,  microcrystalline  precipitate 
which,  when  washed  successively  with  water,  alcohol,  and  light  petrol- 
eum and  dried  in  the  desiccator,  decomposed  violently  at  about  130°. 

01 170  gave  142  c.c.  nitrogen  at  185°  and  745  mm.     N  =  13-72. 
0-2137     „     01618  BaSO^.     8=1040. 

Ci^H„02N3S  requires  N  =  1359 ;  8  =  10-35  per  cent. 

The  diazoimide  dissolves  in  concentrated  mineral  acids  to  form  a 
diazonium  salt  which  combines  with  alkaline  ^-naphthol ;  the  azo- 
derivative,  after  "two  crystallisations  from  glacial  acetic  acid,  melted 

at  220°. 

(3)  Benzenesulphonyl-2  : 5-tolylenediazoimide, 

Benzenem!ph(ynyI-6-mtro-o-toIuidine,       N02-C^,H.(CH3)-NH-S02Ph, 
was  first  prepared  by  condensation  in  toluene,  but  the  yield  was  so 
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poor  (2  grams  of  product  from  20  grams  of  the  nitro-base)  that  this 
process  was  abandoned  in  favour  of  the  followiug  method. 

The  calculated  amount  (1  mol.)  of  benzenesulphonic  chloride  was 
added  to  10  grams  of  the  nitro-base  dissolved  in  30  c.c.  of  warm 
pyridine,  and  the  mixture  gently  heated  for  1^  hours,  and  then  cooled 
and  extracted  with  cold  hydrochloric  acid.  The  insoluble  portion  was 
thoroughly  washed  with  water  and  dissolved  in  aqueous  caustic  soda  ; 
the  benzenesulphonyl  compound  was  precipitated  from  the  cooled 
filtered  solution  with  hydrochloric  acid,  the  yield  being  17  grams.  The 
reaction  in  concentrated  pyridine  solution  is  at  first  quite  vigorous  and 
is  accompanied  by  a  considerable  rise  of  temperature  ;  after  two  crj-s- 
tallisations  of  the  pi'oduct  from  dilute  alcohol,  amber-yellow,  prismatic 
crystals  were  obtained  melting  at  157 — 159°. 

0-5088  gave  43-0  c.c,  nitrogen  at  18°  and  770  mm.     N  =  9-89. 
^13^12^4^2^  requires  N  =  9*59  per  cent. 

Benzenesulplionyl-'i  :  5-tolylenediamine,  NH2'CgH3(CH3)'NH'SOoPh, 
obtained  by  reducing  the  preceding  nitro-base  in  the  usual  way,  crys- 
tallised from  hot  water  in  colourless,  hair-like  needles  melting  at  147°- 

0-2347  gave  22-0  c.c.  nitrogen  at  20°  and  769  mm.     N  =  10-85. 
Ci3Hj402NjjS  requires  N=  10-G8  per  cent. 

The  cyclic  diazoimide  was  prepared  by  mixing  the  base  with  cold 
concentrated  hydrochloric  acid,  when  it  yielded  at  first  a  plastic  mass 
which  rapidly  changed  to  the  crystalline  hydrochloride.  Crushed  ice 
was  now  added,  the  mixture  diazotised  with  a  slight  excess  of  aqueous 
sodium  nitrite,  and  the  filtered  solution  treated  with  sodium  acetate, 
when  a  precipitate  was  at  once  produced  consisting  of  small,  light 
yellow  needles  which  decompose  explosively  at  163°. 

0-1412  gave  18-8  c.c.  nitrogen  at  17°  and  760  mm.     N  =  15-22. 
0-2450     „     0-2186  BaSO,t.     S  =  12-27. 

Ci^H^O^NaS  requires  N=  15-38  ;  S  =  11-71. 

The  (izo-pnaj)hthol  derivative,  when  isolated  by  acid  from  its  sodium 
salt,  produced  by  dissolving  tlie  cyclic  diazoimide  in  cold  concentrated 
liydroddoric  acid  and  adding  the  dihited  .solution  to  alkaline /3-naplithol, 
crystalliBes  in  prismatic  crystals  juul  molts  at  184 — 185°. 

(4)  Benzene8ulphonijl-i)-xyl>/hne-2  :  ^-diazoimide, 

'-  N-SO.p'h 


lienztnemlphonyl-^-nitro-^-xylidim,       N02'0(jH2(OH8)2'NIT*S02Ph, 
was   produced    by  condenHJng  10  grams  of  5-nitro-jt)-xylidiuo  (m.  p. 
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142°)  witli  benzenesulphonic  chloride  in  about  50  c.c.  of  pyridine, 
removing  the  solvent  with  hydrochloric  acid,  extracting  the  residue 
with  acjueous  sodium  hydroxide,  and  precipitating  the  filtered  solution 
with  mineral  acid  ;  it  was  crystallised  twice  from  dilute  alcohol,  when 
it  separated  in  yellow,  prismatic  crystals  melting  somewhat  indefinitely 
at  100—163°. 

0-2151  gave  172  c.c.  nitrogen  at  18"'and  700  mm.     N-9-33. 
Ci^Hj^0^N2S  requires  N  =  915  per  cent. 

The  sodium  derivative  of  this  compound  is  sparingly  soluble  in 
aqueouB  sodium  hydroxide,  and  sepamted  in  the  course  of  the  fore- 
going preparation  in  long,  yellow  neetlles,  which  dissolved  again  on 
warming  the  solution. 

Beuzene8ulphon>/ip-xyli/lene-2  : 5'diamine, 

N0./C^H.,(CH3)/NH-S0^Ph, 
was   prepared  by  reducing  the  corresponding  nitro-compound  by  the 
method  already  adopted  for  its  lower  homologues  ;  it  crystallises  frou; 
water  in  straw-coloured  needles  melting  at  144 — 146°. 

0  1724  gave  15  3  c.c.  nitrogen  at  20°  and  767  mm.     N=  10  23. 
Cj^Hj^OjNjS  requires  N—  10'14  per  cent. 

The  diazoimide  was  produced  by  diazotising  the  acjlated  diamine  in 
a  dilute  solution  containing  excess  of  hydrochloric  acid,  filtering  from 
a  very  slight  residue,  adding  aqueous  sodium  acetate  cautiously  until  a 
faint  yellow  precipitate  became  permanent,  filtering  again,  and  finally 
pi'ecipitating  with  excess  of  the  alkali  acetate.  The  bright  yellow 
diazoimide  was  somewhat  viscous  at  first,  but  hardened  on  triturating 
with  cold  water;  it  decomposed  explosively  at  125 — 130°. 

01876  gave  239  c.c.  nitrogen  at  195°  and  771  mm.     N  =  14-83. 
0-2434     „     01980  BaSO^.     S=1M7. 

Ci^Hi^O.NaS  requires  N  =  1463  ;  S  =  1114  per  cent. 

The  azo-fi-nuphthol  derivative,  prepai-ed  by  dissolving  the  diazoimide 
in  concentrated  hydrochloric  acid  and  filtering  into  an  alkaline  solution 
of  y3  naphthol,  separates  in  the  form  of  the  sparingly  soluble  alkali 
salt,  which  is  decomposed  by  glacial  acetic  acid,  yielding  the  free  azo- 
compound,  which  separates  in  pri.-matic  needles,  and  after  two  crystal- 
lisations melted  at  215"^. 
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(5)  Benzenesrdphonyl-\  :  i-naphthylenecUazoimide, 
-N-SO.,Ph 


Tlie  4-iiifcro-a-naplithylamine  required  in  this  preparation  was  pro- 
duced by  the  nitration  of  aceto-a-naphthalide  in  glacial  acetic  acid 
and  the  partial  hydrolysis  of  the  mixed  4-  and  2-nitroaceto-a-naphthal- 
ides  according  to  Lellmann  and  Remy's  directions  (Ber.,  1886,  19, 
797).  The  product  of  the  latter  operation,  which  consists  of  the 
required  base  and  the  unaltered  2-nitroaceto-a-naphthalide,  Avas, 
however,  resolved  into  its  components  simply  by  dissolving  the  mixtiire 
in  just  sufficient  hot  ethyl  acetate  and  cooling  the  solution  rapidly. 
In  these  circumstances,  practically  the  whole  of  the  acetyl  derivative 
crystallises  out,  whereas  the  4-nitro-a-naphthylamine  remains  in  solu- 
tion until  the  greater  portion  of  the  solvent  has  been  distilled  off, 
when  it  separates  from  the  concentrated  solution  as  an  orange,  crj'stal- 
line  precipitate  melting  at  187°.  A  diazotisation  experiment  showed 
that  the  base  was  almost  entirely  free  from  2-nitroaceto-a-naphthalide, 
and  after  one  crystallisation  from  alcohol  it  melted  at  191 — 192° 
(Lellmann  and  Remy  give  191°).  The  2-nitroaceto-a-naphthalide, 
which  separated  from  the  dilute  ethyl  acetate  solution,  was  also 
extremely  pure ;  it  melted  at  199 — 200°  (corr.,  m.  p.  199°)  and  was 
shown  by  successive  treatment  with  nitrous  acid  and  alkaline  ^-naph- 
thol  to  be  practically  free  from  any  4-nitro-a-naphthylamine.  In  our 
hands,  this  mode  of  separation  gave  much  more  satisfactory  results 
than  the  process  of  separation  with  dilute  alcoholic  sulphuric  acid 
employed  by  Lellmann  and  Remy  (loc.  cit.). 

Jienzenesulphonyl  -  4  -  nitro  -  a  -  rutphthylamine,  NO^'CjoH^-NH'SOgPh, 
could  not  be  prepared  by  heating  its  generators  in  toluene,  but  it  was 
found  that  a  fairly  good  yield  was  obtained  by  condensation  in  quinoline 
or  pyridine,  the  more  volatile  medium  being  preferable.  Ten  grams  of 
benzenesulphonic  chloride  (1  mol.)  were  slowly  added  to  a  solution  of 
10  grams  of  4-nitro-a-naphthylamino  in  40  c.c.  of  pyridine;  a  vigorous 
action  ensued  which  was  completed  by  boiling  the  mixture  for  one  and 
a  half  hours.  The  product  was  extracted  successively  with  dilute 
hydrochloric  acid  and  aqueous  sodium  hydroxide  and  the  filtered 
nolution  from  the  latter  extraction  acidified,  when  17  grams  of  the 
benzenesul phony]  derivative  separated ;  it  was  crystallised  twice  from 
water,  when  Hpherular  aggregates  of  bright  yellow,  fern-like  crystals 
were  obtained,  melting  at  158". 

0-2079  gave  15-3  cv.  nitrogon  at  19°  and  762  mm.     N-8-48, 
C„jir,,/)^N,^H  requires  N  =  8-.^).T  |)cr  cent. 
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Benzenesulphonyl  -1:4-  naphtJiylenediamine,  NHg'CjoHj'NH'SO.jPh, 
was  prepared  by  reducing  the  foregoing  nitro-compound,  but  the 
reduction  proceeded  less  smoothly  by  the  iron  and  acetic  acid  method 
than  was  the  case  with  the  corresponding  benzene  derivatives.  In 
many  experiments,  indefinite  tarry  products  were  the  only  result,  but 
ultimately  the  following  mode  of  procedure  led  to  a  more  satisfactory 
conclusion. 

Four  grams  of  the  nitro-comjx)und  were  dissolved  in  about  200  c.c. 
of  hot  alcohol,  8  grams  of  tin  were  introduced,  and  25  c.c.  of  concentrated 
hydrochloric  acid  gradually  added  with  shaking,  the  mixture  being 
boiled  until  test  portions  on  treatment  with  water  no  longer  exhibited 
any  yellow  coloration.  The  liquid  was  then  transferred  to  a  basin,  the 
residual  alcohol  evaporated  off,  and  about  5  c.c.  of  concentrated 
hydrochloric  acid  added.  The  colourless  precipitate  thus  obtained  was 
collected  at  the  pump,  washed  free  from  tin  salts  with  concentrated 
hydrochloric  acid  and  finally  water,  dissolved  in  dilute  aqueous  caustic 
soda  and  the  acylated  base  precipitated  from  the  filtered  solution  with 
dilute  acetic  acid. 

0-2237  gave  18-2  c.c.  nitrogen  at  20°  and  767  mm.     N  =  940. 
CjflHj^OjNoS  requires  N  =  939  per  cent. 

The  base  crystallises  from  benzene  in  clusters  of  colourless  needles 
and  melts  at  18C — 187^ 

The  cyclic  diazoimide  was  prepared  by  suspending  the  diamine  in 
excess  (20  mols.)  of  concentrated  hydrochloric  acid,  adding  crushed  ice, 
and  diazotising  with  a  slight  excess  of  sodium  nitrite.  The  sparingly 
soluble  diazonium  salt  was  collected,  dissolved  in  a  mixture  of  glacial 
acetic  and  concentrated  hydrochloric  acids  and  the  solution  filtered 
into  aqueous  potassium  acetate.  The  yellow  diazoimide,  which 
separated  immediately  as  an  amorphous,  yellow  powder,  was  collected 
and  washed  successively  with  water,  alcohol,  and  light  petroleum. 

01 849  gave  21 -1  c.c.  nitrogen  at  20°  and  769  mm.     N- 1322. 
0-2351     ,.     0-1705  BaSO^.     S  =  9  94. 

CjgHnO.NaS  requires  N  =  1359  ;  S  =  1035  per  cent. 

All  the  diazoimides  hitherto  studied  are  extremely  sensitive  to 
light,  and  the  foregoing  naphthalene  derivative  seems  in  this  respect 
to  be  even  more  i-eadily  affected  than  its  benzenoid  homologues. 

It  dissolves  in  a  mixture  of  glacial  acetic  and  concentrated  hydro- 
chloric acids,  and  the  diluted  solution,  when  added  to  alkaline 
/8-naphthol,  yields  an  azo-derivatire  which  crystallises  from  glacial 
acetic  acid  and  melts  at  261°. 
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ir. — Action  of  Citrous  Acid  on  other  Monoacylated  {Formi/l, 
Acettjl,  Sticcinyl,  and  Benzoyl)  Derivatives  of  T^-Phenylene- 
diamine. 

( 1 )  A  cetyl--p-j}henylenediamine. 

The  acetyl-;)-phenylenediamine  (joaminoacetanilide)  required  in  the 
following  experiments  was  prepared  from  a  specimen  of  ^j-nitro- 
acetanilide  kindly  supplied  by  the  firm  of  Messrs.  Levinstein.  A 
solution  of  this  acylated  diamine  in  dilute  hydrochloric  acid 
(.3 — 5  mols.),  when  diazotised  and  added  to  concentrated  aqueous 
sodium  acetate,  gave  no  precipitate  corresponding  with  the  diazo- 
imides  obtained  from  the  arylsulphonyldiamines,  neither  was  any 
insoluble  product  isolated  by  pouring  the  solution  into  concentrated 
aqueous  potassium  carbonate  (compare  the  benzoyl  derivative,  p.  933). 
The  addition  of  ammonia,  however,  gives  rise  to  a  voluminous  brown 
precipitate  which  has  the  properties  of  a  nitrosoamine, 

C2H30-NH-C,.H,-NH-NO. 
When  collected,  washed,  and  dried  on  porous  tile  it  was  found  to 
dissolve  in  dilute  acid  or  aqueous  caustic  alkali  ;  the  former  solution 
at  once  gave  the  azo-condensation  with  alkaline  /3-naphthol,  the  latter 
only  slowly.  The  compound  could  not  be  obtained  in  a  crystalline 
form  from  the  ordinary  organic  solvents.  An  estimation  of  nitrogen 
in  the  dried  amorphous  preparation  agreed  more  closely  with  the 
percentage  of  a  nitrosoamine  than  with  that  of  a  cyclic  diazoimide  or 
a  diazoamino-compound. 

0-1740  gave  35-2  c.c.  nitrogen  at  17°  and  742  mm.     N  =  22-94. 
CgHgO^Ng  requires  N  =  23-47  per  cent. 

This  substance  decomposed  somewhat  indefinitely  at  about  85°. 

A  specimen  of  acetyl-;>-phenylenediaraino  hydrochloride,  obtained 
by  passing  hydrogen  chloride  into  an  acetone  solution  of  the  diamine, 
was  dissolved  in  ico-rold  water  and  treated  successively  with  exactly 
one  molecular  proportion  of  .sodium  nitrite  and  excess  of  sodium  acetate ; 
a  yellow  precipitate  was  thus  obtained,  which  decomposed  suddenly  at 
195°  and  could  be  crystallised  from  alcohol,  when  it  separated  in  small, 
brownish-yellow  crystals  decomposing  somewhat  indofmitoly  through  a 
range  of  temperature  from  190'  to  200".  The  substance  retains  water 
very  teDaciously,  its  weight  becoming  constant  only  after  prolonged 
heating  in  the  steam  oven. 

0-1214  gave  24*3  c.c.  nitrogen  at  19"  and  751  ram.  N  =  22-74. 
Cj^IIj^OgNg  re<iuiros  N  =  22-50  per  cent. 

This  result  agrees  with  the  formula  for  a  diazoamine, 
C'H.-CO-I^H-CjH^-N/NH-O^H^-NH-CO-CHa, 
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which  apparently  indicates  that  only  half  the  nitrite  was  required  in 
the  foregoing  preparation.  The  compound  was  accordingly  prepared  by 
diazotising  completely  one  molecular  proportion  of  the  hydrot-hloride 
suspecded  in  moderately  foncentrated  hydrochloric  acid,  and  adding  to 
the  filtered  solution  excess  of  sodium  acetate  followed  by  one  molecular 
proportion  of  the  hydrochloride.  The  diazoamine  separated  immedi- 
ately and  this  prepai'ation  decomposed  at  about  190"^  and  resembled 
that  obtained  in  the  foregoing  experiment.  The  substance  is  very 
sensitive  to  light,  darkening  rapidly  on  exjwsure. 

(2)  Formyl-^phenylenediamine  (^Aminq/ontianilide). 

This  base  was  obtained  by  reducing  with  iron  and  dilute  acetic 
acid  formyl-^-nitroaniline,  a  substance  formerly  pre|)ared  by  Osborn 
and  Mixter  {Amer.  Chein.  J.,  188G,  8,  346)  by  uiti-ating  formanilide  aud 
described  as  melting  at  187 — 194^^ ;  our  specimen  melted  at  194 — 195° 
and  gave  the  following  numbers  on  analysis : 

0  2448  gave  0-4514  COj  and  00881  H/X     C  =  50  29  ;  H  =  3-99. 
0-2822     „     41-8  c.c.  nitrogen  at  19''  and  756  mm.     N=  16-94. 
O.HflOjNa  requires  C  =  5060  ;  H  =  3  61 ;  N  =  16-86  per  cent. 

The  acylated  diamine  crystallises  from  hot  water  in  pale  brown 
needles  and  melts  at  125 — 127°.  The  crystallisation  must  \)e  carried 
out  rapidly,  as  the  base  quickly  darkens  if  left  in  contact  with  the 
solvent.  The  hydrochloride,  which  is  i-eadily  soluble  in  water,  was 
prepareil  by  saturating  an  acetone  solution  of  the  base  with  hydrogen 
chloride. 

0-2074  gave  37-5  c.c.  nitrogen  at  20°  and  748  mm.     N  =  20-36. 
C-HgONj  requires  N  =  2058 per  cent. 

When  diazotised,  it  yields  a  solution  from  which  neither  sodium 
acetate  nor  alkali  carbonates  precipitate  any  insoluble  diazo-derivative; 
ammonia,  however,  gives  rise  to  a  dark  brown  compound  resembling 
the  nitrosoamiue  obtained  from  the  acetyl  derivative  (see  p.  930). 
An  ill-defined  diazoamine,  COH-NH-CeH^-N./NH-C^H^-NH-COH,  w.as 
obtained  in  the  manner  indicated  for  the  acetyl  diamine  on  p.  930 ; 
it  was  not,  however,  obtained  crystalline,  but  when  analysed  in  the 
crude  state  gave  numbers  approximating  to  the  foregoing  formula 
(N  =  23-3,  the  calculated  amount  being  24-73  per  cent.).  The 
compound,  when  heated  with  cold  mineral  acid,  undergoes  the  ordinary 
diazoamino-fission  into  its  generators, 
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(3)  ■p-Aminosuccinanilic  Acid  {Succinyl-'g-phenylenediamine). 

Succinanil  (Menschutkin,  Annalen,  1872,  162,  182)  was  nitrated 
and  the  j!9-nitro-derivative  (m.  p.  205 — 208°)  then  separated  from 
the  ortho-isomeride,  simultaneously  produced  by  extracting  out  the 
latter  with  alcohol. 

jo-Aminosuccinanilic  acid  is  conveniently  obtained  by  suspending 
4-4  grams  of  jo-nitrosuccinanil  in  100  c.c.  of  water  and  adding  1 
gram  of  glacial  acetic  acid  and  4  grams  of  iron  filings,  the  metal  being 
introduced  gradually  and  the  solution  then  boiled  for  15  minutes. 
The  mixture  was  rendered  alkaline  with  2  grams  of  anhydrous  sodium 
carbonate,  boiled  for  8  minutes,  and  thea  filtered  at  the  pump.  The 
filtrate,  when  rendered  neutral  by  the  successive  addition  of  acetic  acid 
and  powdered  calcite,  yielded  thep-amino-acid,  which  was  thus  obtained 
in  colourless  needles  melting  at  183°,  this  melting  point  being  identical 
with  the  temperature  recorded  by  R.  Meyer  (Annalen,  1903,  327,  39), 
who  prepared  the  compound  from  jo-phenylenediamine  and  succinic 
anhydride.  ^>Aminosuccinanil  (m.  p.  236°)  is  obtained  by  reducing 
the  nitro-compound  in  the  foregoing  manner,  excepting  that  the  mix- 
ture is  filtered  immediately  after  the  addition  of  the  sodium  carbonate, 
which  in  this  case  is  added  only  in  sufilcient  quantity  to  neutralise 
the  acetic  acid. 

Succinyl-'p-aminobenzenediazonium  chloride, 

CO^H-CoH.-CO-NH-C.lI^-Ng-Cl.HoO, 
was  obtained  on  diazotising  the  amino-acid  in  a  cold  fairly  concentrated 
solution  in  dilute  hydrochloric  acid ;  it  is  a  perfectly  stable  compound, 
which  burns  quietly  and  does  not  explode  on  percussion. 

01 010  gave  21-0  c.c.  nitrogen  at  15°  and  759  mm.     N  =  1527. 
0-3120     „     0-1529  AgCl.     01  =  12-12. 

CioTIioOgN^CljHgO  requires  N  =  15-32  ;  CI  =  12-98  per  cent. 

The  diazonium  salt  is  readily  soluble  in  water  and  its  solution  does 
not  yield  insolnblo  products  with  sodium  aootato,  alkali  carbonates, 
and  ammonia ;  when  poured  into  moderately  concentrated  alkaline 
P  naphthol,  the  alkali  salt  of  the  azo-/3-naphthol  is  precipitated.  This 
product,  wliifh  readily  dissolves  in  water,  is  decomposed  by  glacial 
acetic  acid,  yielding  the  free  azo-^-naphthol  derivative, 
COjII-C^H^-CO-NH-CeH^-Nj-CioHfl-OH, 
a  Riibfltanco  wliich  separates  from  glacial  acetic  acid  as  a  crystalline 
powder  and  melts  at  230— 23^. 

0-2300  gave  22-8  c.c.  nitrogen  at  1 8^  and  768  mm.     N  -  1 1  58. 
CjftHjgO^Na  requires  N«i  11-54  per  cent. 
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(4)  Benzoi/l-p-2:>hent/le>iediamine  (p-Aminobenzaniluie). 

This  compound,  formerly  obtained  by  Hiibner  {Anmden,  1881,  208, 
295)  Vjy  reducing  ^j-nitrobenzanilide  with  tin  and  hydrochloiic  acid,  ih 
readily  prepared  in  quantitative  yield  from  the  nitrocompound  by  the 
iron  and  dilute  acetic  acid  method  of  reduction.  When  the  sparingly 
Boluble  hydrochloride  is  diazotisod  with  sodium  nitrite  and  hydro- 
chloric acid,  a  soluble  diazonium  chloride  is  formed,  the  solution  of 
which  does  not  yield  a  precipitate  with  saturated  aqueous  sodium 
acetate.  When,  however,  the  solution  is  iK)ured  into  cold  aqueous 
sodium  or  potassium  carbonate,  a  pale  yellow,  micro-crystalline  pre- 
cipitate is  produced,  which  is  only  very  sparingly  soluble  in  cold 
water. 

Btnzoyl-\>-aminoheHzemdiazoniuin  carbotuite, 

C^H^-CO-NH-C^H^-K.-HCO,, 
is  a  remarkably  stable  example  of  a  diazo -carbonate,  and  may  be  dried 
in  the  water-oven  without  undergoing  any  appreciable  change  beyond 
a  slight  darkening  in  colour.  The  substance,  although  so  stable  in  the 
dry  state,  could  not  be  recrystallised,  as  it  is  decomposed  on  boiling 
with  alcohol  or  water  ;  in  the  former  case,  the  replacement  of  the 
didzonium  complex  by  hydrogen  appears  to  take  place,  for  the  odour  of 
acetaldehyde  is  very  marked  ;  with  the  latter  solvent,  the  diazo-group 
is  replaced  by  hydroxyl,  and  this  change  also  occurs  when  the  salt  is 
boiled  with  aciueous  mineral  acid  ;  the  caibou  dioxide  evolved  was  in 
several  instances  absorbed  in  weighed  soda-lime  tubes,  the  percentage 
amount  varying  from  12 '8  to  13'1  per  cent.,  this  being  about  84  jjer 
cent,  of  the  quantity  calculated  for  the  pure  carbonate. 

The  j»-hydroxybenzanilide  (A^-benzoyl-^aminophenol),  produced  by 
the  decomposition  of  the  diazo-compound  by  water,  crystallifecs  from 
water  in  colourless  needles  melting  at  205 — 207**.  This  melting  point, 
although  differing  considerably  from  the  number  (227*5^)  given  by 
lllibuer  {Annalen,  1S81,  210,  378),  is  identical  with  the  constant 
recorded  for  the  substance  by  Hantzsch  {Ber.,  1891,  24,  4042). 

The  diazonium  carbonate  dissolves  with  effervescence  in  cold  concen- 
trated hydrochloric  acid,  and  the  diluted  solution,  when  introduced  into 
alkaline  /S-naphthol  solution,  gave  a  practically  quantitative  yield  of 
the  azo-compound,  the  amount  in  two  experiments  being  124  and  128 
per  cent.,  whilst  the  calculated  value  is  128'8.  A  specimen  of  the 
carbonate  prepared  from  carefully  purified  benzoyl-^phenylenediamine 
furnished  the  following  data  on  analysis  : 

0-1952  gave  25-5  c.c.  nitrogen  at  10'5°  and  757  mm.     N  =  14-95. 
Cj^HjjO^Ng  requires  N  =  14-73  per  cent. 

The  diazonium  carbonate  is  sensitive  to  light,  but  if  kept  in  the 
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dark  may  be  preserved  unchanged  for  an  indefioite  time.  When 
shaken  up  with  cold  water,  the  carbonate  yields  a  solution  having  a 
very  faint  alkaline  reaction  to  red  litmus.  It  readily  condenses  with 
amines  and  phenols,  the  addition  of  alkali  accelerating  the  change  in 
the  case  of  the  latter  compounds.  The  hydrochloride  of  its  azo-deriv- 
ative  with  a-naphtliylamine  dissolves  in  alcohol  to  an  intense  bluish- 
purple  solution. 

It  was  hoped  that  this  product  might,  on  account  of  its  great 
stability,  be  employed  in  the  application  of  azo-compounds  to  the 
printing  of  textile  fabrics,  but  comparative  dye  tests  showed  that  the 
colours  of  its  azo-derivatives  could  not  compare  in  brilliancy  with 
those  obtained  from  diazotised  jo-uitroaniline.  In  this  connexion,  the 
compounds  with  "  R  salt  "  and  *'  chromotrope  acid  "  were  examined, 
and  the  insoluble  azo-compound  with  /8-naphtliol  was  recrystallised 
and  analysed. 

Benzoyl-i^aminohenzeneazo-P-naiJhthol, 

C,H,.CO-NH-C,H,-N,.CjoH,-OH, 
when   crystallised  successively  from  glacial  acetic  acid  and  alcohol, 
separates  as  a  micro-crystalline  powder  and  melts  at  211°.     With  con- 
centrated sulphuric  acid,  it  develops  a  crimson  coloration. 

0*2808  gave  279  c.c.  nitrogen  at  20°  and  767  mm.     N  =  11-47. 
CggH^yOgNg  requires  N  =  11  44  per  cent. 

Benzoi/l-Tp-aminobenzenediazo7iium  Nitrite, 

CJI^'CO-NH-CoH^-N./NOa. 
— The  solution  obtained  by  adding  excess  of  sodium  acetate  to  the 
liydrochloric  acid  solution  of  benzoyl-^j-aminobenzenediazonium  chloride, 
when  treated  with  excess  of  sodium  nitrite,  yields  a  crystalline, 
yellow  precipitate,  which  dissolves  in  water  to  an  almost  colourless 
solution. 

0-2162  gave  39-0  c.c.  nitrogen  at  19°  and  763  mm.     N  =  2083. 
CigHj^OgN^  requires  N  =  20*74  per  cent. 

The  aqueous  solution  of  tlie  diazonium  nitri(o,  when  treated  with 
potassium  iodide,  does  not  liberate  iodine  until  dilute  acetic  acid  is 
introduced,  when  the  liberation  of  the  halogen  occurs  immediately. 
The  diazonium  salt  coiidonsos  readily  with  phenols  and  aromatic 
amincH,  yielding  azo-derivatives. 

A  Holution  of  the  diazonium  nitrite  or  acetate,  when  poured  into  a 
wituratetl  Molution  of  Kodium  hydrogen  sulphite,  yields  at  first  an 
orange  coloured  prc(!ipitato,  which  rapidly  changes  to  a  pale  yellow 
Kiil»<-tiiiuH5  which  is  also  Hparingly  solublo  in  cold  wat(!r.  'i'lio  orange 
<;oiii|Miiiiid    iiitcraclH   at  oiicu    with    alkaline   /:^  naplithol,  whereas  the 
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yellow  product  does  not  at  first  yield  any  azo  derivative  ;  when,  how- 
ever, the  mixture  is  kept  for  some  time,  a  coloration  is  slowly  de- 
veloped. 

KoYAL  College  of  Science,  London, 
South  Kensikoton,  S.W. 


XCVII. — Influence  of  Substitution  on  the  Fortnation  of 
Diazoamines  and  Aminoazo-compounds.  Part  HI, 
Azo-derivatives  of  Symntetricalty  Disuhstituted 
Primary  Meta-diamines. 

By  Gilbert  Thomas  Mokgan  and  William  Obd  Wootton. 

Until  quite  recently,  considerable  doubt  has  existed  as  to  the  precise 
action  of  a  diazouium  salt  on  a  disuhstituted  meta-diamine  of  the 
general  type 

Y 

but  in  1002  one  of  the  authors  showed  that  when  the  substituents 
(XY)  were  either  2Me,  CI  Me,  or  2C1  an  ortho-azo-compound  was 
formed,  although  in  smaller  yield  and  less  readily  than  when  the  con- 
densation was  effected  with  an  isomeric  base  containing  a  free  para- 
position  with  respect  to  one  of  the  amino-groups.  Moreover,  the  pro- 
duction of  yellowish-brown  azo-dyes  on  cotton  fibres  impregnated 
with  diazotised  primulin  and  treated  with  aqueous  solutions  of  these 
symmetrically  di-substituted  bases  showed  that  the  diamines  yielded 
azo-derivatives  differing  greatly  in  colour  from  the  dyes  obtained 
from  their  isomerides  having  a  fi-ee  para-position,  the  colour  of  the 
latter  dyes  having  a  reddish-brown  shade  similar  in  appeai-ance  to  the 
colours  obtained  with  the  ordinai-y  developers,  m-phenylene diamine  and 
2  :  4-tolylenediamine  (Trans.,  1902,  81,  86). 

This  investigation  has  now  been  extended  to  the  case  of  the  meta- 
diamines  containing  nitro-groups  and  the  heavier  halogen  atoms 
(bromine  and  iodide),  in  order  to  ascertain  the  influence  of  these  sub- 
stituents on  the  course  of  the  condensations  and  the  character  of  the 
products. 

In  the  earlier  experiments  {loc.  cit.,  pp.  89  and  1384),  it  was  shown 
that  -1  :  6-dicliloro-7/t-phenyleuediamine  showed  less  tendency  to  form 
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azo-derivatives  than  the  similarly  substituted  bases,  in  which  the  two 
chlorine  atoms  are  replaced  by  ClMe  or2Me,  and  on  repeating  the  con- 
densation with  4  :  6-dibromo-?«-phenylenediamine  this  base  was  found 
to  behave  similarly,  only  indefinite  non-crystallisable  products  being 
obtained  with  toluene-j9-diazonium  chloride,  whilst  the  more  stable 
^>nitrobenzenediazonium  salt  yielded  a  crystallisable  azo-derivative. 

With  the  object  of  completing  this  comparative  study  of  the 
dihalogenated  «t-phenylenediamines,  an  attempt  was  made  to  prepare 
the  di-iodo-compound. 

Di-iodo-m-plienylenediamine,  obtained  in  the  manner  indicated  in  the 
sequel,  is  a  somewhat  unstable  substance  darkening  on  exposure  and 
decomposing  at  83°.  The  orientation  of  the  iodine  atoms  has  not  been 
determined,  but  by  analogy  with  the  dichloro-  and  dibromo-bases  they 
should  occupy  the  para-positions  with  respect  to  the  amino-groups. 

In  its  behaviour  towards  diazonium  salts,  the  di-iodo-base  resembles 
its  chlorine  and  bromine  analogues  ;  with  toluene-jy-diazonium  chloride, 
only  indefinite  products  were  obtained,  whilst  with  the  more  stable  diazo- 
compounds  of  the  nitroanilines  it  gives  rise  to  azo-derivatives  giving 
numbers  approximating  to  the  foi'mula  N02*CgH^*N2*CgH3lo(NH2)2- 

The  three  dihalogenated  diamines  yield  azo-colours  on  fibres  impreg- 
nated with  diazotised  primulin,  and  the  shade  produced  deepens  con- 
siderably as  the  atomic  weight  of  the  halogen  increases. 

These  results  indicate  that  the  readiness  with  which  these  ortho-azo- 
compounds  are  formed  is  greatly  influenced  by  the  presence  of  nitro- 
groups  in  the  molecule  of  the  diazonium  salt,  and  accordingly  the 
diamines  containing  nitro-substituents  were  next  examined  with  the 
object  of  ascertaining  whether  this  group  would  exert  a  similar  influ- 
ence when  present  in  the  diamine  nucleus. 

5-Nitro-2 : 4-tolylenediamine  (Tiemann,  Ber.,  1870,  3,  9),  when 
coupled  either  with  ^>»-broniobonzonediazonium  chloride  or  the  diazo- 
coiupouud  from  /^nitroaniline,  gave  good  yields  of  azo-derivatives,  and 
tliis  influence  of  the  nitro-group  in  the  substituted  diamines  was 
further  exemplified  by  a  study  of  Q-Muro-i-nUro-m.-]>heiti/leuediainiue 
and  the  corresponding  bromo-base. 

The  former  of  these  bases  was  prepared  either  by  chlorinating 
diacetyl-4-nitro-7/4-phonylonodiamine  or  by  nitrating  diacotyl-4-chloro- 
7H-phcnylunodiamine  and  then  hydrolysing  the  products,  these  two 
alternative  processes  determining  tlio  orientation  of  the  two 
substituents : 


CI, 


NH.,  NHj 


Cl/\  HNOa       c/N 
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The  coustilution  of  the  chloro-base  has  already  been  determined  by 
converting  it  into  1:2:  4-trichlorobenzene,  whereas  that  of  the  nitro- 
base  depends  on  its  conversion  into  the  following  compounds  :  3-amino- 
/>nitrophenol  and  3  :  6-diaminophenol,  the  latter  being  proved  to  be  an 
ortho-diamine  by  condensation  with  benzil  (Barbaglia,  Ber.,  1874,  7, 
1257  ;  Bertels,  Ber.,  1904,  37,  2279). 

In  a  similar  manner,  the  orientation  of  the  substituents  in  6-bromo- 
4-nitro-7«-phenylenediamine  was  determined  by  preparing  the  base 
either  by  brominating  diacetyl-4-nitro-7«-phenylenediamine  or  by 
nitrating  diacetyl-4-bromo-//t-phenylenediamine  and  hydrolysing 
the  product  in  the  ordinary  way.  The  constitution  of  4-bromo- 
»t-phenylenediamine  has  already  been  determined  by  converting  it 
into  1:2:  4-tribromobenzene  (Morgan,  Trans.,  1900,  77,  1205). 

Before  the  alternative  methods  of  preparing  these  bases  had  been 
worked  out,  an  attempt  to  ascertain  the  configuration  of  the  chloro- 
nitro-base  by  the  Sandmeyer  reaction  led  to  the  production  of  s-tetra- 
chlorobenzene  accompanied  by  a  smaller  amount  of  chloranil. 

The  former  of  these  substances  results  from  the  now  well-known 
transference,  which  occurs  so  frequently  in  the  case  of  diazonium 
salts  containing  nitro-groups  :  NOj'C^HjC^NjCl)^  — >- 

Ci-O^H^Cl(NoCl)(N./NO,,)  — >  CjH^Cl^   +   Nj   +   NO^. 

The  nitrogen  pei"oxide  is  not  evolved  as  such,  but  is  used  up  in 
oxidising  some  of  the  «-tetrachlorobeuzene  to  chloranil. 

Both  these  disubstituted  diamines  condense  with  diazonium  salts  to 
form  azo  derivatives,  and  they  yield  ingrain  colours  with  diazotised 
pi-imulin. 

EXPEBIMENTAL. 

Action  of  Diazonium  Salts  on  \\^-Dibroino-Tai-phenyUnediamine. 

The  4  : 6-dibromo-»i-phenylenediamine  requireil  in  these  experiments 
was  obtained  by  bi-ominating  diacetyl-m-phenylenediamine  in  warm 
glacial  acetic  acid  solution.  An  intermediate  additive  compound  first 
appeared,  which  passed  into  diacetyl-4  :  6-dibromo-m-phenylenediamine 
on  treatment  with  water  or  dilute  aqueous  alkali,  the  latter  medium 
giving  the  cleaner  product.  The  diacetyl  derivative  was  hydrolysed 
with  alcoholic  jx)tash  or  hydrochloric  acid ;  in  the  acid  hydrolysis,  the 
excess  of  alcohol  was  evaporated  off,  the  base  precipitated  with  am- 
monia and  recrystallised  from  hot  alcohol,  when  it  separates  in  glisten- 
ing, brown  needles  melting  at  135^. 

•}^Nitrohenzene-2-azo-^^ :  Q-dibromo-m.-pIienylenediaminey 
Br    NH, 

\ /  ^'  \ /  ^    -• 

Br    NH, 
VOL.    LXXXVII.  3   R 
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is  precipitated  on  adding  a  hydrochloric  acid  solution  of  ^-nitrobenzene- 
diazonium  chloride  to  a  cooled  alcoholic  solution  of  the  dibromo-base. 
The  product  crystallises  from  ethyl  acetate  in  small,  deep  red  crystals 
with  a  green,  metallic  reflex;  it  melts  at  213°  and  develops  a  crimson 
coloration  with  concentrated  sulphuric  acid. 

0-2794  gave  41-22  c.c.  moist  nitrogen  at  17°  and  754  mm.    N  =  16-96. 
CjjHgOjNjBrg  requires  N  =  16-83  per  cent. 

m-N^itrobenzene-2-azo-4: :  6-dibromo-m-pheni/lenediamine,  obtained  as  a 
brick-red  powder,  resembles  the  preceding  compound,  but  is  less 
soluble  in  water,  alcohol,  and  ethyl  acetate ;  it  gives  a  bluish-scarlet 
coloration  with  concentrated  sulphuric  acid. 

o-Aitrohenzene-2-azo-i ;  ^-dih'omo-mplienylenediamine  was  not  ob- 
tained crystalline;  it  is  readily  soluble  in  benzene  and  separates  in  the 
form  of  a  red  powder  melting  with  decomposition  at  1 52°. 

0-1536  gave  0-1407  AgBr.     Br  =  38-96. 

CjgHgO^NgBrg  requires  Br  =  38-55  per  cent. 

With  cold  concentrated  sulphuric  acid,  this  azo-compound  develops  a 
purple  coloration.  Portions  of  the  solutions  of  the  three  preceding 
azo-compounds  in  cold  concenti-ated  sulphuric  acid,  when  poured  on  to 
ice  and  filtered  into  an  alkaline  solution  of  "  R-salt,"  gave  no  colora- 
tions, thus  indicating  the  absence  of  fission  products  derivable  from  a 
diazoamine.  On  treating  an  alcoholic  solution  of  the  dibromo-base 
with  toluene-^>diazonium  chloride,  the  liquid  became  intensely  I'ed,  but 
no  precipitate  was  formed.  The  product,  when  precipitated  by  brine 
solution,  seemed  to  consist  of  unchanged  base  mixed  with  tarry  pro- 
ducts from  which  a  definite  azo-derivative  could  not  be  extracted. 


Di-iodo-m-2)henijlenediamine  [2NHo  =  1  :  3,  21  =  4  : 6  ?]. 

A  fairly  pure  specimen  of  m-phenylenediumine  hydrochloride  (18 
grams)  was  dissolved  in  40  c.c.  of  warm  water  together  with  50  grams 
of  crystallised  sodium  acetate,  and  to  the  .solution  were  slowly  added 
51  grams  of  comniercial  iodine  dissolved  in  210  c.c.  of  liot  alcohol. 
The  mixture  assumed  a  deep  dull  green  colour  and  an  extremely 
pungent  odour  was  noticed.  After  10  minutes,  the  supernatant  liquid 
was  decanted  from  the  dark  sediment  into  a  large  excess  of  water,  in 
which  at  first  appeared  an  oily,  ochroous  proci[)itato  changing  after  a 
few  minutes  into  a  grconiwh-brown  mass  of  felted,  microncopic  noodles. 
The  crystalline  product,  whoji  recrystallised  from  benzene,  stiparatos  in 
lustrous,  yellow  noodles  which,  on  exposure,  rapidly  become  roddisii- 
brown  and  finally  black.     I'rolon^'od  boiling  ^vith  benzene  caused  the 
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decomposition  of  the  substance ;  the  recrystallised  specimen  darkened 
at  79°,  melted  at  81°,  and  decomposed  at  83°,  evolving  iodine. 

0U44  gave  101  c.c.  nitrogen  at  19°  and  746  mm.     N  =  789. 
00912     „     0-1196  Agl.     1  =  70-88. 

CgH^N  J2  requires  N  =  777  ;  I  -  70-53  per  cent. 

The  base  is  soluble  in  alcohol  or  ether  to  a  brownish- green  solution  ; 
its  hydrochloride,  produced  by  passing  hydrogen  chloride  into  the 
benzene  solution,  is  decomposed  by  boiling  water.  The  ordinary  pro- 
cesses of  acetylation  and  benzoylation  did  not  lead  to  the  production 
of  characteristic  derivatives. 

H-Dip/ieni/ldicarbamidoili-mlo-mp/ieni/leiudiatnin^, 
G^H,I,(NH-CO-NH  Ph),, 
prepared   by  adding  excess  of  phenylcarbimide  to  a  warm  saturated 
benzene  solution  of  the  base,  decomposes  at  200 — 203°.     As  it  is  only 
very  slightly  soluble  in  the  ordinary  solvents,  it  was  analysed  in  the 
amorphous  condition. 

0-2050  gave  17-2  c.c.  nitrogen  at  18°  and  750  mm.     N  =  9-56. 
CoqHjjjOoN^Io  requires  N  =  9-36  per  cent. 

The  picrate  of  the  di-iodo-base  crystallises  from  alcohol  in  minute 
needles. 

Azo-deinvatives  of  Di-ioilo-m-pheni/lenediamine. 

1^-Nitrohenzeneazodi-iodo-m-phenylenediaminey 
NOrC,H,-N,-C,HI,(NH,),. 
— This  azo'compound  was  prepared  in  the  usual  way  by  coupling  the 
di-iodo-base  with  diazotised  /)-nitroaniline  in  alcoholic  solution,  this 
mixture  being  subsequently  diluted  with  water,  when  the  product 
separated  as  a  deep  reddish-brown  precipitate  which,  when  dry,  had  a 
dark  green  reflex  and  melted  at  209-".  As  solvents  appeareil  to  decom- 
pose this  azo  derivative,  it  was  analysed  without  further  purification. 

0-1908  gave  0-1801  Agl.     I  =  5097. 

CjoHgOoNjIj  requires  1  =  49-87  per  cent. 

This  azo-compound  develops  a  crimson  coloration  with  concentrated 
sulphuric  acid. 

o-Nit)'obenzeneazodi-iodo-m.-phenylenediamine  resembles  its  isomeride 
and  was  similarly  prepared  ;  it  gave  on  analysis  I  =  50-86  per  cent. 
This  compound  begins  to  decompose  at  215°  and  develops  a  crimson 
coloration  with  concentrated  sulphuric  acid. 

As  in  the  case  of  its  dichloro-  and  dibromo-analogues,  the  di-iodo-7/t- 
phenylenediamine  did  not  give  a  definite  azo-derivative  with  toluene-j> 
diazonium  chloride,  only  tarry  products  being  obtainetl. 

3  K  2 
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Azo-derivatives  oj  5-Nitro-2  :  i-toli/lenediamine. — The  5-nitro-2  :  4- 
tolylenediamine  (m.  p.  154°)  was  obtained  by  nitrating  diacetyl-2  : 4- 
tolylenediamine  in  cold  concentrated  sulphuric  acid  and  then  hydro- 
lysing  the  product  with  boiling  10  percent,  caustic  soda,  this  hydrolytic 
agent  giving  a  cleaner  prepai'ation  than  alcoholic  hydrochloric  acid. 

^-^^itrobenzene-S-azo-5-nitro-2  :  i-tolylenediamine, 
NO2  NH2 


_/       \ / 

CH3  NH^ 

— An  alcoholic  solution  of  the  nitro-base  when  treated  with  jo-nilro- 
benzenediazonium  chloride  and  subsequently  diluted  with  water 
yielded  a  light  vermilion  powder  sparingly  soluble  in  the  ordinary 
organic  media  and  insoluble  in  water.  The  product  dissolves  in  hot 
quinoline  or  pyridine,  but  separates  out  in  an  amorphous  state  on  cool- 
ing; it  decomposes  at  283°  and  develops  a  brown  coloration  with 
cold  concentrated  sulphuric  acid.  The  yield  of  this  substance  is  almost 
theoretical. 

0-1643  gave  35-2  c.c.  nitrogen  at  16°  and  768  mm.  N  =  26-0. 
C^gHj^jO^Ng  requires  N  =  26'5  per  cent. 
— The  solution  in  cold  concentrated  sulphuric  acid  when  poured  on  to 
ice  gave  no  indications  of  the  fission  products  of  a  diazoamine. 

T^-Bromohenzene-^-azo-b-nitro-1  :  i-tolt/lenediamine, 
NO.,  NH, 


<__>-^<Z>^'' 


CHsNH^ 

—This  azo-derivative,  produced  by  coupling  the  diamine  with  ;5-bromo- 
benzenediazonium  chloride  in  glacial  acetic  acid  solution,  rapidly 
sepai'ated  in  light  rod  flakes  which,  when  crystallised  from  hot  glacial 
acetic  acid,  separated  in  circular  discs  showing  a  spherulitic  structure 
(m.  p.  207—208'') ;  the  yield  is  about  89  per  cent,  of  the  theoretical. 
The  compound  dissolved  in  concentrated  sulphuric  acid  to  an  orange- 
brown  solution  which,  on  dilution,  was  shown  to  be  free  from  the  fission 
products  of  a  diazoamine. 

0-1422  gave  25-0  c.c.  nitrogen  at  20°  and  765  mm.  N  =  20-25. 

0  0976     „    0-0516  AgBr.     Br- 22-46. 

C,gH,20._jN5Br  requires  N-2000  ;  Br  =  22-86  per  cent. 

^■Iiromobenxene-2-azo-i-nitro-m-pheni/lenediamine, 

NH, 


<Z>-^'<  .>' 


NO* 
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— ^This  para-azo-derivative  was  prepared  in  the  manner  indicated  in  the 
preceding  experiment,  excepting  that  the  product  was  precipitated  by 
aqueous  sodium  acetate  ;  the  yield  was  about  the  same  as  that  of  the 
foregoing  compound.  The  substance  is  soluble  in  alcohol,  ethyl  acetate, 
and  benzene,  but  crystallises  best  from  glacial  acetic  acid,  being  thus 
obtained  in  short,  yellow  prisms  (m.  p.  220 — 224°)  with  a  blue  reflex. 
It  develops  an  intense  red  coloration  with  cold  concentrated  sulphuric 
acid,  and  the  solution,  when  successively  poured  on  to  ice,  filtered,  and 
added  to  an  alkaline  solution  of  "  R-salt,"  gave  no  azo-colour,  thus 
indicating  the  absence  of  fission  products  of  a  di&zoamine. 

01555  gave  28-3  c.c.  nitrogen  at  18'and  764  mm.  N  =  2113. 
C'ljHioOjNjBr  re<iuires  X  =  20-83  per  cent. 


The  Halogen  Derivatives  of  i-Nitra-m-phenylenediamine. 

The  brominated  diamine  and  the  corresponding  chloro-compound  were 
produced  by  lialogenating  diacetyl-4-nitro-)n-phenylenediamine.  This 
nitro-derivative  was  prepared  by  dissolving  10  grams  of  diacetyl-w- 
phenylenediamine  in  100  c.c.  of  concentrated  sulphuric  acid  and  slowly 
adding  to  the  solution  at  —  8°  5  c.c.  of  concentrated  nitric  acid  (sp.  gr. 
r51)  mixed  with  15  c.c.  of  concentrated  sulphuric  acid  cooled  to  the 
same  temperature ;  the  mixture  was  stirred  continuously,  the  operation 
lasting  about  10  minutes.  The  product  was  poured  on  to  ice,  the  pre- 
cipitated nitro-conipound  collected  at  once  and  washed  with  cold  water. 
If  the  product  is  left  in  contact  with  the  diluted  acids,  much  frothing 
occurs  and  the  yield  is  greatly  diminished. 

4-Nitro  m-phenylenediamine,  obtained  by  boiling  the  diacetyl  deriv- 
ative with  4  parts  of  10  per  cent,  aqueous  caustic  soda  for  15  minutes 
and  crystallising  the  product  from  water,  separated  from  this  solvent 
in  yellow  needles  which  have  a  blue  reflex  and  melt  at  159°. 

Diaceti/l-G-bromo-A-nitro-m-pheiiylenediamine, 

NO,-C^HjBr(NH-CO-CH3)o. 
— The  diacetyl-4-nitro-m-phenylenediamine,  dissolved  in  the  minimum 
amount  of  warm  glacial  acetic  acid,  was  treated  with  bi-omine  (1  mol.) 
dissolved  in  4  parts  of  the  same  solvent ;  after  a  few  minutes,  the 
solution  was  diluted  with  water,  when  the  bromo-derivative  separated 
and  was  crystallised  from  glacial  acetic  acid ;  it  separates  in  colourless, 
nodular  aggregates  melting  at  about  212°,  and  is  sparingly  soluble  in 
the  usual  organic  solvents,  crystallising  from  hot  water  in  minute 
prisms. 

01501  gave  160  c.c.  nitrogen  at  18°  and  762  mm.     N  =  1234. 
Cjo^yO^NgBr  requires  N  =  13-28  per  cent. 
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This  substance  was  prepared  in  quantities  not  exceeding  1  gram, 
inasmuch  as  the  employment  of  larger  amounts  of  material  led  to  the 
formation  of  non-homogeneous  products. 

&-Bromo-i-nitro-m.-phenylenediamine, 

NH^ 

Br 
is  preferably  produced  from  its  diacetyl  derivative  by  hydrolysis  with 
alcoholic  hydrochloric  acid,  since  the  action  of  caustic  alkali,  unless 
carefully  regulated,  gives  rise  to  tarry  products.  The  base,  when  set 
free  with  ammonia  and  recrystallised  from  alcohol,  is  obtained  in  long, 
golden-yellow  needles  melting  at  189 — 191°;  it  is  sparingly  soluble  in 
cold  water  and  readily  dissolves  in  alcohol. 

0-1498  gave  22-5  c.c.  nitrogen  at  17°  and  762  mm.     N  =  17-51. 
0-U54     „     01185  AgBr.     Br  =  34-68. 

CoHgO^NgBr  requires  N=  18-10;  Br  =  34-43  per  cent. 

A  satisfactory  yield  of  this  base  was  also  obtained  by  nitrating 
diacetyl-4-bromo-wi-phenylenediamine  in  concentrated  sulphuric  acid 
at  -  5°  and  subjecting  the  product  to  alkaline  hydrolysis.  After  re- 
crystallisation,  the  substance  melted  at  190 — 191°  and  was  found  not 
to  depress  the  melting  point  of  specimens  prepared  according  to  the 
first  method. 

2  :  (j-Dihromo-i-nitro-ra-pJienylenediamiTie. 

Owing  to  the  difficulty  experienced  in  freeing  the  6-bromo-4-nitro- 
7?i-phenylenediamine  from  unaltered  nitro-base  in  the  preceding  brom- 
ination,  an  attempt  was  made  to  render  tho  change  complete  by 
operating  on  tho  free  base,  3 — 5  grams  of  Avliich  were  dissolved  in 
glacial  acetic  acid  and  treated  with  1-1  c.c.  of  bromine  also  dissolved 
in  the  same  medium.  Heat  was  generated  and  an  oi-ange-coloured 
precipitate  was  fornjed  immediately,  hydrogen  bromide  being  evolved. 
Tho  mixture  was  added  to  water,  treated  with  ammonia,  and  the  pro- 
duct recrystallised  from  alcohol,  when  it  separated  in  lustrous,  yellow 
needles  melting  at  190—191°. 

0-1406  gave  17-7  c.c.  nitrogen  at  21°  and  754  mm.     N-  1421. 
CfllfjOjNjHr.j  re(|uireH  N  •=  13-50  per  cent. 

This  base  is  identical  with  the  compound  obtained  by  Jackson  and 
Fisko  by  heating  3:4:  5-tribromo-l  :  2-dinitrobenzono  with  alcoholic 
Ammonia  and  described  as  molting  at  189 — 190'  {Amer.  Chem.  J., 
1903,30,63—82). 

/JUiceli/l-Q-chforoi-nUrom-phevylentiliamhief 

NCVC„iI.,Cl(N  ll-CO-t'IIg),. 
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— A  solution  of  diacetyl-4-nitro-»i  phenylenediamine,  dissolved  in  the 
minimum  amount  of  hot  glacial  acetic  acid,  was  rapidly  cooled  to  pro- 
mote the  formation  of  small  crystals,  and  into  the  paste  thus  pro- 
duced a  slight  excess  of  chlorine  was  passed.  Heat  was  generated, 
hydrogen  chloride  was  liberated,  and  the  acetyl  compound  passed  into 
solution.  The  liquid  was  decanted  from  a  dark  sediment  into  water, 
and  after  neutralising  with  sodium  carbonate  the  chloro-derivative 
separated  as  a  pale  yellow,  crystalline  powder.  A  good  yield  was 
obtained,  the  product  being  sparingly  soluble  in  the  usual  solvents. 
It  separated  from  hot  water  as  a  bulky  mass  of  white,  felted  needles 
melting  at  about  222°. 

01372  gave  17-1  c.c.  nitrogen  at  18°  and  762  mm.     N=  14-49. 
01279     ,,     00628  AgOl.     Cl=12-15. 

CjoHjO^NaCl  requires  N  =  1552  ;  CI- 1307  per  cent. 

6Chloro-i  niirom-p/ienyleiiediamine. — The  foregoing  acetyl  derivative 
is  readily  soluble  in  seminormal  caustic  soda,  and  the  free  base,  which 
separates  out  on  boiling  the  solution,  crystallises  from  alcohol  in 
golden-yellow  needles ;  it  is  spai'ingly  soluble  in  cold  water  and  melts 
at  189—191°. 

The  diacetyl  compound  of  this  base  was  also  obtained  by  nitrating 
diacetyl-4-chloi'O-m-phenylenediamine  in  glacial  acetic  acid  solution; 
the  diamine  produced  by  hydrolysis  melted  at  189 — 191°  and  did  not 
depress  the  melting  point  of  the  foregoing  preparation. 

01052  gave  206  c.c.  nitrogen  at  21°  and  760  mm.     N-  22-30. 
01170     „     00852  AgCl.     Cl-18-44. 

C^H^OoNgCl  rciuires  N  =  2246 ;  CI-  18-93  per  cent. 

When  a  solution  of  this  substance  in  glacial  acetic  acid  is  treated 
with  bromine,  it  yields  an  orange  precipitate  which  is  probably 
6-chloro-2-bromo-4-niti'0-wi-phenylenediamine. 

T^-Bromobenzene-2-azo-Q-bronio-i-nUt'o-m-pftenylen«diamine, 
C^H,-Br-NrC^HBr(NHo)/NO.,. 
— ^This  azo-compouiid  was  formed  by  adding  a  hydrochloric  acid  solution 
of  ju-bromobenzenediazonium  chloride  to  a  solution  of  the  bromonitro- 
base  in  cold  glacial  acetic  acid.  On  addition  of  crystallised  sodium 
acetate,  the  compound  was  deposited  in  brick-red  tlocks.  It  separates 
amorphously  from  solvents  and  decompose?  indefioitely  above  170°. 
When  treated  with  cold  concentrated  sulphuric  acid,  it  gives  an  oi-ange- 
red  coloi-ation. 

0-1677  gave  252  c.c.  nitrogen  at  17°  and  762  mm.     N  =  17-50. 
00896     „     0-0796  AgBr.     Br  =  3779. 

CioHgOijNjBro  requires  N  =  16-87  ;  Br  =  38-55  per  cent. 
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]^-Chlorobe7izene-2-azO'&  c1iloro-i-nitro-m.-2:)henylenediamine, 
CeH,Cl-N2-C6HCl(NH2)2-N02. 
— This  substance  was  prepared  in  the  usual  manner,  the  chloronitro-base 
being  in  alcoholic  solution.  The  azo -compound  separated  at  once  as  a 
very  bulky  brick-red  precipitate,  having  when  dry  a  bluish  streak.  It 
is  insoluble  in  water,  moderately  soluble  in  alcohol  and  ethyl  acetate, 
readily  so  in  glacial  acetic  acid.  As  in  the  case  of  the  preceding 
bromo-com  pound,  this  azo -derivative  could  not  be  obtained  crystalline; 
it  melts  at  214— 216°.* 

0-1492  gave  27-0  c.c.  nitrogen  at  20°  and  765  mm.     N  =  21-00. 
0-1254     „     0-1082  AgCl.     01  =  21-34. 

CigHgOaN^Clg  requires  N  =  21-47  ;  01  =  21-78  per  cent. 

This  azo-compound  dissolves  in  cold  concentrated  sulphuric  acid  to 
an  orange  solution.  This  solution,  and  also  the  one  obtained  with  the 
corresponding  bromo-compound,  when  successively  treated  with  ice, 
filtered,  and  added  to  a  solution  of  "  R-salt,"  failed  to  give  any 
coloration,  thus  indicating  the  absence  of  fission  products  of  a  diazo- 
amine. 

EoYAL  College  of  Science,  London, 
South  Kensington,  S.W. 


XCVIII, — Influence  of  Substitution  on  the  Formation  of 
Diazoamines  and  Aminoazo-compounds.     Fart  IV. 
5- Bromo-aB(4)-di7nethyl-2  :  A-diaminotoluene. 

By  Gilbert  Thomas  Mobqan  and  Arthur  Clayton. 

In  the  course  of  an  investigation  on  the  interaction  of  the  completely 
alkylated  meta-diamines  with  diazonium  salts,  one  of  the  authors 
found  that  totramethyl-4  :  6-diamino-m-xylene  did  not  condense  with 
these  reagents,  negative  results  being  obtained  both  with  the  simpler 
diazo-derivatives  of  aniline  and  its  nitro-cora pounds  and  also  with 
diazotised  primuliu.  Tliis  inactivity  is  certainly  duo  to  the  presence 
of  the  Bubstituents  in  the  two  para-positions  with  respect  to  the  amino- 
group,  for  when  one  of   these  positions  is  still  open,  as  in  the  case 

•  Owing  to  the  iiiAoliiblo  and  uncryslalliHalilo  cliaractor  of  t\u>.  acetyl  and  azo 
(lorivativM  of  the  chloronitro-  and  bionionitiobiisps,  and  the  coiiHoquent  diliiculty 
experienced  in  ]inrirying  thc8o  inoducts,  their  molting  pointx  niiiHt  ))e  takon  as  being 
only  approximately  correct.  For  the  same  reaaon,  the  analytical  results  do  not 
ftlwaya  exhibit  such  ft  cloio  agreement  with  the  calculated  values  as  could  bo  desired. 
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of  the  lower  homologue,  tetramethyl-2  :  4-diaminotoluene,  the  produc- 
tion of  the  azo-colouring  matter  takes  place  readily  antl  quantitatively 
(Trans.,  1902,  81,  650). 

Inasmuch  as  the  di para-substituted  primary  meta-diamines  still  give 
azo-derivatives,  although  less  readily  than  those  diamines  containing 
one  free  para-position  (Trans.,  1902,  81,  89),  it  became  of  interest  to 
determine  how  far  the  alkylation  of  a  dipara-substituted  m-diamine 
may  proceed  before  the  production  of  azo-derivatives  is  quite 
inhibited.  With  this  end  in  view,  the  authors  have  undertaken  a 
study  of  rtS-dimethyl-2  :  4-diaminotoluene,  and  have  prepared  a  bromo* 
JiU, 

derivative,  N(CH3)j*<^      N'CH,,  substituted  in  the  remaining  para- 

Br 

position  in  order  to  compare  the  action  of  diazo-compounds  on  the  two 
partially  methylated  bases.  The  constitution  of  the  bromo-base  was 
determined  by  the  following  series  of  oj>eration8. 

The  nitration  of  dimethyl-^-toluidine  leads  to  the  formation  of  2-niti-o- 

dimethyl-ja  toluidine,  N(CH8)j*<^      N-CHg,  the  position  of  the  nitro- 

NO, 
group  being  fixed  by  the  alternative  method  of  preparing  the  dimethyl 
base  by  the  direct  methylation  of  2-nitro/>-toluidine  (Haibach,  J.  pr. 
Chem.,  1902,  [ii],  66,  246).  Under  certain  conditions,  the  foregoing 
nitration  gives  rise  to  a  dinitrodimethyl/^toluidine,  the  details  of  this 
alternative  change  being  more  fully  indicated  in  the  experimental 
section  (p.  947). 

On  reduction,  the  mononitro-base  yielded  cw-dimethyl-2  :  4-diamino< 
toluene,  which  was  isolated  in  the  form  of  its  acetyl  derivative, 
N(CH3)2'CgH3Me-NH-CO-OH3.  This  compound  was  brominated 
with  one  molecular  proportion  of  bromine  in  glacial  acetic  acid,  and 
the  monobromo-derivative,  N(CH3)2-C^H2MeBr-NH-CO-CH3,  hydro- 
lysed,  yielding  the  hydrochloride  of  bromo-as-dimethyl-2  :  4-diamin  :- 
toluene.  The  position  assumed  by  the  entrant  bromine  atom  was  af cur- 
tained by  the  following  alternative  method  of  preparation. 

Aceto-^-toluidide  was  converted  successively  into  3-bromoaceto-;>- 
toluidide  and  S-bromo-p-toluidine.  The  bromo-base  was  now  nitrated 
by  Glaus  and  Herbabny's  method,  which  consists  in  slowly  adding  its 
nitrate  to  cold  concentrated  sulphuric  acid  (Annalen,  1891,  265,  367). 

The  mononitro-derivative,  NOg'CgHgMeBr'NHg  (m.  p.  121°),  thus 
obtained  was  then  alkylated  by  heating  its  hydrobromide  with  methyl 
alcohol  at  140 — 150°  Under  these  conditions,  the  chief  product  is  the 
dimethyl  base,  NO^'CgHjMeBr-NMe.^  (m.  p.  38°),  which  is  separated 
from  a  small  amount  of  secondary  base  by  means  of  acetic  OiUhydride. 
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On  reduction,  the  nitrodimethyl  base  yields  a  bromo-as-dimethyl- 
diaminotoluene,  which  was  characterised  by  its  acetyl,  benzoyl,  and 
benzenesulphonyl  derivatives,  and  found  to  be  identical  with  the 
bromo-as-dimethyl-3  :  4-diaminotoluene  described  above. 

By  this  mode  of  preparation  the  position  of  the  bromine  atom  is 
determined,  and  as  the  position  of  the  amino-group  was  fixed  by  the 
preceding  process,  the  bromodiamine  is  thus  shown  to  be  5-bromo- 
as(4)-dimethyl-2  : 4-diaminotoluene,  this  proof  of  its  constitution 
being  outlined  in  the  following  diagi-am  : 


NH,  NH,  NMe, 


Br^    \         Br^    ^  Br 


}  NH.,  NMe.,  NMe.,  k  /^Hg 


NO.,      !    Jno.,   ^       I    Jnhac 


Before  the  above  proof  of  the  constitution  of  the  bromo-base  was 
worked  out,  several  other  attempts  had  already  been  made  to  demon- 
strate this  point.  One  of  these  consisted  incompleting  the  methylation  of 
the  bromo-base  and  comparing  the  result  with  the  product  obtained  by 
completely  methylating  5-bromo-2  :  4-diaminotoluene  (m.  p.  104°).  In 
this  way  we  showed  incidentally  that  the  two  bromo-2 : 4-diamiuotoluene3 
described  in  the  literature  as  melting  at  104°  and  107°  are  in  reality 
identical.  The  latter  was  prepared  by  reducing  either  5-bromo-2:4-di- 
nitrotoluene  (Greta,  Aimalen,  1875,  177,  231)  or  5-bromonitro-^>-tolu- 
idino  (m.  p.  118°).  The  recorded  difference  in  the  melting  points  is 
probably  due  to  the  fact  that  the  base  really  decomposes  through  a  wide 
range  of  temperature  from  103 — 107°,  the  exact  point  at  which  fusion 
occurs  de|>ending  on  tlie  rate  of  heating.  The  base  molting  at  104°,  which 
had  been  formerly  obtained  by  lluhemann  (Ber.,  1881,  14,  2659)  by 
brominating  dibonzoyl-2  : 4-diamiuotoluene  and  hydrolysing  the  pro- 
duct, was  made  by  this  process  for  the  purpose  of  comparison  and  also 
prepared  more  conveniently  from  diacetyl-2  :  4-diaminotoluene.  The 
productH  from  tiiose  four  different  preparations  did  not  depress  each 
other's  melting  points  and  when  treated  by  the  Sandineyer  process 
with  ctjprouH  bromide  yielded  2:4:  5-tribromotoluono. 

VV'inMi  5-bromo-a«(4)-tliuu)thyl-2  :  4-diaminotoluone  is  treated  with 
the  diazonium  salt  of  ;;-iiiti'()aniline  or  y>-bromoaniline,  or  with  diazo- 
benzunodulphonic  acid,  an  ill-deiined  uncry8talli.sable  product  is  obtained 
which  gives  the  reactions  both  of  a  diazoamino  and  of  an  amiuoazo- 
compound.   This  diamine,  like  O-bromu-2  :  4-diumiuotoluene,  gives  with 
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diazotised  primulin  on  the  cotton  fibre  a  brownish-red  azo-colour  of 
somewhat  duller  shade  than  that  produced  with  as(4)-dimethyl-2  : 4. 
iliaminotoluene. 

Experimental. 
Preparation  of  5-Bromo-&B(A)-dimethi/l-2  :  4-diaminotoluene. 

First  Method:  From  2-JVitrodimet/it/l-p-toluiiline. — A  solution  of  100 
grams  of  di methyl -jD-toluidine  in  1000  grams  of  concentrated  sulphuric 
acid  was  cooled  to  0°  and  slowly  treated  with  100  grams  of  con- 
centrated nitric  acid  (sp.  gr.  142)  mixed  with  300  grams  of  concen- 
trated sulphuric  acid.  The  mixture  was  continually  agitated  during 
the  opei^ation,  then  allowed  to  remain  for  six  hours,  and  subsequently 
poured  into  a  large  volume  of  ice-cold  water  and  the  solution 
neutralised  with  sodium  carbonate.  The  solitl  product  was  then 
.skimmed  off  the  surface,  washed,  and  extracted  with  alcohol,  and  the 
alcoholic  solution  allowed  to  crystallise.  In  this  way,  about  100  grams 
of  the  mononitro-base  were  obtained,  its  melting  point  being  37°. 
Haibach  (loc.  cit.),  who  obtained  it  by  methylating  2-nitro-y>- 
toluidine,  gave  its  melting  point  as  35°. 

In  diluting  the  product  of  nitration  with  water,  it  is  essential  that 
the  temperature  should  be  kept  as  low  as  possible  ;  otherwise  further 
nitration  takes  place,  and  the  nitro-compound  produced  is  much  less 
soluble  in  alcohol,  and  consists  almost  entirely  of  a  dinitrodimethyl-;>- 
toluidino.  This  compound  crystallises  from  alcohol  in  scarlet  scales 
melting  at  103°  ;  when  allowed  to  separate  slowly  from  this  solvent, 
dark  red  needles  are  obtained  having  the  same  melting  point. 

0-2912  gave  46-6  c.c.  nitrogen  at  16°  and  762  mm.     N=  18-71. 
CgHijO^Ng  requii-es  N=  18  67  per  cent. 

This  peculiar  behaviour  of  the  nitration  mixture  finds  a  parallel  in 
the  changes  which  were  observed  by  P.  von  Komburgh  to  take  place 
when  dimethylaniline  is  nitrated  under  similar  conditions  [Proc.  K.  Akad. 
Wetensch.  Amsterdam,  1902,  2,  342).  This  investigator  found  that  in 
concentrated  sulphuric  acid  dimethylaniline  interacted  with  only  one 
molecular  proportion  of  nitric  acid,  but  that  if  excess  of  this  reagent 
is  present,  the  further  nitration  leading  to  the  formation  of  the 
dinitrodimethylanilines, melting  at  176°  and  112°,  occurs  only  after  the 
sulphuric  acid  solution  is  poured  into  water.  In  our  experiments, 
only  one  dinitrodimethyl-/>-toluidine  (m.  p.  103°)  was  obtained,  the 
additional  nitro-group  being  added  when  the  sulphuric  acid  solution  of 
the  mononitro-compound  with  excess  of  nitric  acid  is  poured  into 
water,  so  that  the  temperature  rises  to  30 — 40°,  When  the  mixture 
was   thoroughly  cooled   during  the  dilution  and  neutralisation,  then 
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further  nitration  was  prevented,  and  only  the  mononitro-base  was 
obtained. 

Preliminary  experiments  showed  that  tin  and  hydrochloric  acid 
gave  the  best  results  on  reducing  2-nitrodimethyl-p-toluidine,  the 
yield  of  diamine  obtained  with  iron  filings,  water,  and  acetic  acid 
being  only  small.  After  reducing  and  removing  the  tin,  the  solution 
of  the  diamine  hydrochloride  was  concentrated,  rendered  faintly 
alkaline  with  caustic  soda,  and  then  treated  with  excess  of  acetic 
anhydride.  In  this  way,  about  65 — 70  grams  of  the  acetylated  diamine 
could  be  obtained  from  100  grams  of  the  nitro-compound.  After  one 
crystallisation  from  water,  the  acetyl-as(4)-dimethyl-2  : 4-diamino- 
toluene  separated  in  white  needles  melting  at  135°. 

Five  grams  of  the  acetyl  derivative,  dissolved  in  50  c.c.  of  glacial 
acetic  acid  at  16°,  were  treated  with  4*2  grams  of  bromine  in  5  c.c. 
of  the  same  solvent,  and  after  one  hour  the  mixture  was  poured  into 
water  and  the  solution  rendered  ammoniacal. 

The  precipitated  acetylbromodiamine  was  crystallised  from  alcohol, 
when  it  separated  in  woolly  crystals  melting  at  163°. 

0-2175  gave  0-1514  AgBr.     Br  =  29-62. 

Cj^HijONgBr  requires  Br- 2952  per  cent. 

The  hydrolysis  of  the  acetyl  derivative  was  effected  by  boiling  with 
concentrated  hydrochloric  acid,  when  on  concentrating  the  resulting 
solution  a  somewhat  deliquescent  hydrochloride  was  obtained.  The 
base,  when  set  free  with  ammonia,  separated  at  first  as  an  oil  which 
slowly  .soliditied ;  when  crystallised  from  light  petroleum  (b.  p. 
40 — 60°),  it  was  obtained  in  pearly  leaflets  melting  at  40°. 

0-1428  gave  0-1166  AgBr.     Br  =  3475. 

CjHjgNjBr  requires  Br  =  34-89  per  cent. 

The  compound  darkens  on  exposure,  the  colourless  crystals  rapidly 
ac(juiring  an  intense  violet  tint. 

Second  Method .-  From  ^-Bromo-yt-toluidiiie. — Twenty  grams  of 
powdered  3-bromo-p-toluidino  nitrate  were  slowly  sprinkled  into  150 
grams  of  concentrated  sulphuric  acid  at  0°  (Glaus  and  Horbabny,  loc. 
ciL),  the  mixture  being  thoroughly  stirred  tlaoughout  the  operation, 
then  allowed  to  remain  for  6  hourrf,  and  subsequently  poured  into  ice- 
water  and  neutralised  with  sodium  carbonate.  The  precipitated  base, 
obtained  in  practically  quantitative  yield,  when  crystallised  from 
alcohol,  separated  in  golden-yellow  cryntals  (m.  p.  121'^). 
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3-Bromonitrodimethi/l-p-tolu  idine. 

Attempts  were  made  to  methylate  the  foregoing  nitro-base  with 
dimethyl  sulphate  and  with  methyl  iodide  and  caustic  soda,  but  the 
products  were  not  inviting. 

A  more  favoui-able  result  was  obtained  by  heating  the  hydrobrom- 
ide  (3  grams)  of  the  base  with  5  c.c.  of  methyl  alcohol  for  8  hours 
at  HO — 150°.  The  oily  or  semi-solid  product  was  freed  from  excess 
of  alcohol  on  the  water-bath  and  treated  with  acetic  anhydride  to 
remove  unaltered  base  or  any  secondary  amine.  The  residue,  when 
repeatedly  crystallised  from  alcohol  in  not  too  concentrated  solution, 
yielded  at  low  tempei-atures  well-defined,  yellow  needles  melting  at  38^. 

0-2784  gave  02048  AgBr.     Br  =  31-30. 

CQHjjOjNjBr  requires  Br  =  3086  per  cent. 

Reduction  of  3-BronionitrodiinetAylp-toluiditie. 

This  operation  was  conveniently  carried  out  with  tin  and  hydro- 
chloric acid,  the  tin  removed,  and  the  diamine  isolated  in  the  form  of 
its  acetyl  derivative.  This  substance,  when  crystallised  from  alcohol, 
separated  in  woolly  crystals  melting  at  163^  ;  it  did  not  depress  the 
melting  point  of  the  acetyl  derivative  obtained  by  the  alterofttive 
method  of  preparation  (see  page  948). 

0-2067  gave  01433  AgBr.     Br  =  29-52. 

CijHjjONoBr  requires  Br  =  2949  per  cent. 

2-BenzeMstLlpko7it/l-5-bromo-ais{i)diTnetfii/l2  :  i-diaminotoluene  was 
prepared  from  the  two  specimens  of  5-bromo-rt8(4)-dimethyl-2 :4-diamino- 
toluene  obtained  by  the  foregoing  alternative  methods.  The  products, 
when  crystallised  from  alcohol  and  water,  each  melted  at  178 — 179**, 
and  a  mixture  of  the  two  had  the  same  melting  point. 

'2-£enzoi/l-5-bromo-a.s[i)-diinethyl-'2  :  i-diaminotoluene  was  obtained 
from  both  preparations  of  the  bi-omiuated  diamine  ;  the  two  specimens 
melted  at  177 — 178^,  and  a  mixture  of  the  two  in  equal  proportions 
had  the  same  melting  point. 

b-B romo-2  :i-toli/le7iediam i n e. 

(i)  Preparation  from  5-Bromo-i-nitro-o-toluidin^. 

One  part  of  5-bromo-o-toluidine  dissolved  in  5  parts  of  cold  concen- 
trated sulphuric  acid  was  slowly  treated  with  a  molecular  proportion 
of  nitric  acid  (sp.  gr.  1*42),  also  dissolved  in  the  same  medium,  the 
temperature  of  the  liquid  being  kept  below  3^.     After  1  hour,  the 
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product  was  poured  into  water,  the  mixture  neutralised,  the  precipi- 
tated nitrocompound  recrystallised  from  alcohol,  and  obtained  in 
yellow  crystals  melting  at  118°. 

The  nitro-base  was  reduced  with  iron  filings  and  acidified  water 
(HCl),  the  product  neutralised  with  sodium  carbonate,  and  the  result- 
ing diamine  extracted  with  ether.  This  base,  which  crystallises  from 
light  petroleum  (b.  p.  80 — 100°),  was  obtained  in  lustrous  needles  and 
melted  with  decomposition  at  104 — 107°. 


(ii)  Preparation  from  the  Acyl  Derivatives  oj  Tolylenel  :  i-diamine. 

Dibenzoyltolylene-2  :  4-diamine,  prepared  from  the  diamine  by  the 
Schotten-Baumann  reaction,  was  dissolved  in  glacial  acetic  acid  and 
treated  with  bromine  (1  mol.)  diluted  with  the  same  solvent.  The 
brominated  product,  when  recrystallised  from  alcohol,  was  boiled  for 
several  hours  with  alcoholic  hydrochloric  acid,  the  solution  being  kept 
saturated  by  passing  in  dry  hydrogen  chloride.  The  product,  when 
evaporated  and  rendered  alkaline,  yielded  a  small  amount  of  lustrous 
needles  melting  at  104 — 107°  and  giving  an  acetyl  derivative  melting 
at  254°  The  hydrolysis  was  rendered  more  complete  by  repeating  the 
experiment  under  pressure  at  140°. 

The  base  was  more  readily  obtained  from  diacetyltolylene-2  : 4- 
diamine  by  the  foregoing  process  ;  when  recrystallised,  it  also  decom- 
posed indefinitely  at  104—107°. 


(iii)  Preparation  from  vsx-Bromotolueiie. 

»n-Bromotoluene  was  readily  obtained  by  treating  an  alcoholic  solu- 
tion of  S-bromo/j-toluidino  sulphate  with  ethyl  nitrite  and  gradually 
heating  the  mixture  to  boiling  (compare  Wroblcwski,  Annalcn,  1873, 
168,  153).  The  brominated  hydrocarbon  obtained  after  evaporating 
off  the  solvent  and  (listilling  in  steam  was  suspended  in  cold  concen- 
trated sulphuric  acid  and  nitrated  with  concentrated  nitric  acid 
(2|  mols.)  mixed  with  3  volumes  of  sulphuric  acid.  The  dinitro- 
compound,  when  reduced  with  tin  and  hydrochloric  acid,  yielded 
5-bromo-2 : 4-tolylenediamino,  whicli,  when  crystallised  from  light 
petroleum,  separated  in  fine  needles  melting  at  104 — 107°  and  yielded 
an  acetyl  derivative  molting  at  254°.  Tiioso  preparations  did  not 
depress  the  molting  points  of  those  obtained  by  tho  preceding 
method. 

These  rcnultH  show  that  tho  samu  broniodiamino  in  obtuiuod  by  the 
three  different  methods  of  preparation  ;  its  orientation  was  determined 
by  diiMiolving  it  in  hydrobromic  acid  at  80"  in  the  presence  of  cuprous 
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bromide  and  adding  the  calculated  amount  of  Bodium  nitrite.  The 
product,  when  distilled  in  steam,  gave  2  :4  :5tribromotoluene  (m.  p. 
1 1 1°). 

Bromination  of  i-Nitro-o-toluidine. 

In  the  various  attempts  made  to  determine  the  relative  positions  of 
the  substituents  of  5-bromo  flw(4)-diuiethyl-2  : 4-diaminotoluene,  the 
bromination  of  4-nitro-o-toluidine  was  studied  in  the  hope  that  a  mono- 
bromo-derivative  would  be  obtained  identical  with  the  product  of  the 
nitration  of  5-bromo-o-toluidino,  their  identity  fixing  the  relative 
positions  of  the  l)romine  and  nitroxyl  constituents.  However,  on 
treating  4-nitra-o-toluidine  with  bromine  in  glacial  acetic  acid  diluting 
the  product  with  ice-water,  and  neutralising  with  sodium  carbonate,  a 
substance  was  obUiined  which,  when  crystallised  from  alcohol,  melted 
at  103°  and  was  therefore  not  identical  with  5-bromo-4-nitro-o  toluidine 
(m.  p.  118°). 

Analysis  showed  that  the  new  base  was  a  dibi-omo*4-nitro-o*toluidine, 
CHa-C^HBr,(NO.^)-NHj. 

0-3307  gave  04000  AgBr.     Br  =  51-47. 

CyH^O^NgBr^  requires  Br  =  51*68  per  cent. 

This  dibromo-ba.se  withstands  to  a  remarkable  extent  the  action  of 
diazotising  agents,  nitrous  acid,  and  amyl  nitrite  in  the  presence  of  a 
mineral  acid,  leaving  it  practically  unaffected. 

KoYAL  College  of  Science,  London, 
Soiru  Kbnsington,  S.W. 


XOIX. — 2'he  Action  of  Hypohromous  Acid  on  Piperazine, 

By  Frederick  Daniel  Chattaway  and  William  Henry  Lewis. 

The  .V-dichloro-derivative  of  piperazine  was  obtained  some  years  ago  by 
Schmidt  and  Wichmnn  {Ber.,  1891,  24,  3237),  who  also  obtained,  by 
the  action  of  bromine  water  on  the  base,  a  substance  which  they 
regarded  as  the  corresponding  A'-dibromopiperazine.  The  properties 
of  this  compound,  however,  were  so  dissimilar  both  to  those  of  the 
chlorine  derivative  and  to  those  of  all  compounds  known  to  contain 
bromine  attached  to  nitrogen  that  the  constitution  assigned  to  it 
appeared  improbable.  The  action  of  hypobromous  acid  on  piperazine 
has  therefore  been  studied,  as  this  in  most  cases  replaces  amino-  or 
imino-hydrogen  immediately  by  bromine.     The  action  of  hypobromous 
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acid  on  piperazine  is  somewhat  exceptional,  as  the  additive  compound 
which  has  been  assumed  to  be  formed  in  other  cases  where  this 
reagent  acts  on  bases  is  here  unusually  stable.  The  compound 
obtained  in  the  first  instance  appears  to  be  an  additive  product  of 
two  molecules  of  hypobromous  acid  to  one  molecule  of  the  base ; 
this,  however,  by  liberation  of  water  undergoes  a  partial  conversion 
into  the  iV-dibromopiperazine,  which,  unlike  most  other  compounds  of 
this  type,  is  able  itself  to  combine  with  two  molecules  of  hypobromous 
acid.  The  substance  obtained  by  the  action  of  excess  of  hypobromous 
acid  on  piperazine,  and  which  probably  is  similar  to,  if  not  identical 
with,  that  obtained  by  Schmidt  and  Wichman,  is  consequently  a 
mixture  of  hypobromous  acid  additive  products  of  piperazine  itself  and 
of  i\^-dibromopiperazine. 

iY-Dibromopiperazine  can  be  obtained  from  this  intermediate  mixed 
additive  product  by  the  action  either  of  dilute  alkali  hydroxide  or 
of  piperazine ;  it  resembles  in  properties  the  iV-dichloro-derivative 
obtained  by  Schmidt  and  Wichman,  and  also  other  similarly  consti- 
tuted xA^-bromo-derivatives.  It  is  dangerously  explosive.  iV-Di- 
bromopiperazine  differs,  however,  from  most  other  compounds  of  this 
type  in  that  it  is  able  on  treatment  with  excess  of  hypobromous  acid 
to  combine  with  two  molecules  of  the  acid  to  form  a  comparatively 
stable  additive  compound  ;  the  actions  may  be  represented  as  follows  : 


LM^OHj  g^/     Xch^-CH/      \Br 

BrN<^52^f!2>NBr     -->        Br^N<  >NfBr 

^^2  ^^2  Br/       \CH./CH/    \Br 


'2  ^-^-^2 


Action  of  Ilypohromoua  Acid  on  Piperazine. 

On  adding  a  dilute  aqueous  solution  of  piperazine  to  an  excess  of  a 
cooled  solution  of  hypobromous  acid  containing  no  free  bromine,  a 
pale  yellow  solid  at  once  separates,  which,  on  liltoring  off,  pressing 
between  filter-paper,  and  rapidly  drying  in  a  vacuum  over  phosphoric 
oxide,  is  obtained  as  a  soft,  yellow,  amorphous  powder.  This  product 
cannot  be  recryatallised,  as  it  does  not  dissolve  without  decomposition 
in  ordinary  solvents.  When  warmed  with  chloroform  or  acetic  acid, 
although  a  part  goes  into  solution,  it  is  obviously  with  considerable 
decomposition,  and  bromine  is  freely  evolved.  Even  in  a  vacuum  over 
phosphoric  oxide,  it  decomposes  slowly,  bromine  being  liberated.  On 
heating,  it  decoraposoH  ox[)lo8ivoly  at  about  72°  without  previously 
mulling.     A  weighed  (quantity  of  a  specimen  prepared  as  above  and 
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diied  over  phosphoric  oxide  for  two  hours  was  added  to  acetic  acid  con- 
taining an  excess  of  potassium  iodide;  it  slowly  dissolved  and  iodine 
was  liberated,  which  was  titrated  with  standard  sodium  thiosulphate, 
the  total  bromine  being  estimated  in  another  portion  by  Carius' 
method. 

0  29t2  liberated  1  =  31-9  c.c.  .V/IO  I.  Br  as  NBr,HOBr  or  JBr  as 
Br2  =  43-35. 

0-4793  yielded  07210  AgBr.     ToUl  Br  =  6402  per  cent. 

These  results  and  the  fact  that  the  substance  when  treated  with 
dilute  potassium  hydroxide  yields  a  pale  yellow  solution  containing 
potassium  hypobiomite,  potassium  bromide,  and  piperazine,  whilst 
iV^-dibromopiperazine  is  formed,  as  well  as  the  circumstance  that  it 
varies  considerably  in  composition  according  to  the  length  of  time 
taken  in  its  preparation  and  drying,  seem  to  show  that  this  yellow 
substance  is  not  a  single  individual,  but  a  mixture  of  additive  products 
of  bromine  and  hypobromous  acid  with  piperazine,  the  aminohydrogen 
of  which  has  been  partially  replaced  by  halogen.  It  agrees  in  pro- 
perties with  the  compound  obtained  by  Schmidt  and  Wichman  by  the 
action  of  bromine  water  on  piperazine,  and  is  probably,  if  not 
identical,  very  similar  in  comix)sition  to  that  substance. 

N -  Dibroiiiojiiperaz  ine  i^lJiethylenedibroinodiaiuine)^ 

'^■■n<ch;:ch;>nb'-- 

This  compound  can  be  obtained  from  the  yellow  additive  product 
previously  described  by  the  action  of  either  dilute  potassium  hydroxide 
or  an  aqueous  solution  of  piperazine. 

On  suspending  the  yellow  substance  in  a  2  per  cent,  solution  of 
potassium  hydroxide,  its  colour  changes  to  a  much  paler  yellow,  and  if 
chloroform  is  added  the  solid  now  dissolves  easily.  On  separating  the 
chloroform  solution  and  driving  off  the  solvent,  3^-dibromopiperazin9 
is  left,  whilst  the  aqueous  alkaline  residue  is  found  to  contain  potassium 
hypobromite  and  bromide  together  with  piperazine  and  a  very  small 
quantity  of  ethylenediamine. 

A  better  yield  is  obtained  by  using,  instead  of  potassium  hydroxide, 
a  weak  aqueous  solution  of  piperazine  itself,  the  following  procedure 
giving  a  very  satisfactory  result.  The  yellow  moist  solid  filtered 
f»om  the  excess  of  hypobromous  acid  used  in  its  preparation  was 
suspended  in  water  and  placed  in  a  separating  funnel  with  a  small 
quantity  of  chloioform.  An  aqueous  solution  of  piperazine  was 
then  slowly  added,  s- baking  vigorously  after  each  addition.  The 
insoluble    yellow    substance    gradually    passed  into  solution  and   the 
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chloroform  became  yellow.  When  all  the  solid  had  disappeared,  the 
chloroform  containing  the  dissolved  iV-dibromopiperazine  was  separ- 
ated, dried  over  calcium  chloride,  and  the  solvent  driven  off  in  a 
current  of  dry  air.  iV^-Dibromopiperazine  was  left  as  a  beautifully  crys- 
talline yellow  solid  ;  it  was  then  repeatedly  crystallised  fz'om  a  mixture 
of  chloroform  and  a  little  petroleum.  It  is  readily  soluble  in  chloro- 
form and  acetic  acid,  sparingly  so  in  petroleum,  and  crystallises  from 
the  former  in  yellow,  transparent,  short,  flattened  prisms.  When 
heated  to  79 — 80°,  it  explodes  with  great  violence  without  previously 
melting.  The  explosion  of  even  a  very  small  quantity  in  a  capillary 
tube  may  be  dangerous,  and  on  several  occasions  shattered  a  small 
beaker  containing  oil  in  which  the  tube  was  being  heated.  It  was 
analysed  by  the  iodometric  method  in  acetic  acid. 

0-2936  liberated  1  =  48-1  c.c.  i\^/10  I.     Br  as  NBr  =  65-49. 
BrN:[CH2'CH2]2-NBr  requires  Br  as  NBr  =  65-52  per  cent. 

The  action  of  piperazine  as  well  as  of  potassium  hydroxide  on  the 
yellow  additive  product  is  accompanied  by  a  slight  decomposition  of 
the  base  and  the  formation  of  a  small  quantity  of  ethylenediamine. 
This  was  shown  by  shaking  the  liquid  remaining  after  the  separation 
of  the  chloroform  solution  of  #-dibromopiperazine  with  an  excess  of  a 
solution  of  hypobi-omous  acid.  In  addition  to  a  large  quantity  of  the 
previously  described  additive  product,  a  small  quantity  of  othylene- 
tetrabromodiamine  (Chattaway,  this  vol.,  pp.  37,  382)  was  formed  and 
could  be  extracted  by  chloroform.  On  evaporating  off  the  chloroform 
and  recrystallising  the  red,  crystalline  residue  several  times,  charac- 
teristic orange-red  prisms  of  ethylenetetrabromodiamine  were  obtained 
which  melted  at  62°  and  exploded  violently  a  few  degrees  higher. 
Its  identity  was  established  by  an  analysis. 

0-1962  liberated  1  =  41-5  c.c.  N/10  I.     Br  as  NBr  =  84-56. 
CjH^NjBr^  requires  Br  as  NBr  =  85-07  per  cent. 

Action  of  Ifyjwh'omoua  Acid  on  'i^-Dihromopijierazine. 

J\^-Dibromopiperazine  unites  at  once  with  hypobromous  acid  to 
produce  a  comparatively  stable  additive  product.  A  quantity  of 
iV-dibromopiperazine  was  dissolved  in  chloroform  and  the  solution 
Hhakon  with  a  woU-coolod  solution  of  hypobromous  acid  free  from 
bromine;  u  yellow  solid,  insoluble  in  water  or  chloroform,  at  once 
separated.  This  was  lilterod  off,  and  after  thoroughly  washing  with 
water  and  chloroform  was  pressed  between  lilter-jjapor  and  dried  for 
two  hours  over  phonphoric  oxide  in  a  vacuum.  A  soft,  amorphous, 
y«llow    powder  was  obtained  somuwhat   darker  in   colour  than  that 
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obtained  from  piperazine,  but  otherwise  mucb  resembling  it  in  ap- 
pearance and  properties.  It  was  not  soluble  in  ordinary  solvents 
without  decomposition  and  liberation  of  bromine,  and  although  it  did 
not  undergo  any  noticeable  immediate  change  while  drying,  when 
kept  in  a  vacuum  over  phosphoric  oxide  for  a  few  hours  a  slight 
liberation  of  bromine  occurred.  On  suspending  it  in  a  dilute  solution 
of  potassium  hydroxide,  ^-dibromopiperazine  was  regenerated  and  a 
solution  containing  potassium  hypobromite  obtained.  On  heating,  it 
decomposed  explosively,  without  previously  melting,  at  about  72*^. 

0-2133  liberated  I  =.38-3  c.c.  .V/10  I.  Br  as  NBr.HOBr  or  |Br  aa 
Br,  =  71-8. 

6-2700  yielded  0-4818  AgBr.     ToUl  Br  -  75-94. 
BrN:[OH.^CH2]2:NBr,2HOBr  requires  total    Br   (all   as  NBr  and  aa 
HOBr)  =  7302  per  cent. 

Owing  to  the  ease  with  which  the  compound  is  decomposed  with 
liberation  of  bromine,  very  ex:ict  analytical  uumbei-fl  could  not  be 
expected. 

The  total  bromine  obtained   by  C'urius'  method  is  somewhat  L!   '    . 
than  that  obtained  by  titration,  and  seems  to  indicate  that  the  1. 
bromous  acid  additive  product  is  mixed  with  a  small  amount  of  a  bromine 
additive   product   or   that   substitution  has  taken    place  to  a   slight 
extent,  the  former  being  the  most  probable  alternative. 

The  mode  of  formation  of  the  compound,  however,  and  the  fact  that 
by  the  action  of  potassium  hydroxide,  A'^-dibromopiperazine  and 
potassium  hypobromite  are  obtained  point  to  the  formula 

BrN:[CH3CH2],:NBr,2HOBr 
being  correct  and  to  the  compound  being  an  additive  product  of  two 
molecules  of  hypobromous  acid  to  a  molecule  of  j.V-dibromopipei-azine. 

Sr.  Bartuolomkw*s  Hospital  and  College, 
London,  E.C. 


C. — Tetramethylammonium  Hydroxide. 

By  James  Walker  and  John  Johnston,  Carnegie  B^search  Scholar. 

It  is  remarkable  that,  notwithstanding  the  interesting  properties 
displayed  by  the  tetralkylammonium  hydroxides,  the  free  bases  have 
never  been  isolated  in  any  definite  form,  and  that  nearly  all  experi- 
ments in  which  they  have  played  a  part  have  been  conducted  with  the 
crude  solutions  obtained   by  the  action  of  moist  silver  oxide  on  the 
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solution  of  the  corresponding  iodide.  It  is,  of  course,  well  known  that 
such  a  solution  on  evaporation  in  a  vacuum  yields  a  crystalline  mass, 
but  no  attempt  seems  to  have  been  made  to  separate  the  crystals  in  a 
form  suitable  for  analysis.  Victor  Meyer  and  Jacobson,  in  their 
Lehrbuch  der  organischen  Chemie,  say  on  the  subject :  "  Es  darf  nicht 
unerwiihnt  bleiben,  dass  Analysen  der  freien  Hydroxyde  bislang  nicht 
vorliegen,  dass  demnach  die  Annahme  einer  Hydroxylgruppe  vorlaufig 
noch  eine  durch  das  Verhalten  der  Basen  freilich  sehr  wahrscheinlich 
gemachte  Hypothese  einschliesst."  In  the  present  paper,  the  isolation 
of  feveral  hydrates  of  tetramethylammonium  hydroxide  is  described, 
together  with  a  new  method  for  the  preparation  of  this  and  similar 
compounds. 

One  occasionally  finds  statements  in  text-books  and  in  original 
memoirs  drawing  attention  to  the  great  stability  of  the  salts  of 
tetralkylammonium  hydroxides  and  to  the  great  strength  of  the  bases 
themselves,  and  referring  the  impossibility  of  separating  the  hydroxides 
from  their  salts  by  means  of  caustic  alkali  to  one  or  other  of  these 
causes.  That  the  hydroxides  cannot  be  liberated  from  their  salts  in 
this  way  has  little  to  do  with  either  the  stability  of  the  salts  or  with 
the  affinity  of  the  bases  themselves,  but  in  reality  depends  on  the 
relative  solubility  (or  volatility)  of  the  reacting  substances.  It  is 
strange  that  this  erroneous  conception  should  have  persisted  so  long,  or 
even  that  it  should  have  arisen,  for  Hofmann  is  perfectly  clear  and 
explicit  about  the  point  in  his  original  paper  describing  the  first  of 
these  bases  {Annalen,  1851,  78,  266). 

Practically  the  preparation  of  tetramethylammonium  hydroxide 
fiom  its  salts  resolves  itself  into  a  question  of  solubility  as  follows. 
In  general,  the  equation 

NIVI  e^X  +  MOH  =  NMe^OH  -t  MX 

will  represent  a  real  action  proceeding  nearly  to  completion  if  M,  X, 
and  tlio  solvent  are  so  chosen  that  all  the  sjibstances  except  MX  shall 
bo  Kohible,  or  at  least  that  MX  shall  be  much  le.ss  soluble  than  cither 
of  the  original  reacting  substances.  This  principle  was  applied  by 
Hofmann  in  his  preparations  with  water  as  solvent.  For  M  and  X 
he  choso  either  the  pair  Ag,l  or  Ba,SO^,  in  both  of  which  cascH  MX  is 
practically  insoluble  in  water. 

It  is  clear  that  if  the  general  ajjplication  of  the  above  principle  is 
jiiKtiliablo,  tetramethylanuiioniuni  hydroxide  may  bo  prepared  from  a 
tetramethylammonium  salt  by  means  of  potassium  hydroxide  if  we 
so  chooKo  X  and  the  solvent  that  of  the  substances  represented 
in  iiio  o(|ualion 

N  Mo^X  +  KOH  -  NMe^OH  +  KX 

all  hhftll  bo  Holultio  (fxcfpt,    KX.     The  condition  is  fiillillcd  if  X  is  CI 
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and  methyl  or  ethyl  alcohol  the  solvent,  for  tetramethylaiumonium 
chloride  and  hydroxide,  as  well  as  potassium  hydroxide,  are  all  soluble 
in  either  solvent,  whilbt  potassium  chloride  is  almost  insoluble. 

It  was  found  that  a  cold  concentrated  solution  of  tetramethyl- 
ammonium  chloride  in  methyl  alcohol,  when  mixed  wilh  a  similar 
solution  of  caustic  potash  in  the  same  solvent,  yielded  at  once  a 
copious  precipitate  of  potassium  chloride,  the  action  being  accompanied 
by  disengagement  of  heat.  When  the  precipitate  of  potassium 
chloride  had  been  removed  by  filtration,  the  solution  was  found  to 
contain  tetramethylammonium  hydroxide,  with  only  a  trace  of 
chloride  or  of  carbonate  when  the  reacting  substitnces  were  pure  and 
in  equivalent  proportions. 

The  tame  reaction  takes  place  when  ethyl  alcohol  is  used  as  solvent, 
and  indeed  yields  a  product  contiiining  even  less  chloride,  owing  to 
the  smaller  solubility  of  jK)tasi»ium  chloride  in  ethyl  than  in  methyl 
alcohol.  This  advantage,  however,  is  counterbalanced  by  the  draw- 
back that  the  alcohol  is  discoloured  by  the  strongly  alkaline  solutions, 
and  yields  a  somewhat  coloui-ed  hydix)xide.  It  is  inadvisable  to 
employ  either  sodium  hydroxide  or  tetramethylammonium  iodide  in 
the  reaction,  as  the  sodium  salts  are  more  soluble  in  alcohol  than  the 
potassium  salts  and  the  alkaline  iodides  more  soluble  than  the  corre- 
sponding chloi'ides. 

The  isolation  of  the  hydroxide  from  the  alcoholic  solution  was  at 
tirst  attended  with  considerable  difficulty.  When  the  solution  is 
subjected  to  distillation  under  diminished  pressure,  the  alcohol  at 
first  evaporates  at  a  low  temperature,  but  as  the  solution  becomes 
more  concentrated,  the  temperature  of  the  liquid  must  be  raised, 
until  eventually  at  about  50'  the  tetramethylammonium  hydroxide 
in  the  solution  begins  to  decompose  into  trimethyUmine  and  methyl 
alcohol.  If  the  operation  is  stopped  at  this  point,  the  liquid 
contains  about  half  its  weight  of  hydroxide,  and  the  syrupy  solution 
on  cooling  deposits  some  crystals  which,  however,  are  difficult  to 
remove,  and  are  contaminateil  with  chloride.  A  crop  of  crystals 
obtained  from  such  a  solution  seemed  to  contain  methyl  alcohol  of 
crystallisation,  the  composition  being  represented  approximately  by 
the  formula  NMe^OH,2CH30H.  It "  was  found  that  the  separation 
of  the  tetramethylammonium  hydroxide  could  be  most  easily  effected 
by  the  addition  of  a  sufficient  quantity  of  water  to  permit  of  the 
formation  of  a  crystalline  hydrate.  The  mode  of  operation  may  be 
illustrated  by  the  account  of  a  preparation  made  when  the  conditions 
had  been  determined  with  some  accuracy. 

Forty  grams  of  pure  dry  tetramethylammonium  chloride,  in  a  sample 
of  which  the  chlorine  had  been  accurately  estimated  by  titration,  were 
dissolved  in  80  c.c.  of  absolute  methyl  alcohol ;   a  filtered  solution  of 
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potassium  hydroxide  in  methyl  alcohol  had  previously  been  prepared, 
and  its  concentration  determined  by  the  titration  of  a  known  weight 
with  acid.  Of  this  solution,  83'8  grams  containing  20*4  grams  of 
potassium  hydroxide  were  mixed  with  the  solution  of  tetramethylam- 
monium  chloride.  A  white  precipitate  at  once  separated,  and  was 
filtered  off  after  the  mixture  had  remained  for  IJ  hours  at  the  ordinary 
tempei'ature.  The  mixing  and  filtration  were  carried  out  in  a  case 
with  glass  top  and  back,  which  contained  quicklime  and  was  furnished 
with  holes  in  movable  slides  for  the  reception  of  the  hands.  By  the 
use  of  this  case,  contamination  by  carbon  dioxide  was  reduced  to 
a  minimum.  For  the  filtration,  a  Buchner  filter  with  very  slight 
suction  was  employed,  and.  the  precipitate  was  washed  with  a  few  c.c. 
of  methyl  alcohol.  To  the  clear  filtrate  were  now  added  45  c.c.  of 
water,  and  the  liquid  was  subjected  to  distillation  under  reduced 
pressure  from  a  water-bath  at  35°.  After  2  hours,  the  distillation  was 
interrupted,  and  a  sample  of  the  remaining  solution  removed  for 
analysis.  It  was  found  that  0*5 3  gram  of  the  solution  contained 
0'19  gram  of  tetramethylammonium  hydroxide,  and  that  90  grams  of 
distillate  contained  30  grams  of  water.  No  odour  of  ti'imethylamine 
was  pei'ceptible.  To  the  solution,  35  grams  of  water  were  added,  and 
the  distillation  was  continued  for  1  hour.  The  solution,  which  weighed 
77  grams,  was  now  practically  free  from  methyl  alcohol,  and  titra- 
tion of  a  weighed  sample  showed  that  it  contained  30  grams  of  tetra- 
methylammonium hydroxide,  the  theoretical  yield  being  32-4  grams. 
The  solution,  which  had  no  odour  of  trimethylamine,  was  then  trans- 
ferred to  a  glass  crystallising  dish  with  ground  overlapping  lid.  On 
cooling,  it  partially  crystallised,  and  15  grams  of  a  crystalline  hydrate 
were  filtered  off.  After  the  filtrate  had  remained  for  some  days  in  a 
desiccator,  15  grams  more  of  the  same  hydrate  were  deposited.  Both 
the  first  and  second  crops  of  crystals  were  free  from  chloride  and  from 
carbonate,  and  left  no  residue  on  ignition.  The  mother  liquor,  on 
continued  evaporation,  deposited  fuither  quantities  of  crystals,  but 
those  were  not  quite  .so  pure. 

The  crystalline  hydrate  yielded  the  following  results  on  titration 
and  combustion  : 

0176  gram  contained  0089  gram  of  anhydrous  NMe^OH  =  506. 
0091     „  „  0046  „  „  NMo.,OH  =  505. 

NMo^OH  in  NMo^OH,5n2()-50-3  per  cent. 
0*3670  gave  249  c.c.  moist  nitrogen  at  15"  and  748  mm.     N  =  8-0. 
0'1860     „     0'1822  CO.^  and  0-2085  11/).     C-26'7  ;  H  -  12  5. 
NMe^0H,5H,0  requires  C- 26  0;  H-12-7;  N-7-7  per  cent. 

The  rryKtals  thuH  conHlstcd  of   a  pentahydrato  of  tetnunotliylam- 
ni'>Miiitii  liydroxidt!.      Whon  slowly   (l(([)OHitod,  th(^  |tt>ii(aliy(ira(()  forms 
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long,  interlacing  needles,  which  are  excessively  hygroscopic  and 
extremely  avid  of  carbon  dioxide.  As  far  as  possible,  therefore,  all  opera- 
tions involving  the  transference  of  it  or  of  any  other  hydrate  were 
carried  out  over  quicklime  inside  the  above-mentioned  ciise.  The  penta- 
hydrate  fuses  at  62 — 63°  without  the  odour  of  trimethylamine  being 
perceptible.  In  a  desiccator  over  quicklime  or  phosphoric  oxide,  the 
pentahydrate  slowly  loses  water  at  the  ordinary  temperature  and  pres- 
sure, the  change  being  visible  by  the  efHorescence  of  the  crystals ;  in 
vacuo,  the  dehydration  is  much  more  rapid.  Measurements  of  the 
vapour  pressure  of  the  pentahydrate  in  a  Frowein  differential  tensi. 
meter  resulted  as  follows  : 

Temp.  8°    15'      25"      85'       40'       45'       50*      55*       58' 

Mm.  bromonaphthalene        2      4      65        14        21        32       44       65       85 

,,    mercury       ..     021    0-43   07       1'5      a'3      3  5      48      7-0      9  2 

The  pentahydrate  is  very  soluble  in  water,  as  the  following  figures 

show  : 

Parts  of  Parts  of 
{>eutah)'dr«to        ti-tramt-th)lHiutnonium 

di.ssolveil  by  hydroxide  in 

100  parts  100  parts 

Temp.                       of  water.  of  solution. 

0^                         151  30 

15                         220  346 

63                          00  60-3 

The  heat  of  solution  of  the  pentahydrate  in  30  parts  of  water  was 
found  in  two  experiments  to  be  —2120  and  -  2170  cal.  for  the  gram- 
molecule. 

When  the  pentahydrate  is  dehydrated  at  temperatures  above  40° 
but  below  60°,  it  partially  liquefies  after  a  time,  but,  as  dehydi-ation 
proceeds,  solidification  again  takes  place.  In  this  respect,  the  dehydra- 
tion resembles  that  of  the  hexahydrate  of  ferric  chloride  between  30° 
and  32  \  By  careful  dehydration  at  a  comparatively  low  temperature, 
a  trihydrate  may  be  prepared  apparently  identical  with  a  crystalline 
hydrate  which  separated,  on  cooling,  from  the  mother  liquors  of  a 
pentahydrate  crystallisation  which  had  been  concentrated  further 
171  vacuo.  Analysis  of  the  latter  preparation  yielded  the  following 
results  : 

0148  required  1035  c.c.  iV/10  HCl  for  neutralisation.  Anhydrous 
base  =  63-6  ;  NMe^OH,3H20  requires  628  per  cent. 

0-0956  gave  01153  COo  and  01134  HjO.     0  =  329;  H  =  13-2. 
NMe^OH.SH.O  requires  0  =  33- 1  ;  H=  13-1  per  cent. 

The  trihydrate  melts  at  59 — 60°  and  has  a  vapour  pressure  much 
lower  than  that  of  the  pentahydrate,  a  pressure  of  1  mm.  of  mercury 
being  reached  at  about  45^, 


960  TETRAMETHYLAMMONIUM   HYDROXIDE. 

Dehydration  of  the  pentahydrate  for  four  days  at  35°  and  under 
18  mm.  pressure  yielded  a  solid  having  the  composition  of  the  mono- 
hydrate,  NMe40H,H20,  when  determined  by  titration.  This  mono- 
hydrate  lost  no  water  on  being  heated  under  the  same  conditions  for 
five  days  longer.  It  decomposed  without  melting  at  130 — 135°  with 
formation  of  trimethylamine,  and  dissolved  somewhat  slowly  in  water 
with  evolution  of  heat.  Experiments  on  dehydration  by  means  of 
quicklime  and  phosphoric  oxide  were  conducted  in  sealed  tubes  evacuated 
by  means  of  the  mercury  pump,  but  in  no  case  was  the  anhydrous 
substance  formed.  Even  if  the  dehydration  were  pushed  to  the  point 
of  decomposition,  the  residue  always  gave,  on  titration,  numbers  which 
corresponded  closely  with  the  formula  NMe^OHjHgO.  Two  such  tubes, 
allowed  to  remain  for  a  year  and  a  half  at  the  ordinary  temperature, 
gave  solids  which  had  the  composition  NMe40H,l'lH20  and 
NMe^OH,l*3H20  respectively.  It  is  thus  apparently  impossible  to 
obtain  tetramethylammonium  hydroxide  in  the  anhydrous  state,  as 
the  monohydrate  decomposes  with  formation  of  trimethylamine  before 
a  temperature  is  reached  at  which  it  has  a  perceptible  vapour  pressure 
of  water. 

As  the  amount  of  water  in  the  hydrates  was  usually  and  most 
conveniently  estimated  by  deducting  from  the  weight  of  hydrate  the 
amount  of  anhydrous  hydroxide  determined  by  titration  with  acid, 
some  direct  experiments  were  made  to  check  the  indirect  method.  A 
weighed  quantity  of  hydrate  was  placed  in  the  closed  end  of  a  long, 
narrow,  glass  tube,  and  was  covered  with  a  long  layer  of  quicklime. 
The  tube  and  its  contents  were  weighed  and  attached  by  the  open 
end  to  a  soda-lime  tube  to  protect  the  quicklime.  The  hydrate  was 
then  gradually  heated  to  the  temperature  of  decomposition  of  the 
hydroxide,  the  trimethylamine  and  methyl  alcohol  escaping  in  the 
form  of  vapour.  The  increase  in  weight  of  the  tube  and  quicklime 
was  equal  to  the  weight  of  the  water  in  the  hydroxide.  The  method 
gave  results  in  exact  accordance  with  the  indirect  method  by  titration. 
For  example,  crystals  found  by  titration  to  contain  46  7  per  cent,  of 
water  gave  46"5  per  cent,  by  the  direct  method. 

In  the  proportion  of  water  in  its  hydrates,  tetramethylammonium 
hydroxide  does  not  correspond  with  the  inorganic  alkali  liydroxidcs,  at 
IcaHt,  tiH  far  as  the  liydrates  stable  at  the  ordinary  tomporaturo  are 
concerned,  except  in  the  case  of  the  monohydrate.  ( 'omplox  (piatornary 
bascH  (those,  for  example,  derived  from  somo  alkaloids)  are,  however, 
known  to  exist  as  pentahydrates,  in  this  respect  resembling  tetramethyl- 
ammonium liydroxide. 

An  estimation  of  the  strength  of  the  base  by  means  of  the  velocity 
of  wijwnification  of  methyl  acetate  in  iV^/HO  solution  showed  that  it  was 
HOiiicwhat   weaker  tlian   sodium    iiydroxidu.     The   velocity  cun.stanls 
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obtained  at  25°  were  00106  and  00115  respectively,  so  that  if  the 
strength  of  sodium  hydroxide  is  represented  as  100,  that  of  tetra- 
methylammonium  hydroxide,  under  the  above  conditions,  will  be 
represented  by  92. 

Tlie  method  of  preparation  described  in  this  paper  has  been  applied 
to  other  tetralkylammonium  hydroxides,  of  which  it  is  hoped  to  give 
an  account  in  the  near  future.  The  expenses  of  the  research  were 
defrayed  by  a  grant  from  the  Research  Fund  of  the  Society. 

Univeusity  College, 

DUNUEE. 


CI. — Tetrethylsuccinic  Acid. 

By  James  Walkeb  and  Annie  Purcell  Walkeb. 

Cbum  Brown  and  Walkeb  {Annalen^  1893,  274,  51  ;  Trans.  Roy. 
Soc.  £Jin.,  1893,  37,  361)  obtained,  by  the  electrolysis  of  the  potass- 
ium ethyl  salt  of  diethylmalonic  acid,  an  oil  which  was  separable  by 
fractional  distillation  into  a  more  volatile  portion  consisting  chiefly  of 
ethyl  ethylcrotonate  and  a  less  volatile  portion,  which,  from  analogy, 
was  expected  to  contain  the  ethyl  ester  of  tetrethylsuccinic  acid.  The 
latter  fraction,  however,  did  not,  on  hydrolysis  with  hydrobromic  acid, 
yield  tetrethylsuccinic  acid,  but  a  neutral  substance,  which  had  the 
composition  and  molecular  weight  of  tetrethylsuccinic  anhydride. 
Owing  to  the  absolute  neuti-ality  of  this  substance  and  the  resistance 
which  it  olfered  to  the  action  of  alkalis,  it  seemed  scarcely  possible 
that  the  substance  could  be  an  acid  anhydride,  and  it  was  suggested 
that  it  might  conceivably  be  a  dihydroxyfurfuran  derivative  in  which 
all  the  hydrogen  had  been  replaced  by  ethyl  groups.  The  present 
investigation  was  undertaken  with  the  consent  of  Professor  Crum 
Brown  in  order  that  the  nature  of  this  neutral  product  might  if 
possible  be  elucidated. 

Potassium  ethyl  diethylmalonate  was  prepared  and  electrolysed,  as 
described  by  Crum  Brown  and  Walker  {loc.  cit.),  and  from  350  grams 
of  ethyl  diethylmalonate,  160  grams  of  the  oily  product  of  electro- 
lysis were  obtained.  For  the  preliminary  separation  of  the  oil  into  the 
two  fractions,  distillation  in  steam  was  on  this  occasion  employed 
instead  of  distillation  under  the  ordinary  pressure,  in  order  that  the 
decomposition  by  heat  might  as  far  as  possible  be  avoided.  The  less 
volatile  residue  from  the  steam  distillation  weighed  60  grams,  a  some- 
what larger  projx>rtion  than  that  previously  obtained.  This  was  frac- 
tionally distilled  under   22  mm.  pressure.     A  small  quantity  boiling 
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below  150°  was  rejected,  and  the  remainder  separated  into  three  por- 
tions :  (a)  150—170°,  [b)  the  main  portion  170—180°,  (c)  over  180°. 
Small  quantities  of  each  of  these  fractions  were  separately  saponified 
by  an  equal  volume  of  hydrobromic  acid  of  specific  gravity  1*78,  with 
which  they  mixed  freely.  The  mixture  contained  in  a  sealed  tube  was 
allowed  to  remain  for  some  hours  at  about  30°  and  then  heated  for  10 
hours  at  110°.  After  cooling,  an  oily  layer  was  found  on  the  surface 
of  the  aqueous  layer  ;  these  layers  were  separated  and  the  oil  repeatedly 
washed  with  water,  during  which  process  it  partially  crystallised  in 
the  separating  funnel.  The  crystals  and  oil  were  finally  transferred 
to  a  porcelain  basin  and  heated  on  the  water-bath  in  order  to  expel  the 
ethyl  bromide  formed  on  hydrolysis.  On  cooling,  the  liquid  residue  solidi- 
fied to  a  crystalline  mass,  which,  after  purification,  yielded  a  substance 
melting  at  85°,  and  exhibiting  the  other  properties  of  the  neutral 
compound  previously  obtained.  From  the  main  fraction,  the  weight 
of  crude  crystals  obtained  was  nearly  three-fourths  of  the  weight  of 
oil  taken,  that  is,  approximately  the  weight  of  tetrethylsuccinic 
anhydride  obtainable  by  hydrolysis  from  the  corresponding  diethyl 
ester.  The  remainder  of  this  fraction  was  therefore  again  distilled 
under  reduced  pressure  in  order  to  obtain  the  ester  approximately 
pure  for  analysis;  it  practically  all  boiled  below  175°  under  25  mm. 
pressure,  but  the  temperature  rose  during  the  entire  distillation. 
The  chief  fraction,  boiliog  at  168 — 172°/25  mm.,  was  analysed  with 
the  following  result : 

0-1630  gave  0-4025  COg  and  0-1490  H.p.     C  =  67-32  ;  11  =  10-15. 
Ci^HyoO.,  requires  0  =  67-13  ;  11=  10-48  per  cent. 

The  oil  had  thus  the  composition  of  the  diethyl  tetrethyhuccinate. 
Since  it  could  not  be  saponified  by  means  of  alkali,  a  determination  of 
the  number  of  ethoxyl  groups  it  contained  was  made  by  Hewitt  and 
Moore's  modification  of  Zeisel's  method. 

0-1282  gave  0-1906  Agl.     C2H50-28-5. 

CijHjo03(0'C2H5)2  requires  C2H50  =  31'5  per  cent. 

ThJH  result  leaves  no  doubt  that  there  are  two  ethoxyl  groups  in  the 
molecule  of  the  ester  examined.  It  was  obsorvo<l  that  the  neutral 
Bubstance  melting  at  86°  crystallised  from  the  hydriodic  acid  solution 
at  tho  termination  of  the  analysis,  crystals  of  the  same  substance  being 
also  found  in  the  cooler  portions  of  tho  condonsing  tuho.  The  ester 
was  found  to  have  a  sp.  gr.  1011  at  4°/4". 

As  tho  proporti«)n  of  neutral  substance  ohtaiiiod  from  tho  least  and 
most  volatile  fnictioiiH  was  less  than  that  yioldcjd  l)y  the  main  fraction, 
no  attempt  was  made  to  purify  the  esters  they  contained,  tho  whole  of 
tho  oil  wliich  remained  beit)g  hydrolysed  with  fuming  hydrobromic  acid. 
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The  neutral  substance  which  they  yielded  was  purified  by  recrystallisa- 
tion  from  boiling  ligroin  and  finally  from  hot  methyl  alcohol.  The 
melting  point  of  the  pure  substance  was  found  to  be  SG*^  (corr.).  The 
substance,  when  heated  in  a  test-tube  to  150'',  slowly  vaporises  and 
condenses  in  the  form  of  large  crystals  in  the  cooler  portions  of  the 
tube  ;  at  270°  it  boils  without  decomposition.  From  a  solution  in 
aqueous  alcohol,  the  substance  separates  on  evaporation  of  the  alcohol 
in  extremely  slender  needles  which  sometimes  attain  the  length  of 
several  inches.  The  aqueous  liquid  which  remains  holds  practically 
nothing  in  solution  and  is  absolutely  neutral. 

Notwithstanding  the  neutrality  of  the  substance  and  its  insolubility 
in  aqueous  alkalis  under  ordinary  conditions,  a  set  of  experiments  was 
made  on  the  assumption  that  it  was  the  anhydride  of  tetrethylsuccinic 
acid.  Since  anhydrides  of  substituted  succinic  acids  react  readily 
with  aniline  in  benzene  solution  (Auwers,  Anttalen,  1896,  292,  132), 
a  solution  of  the  neutral  substance  in  benzene  was  left  in  contact  with 
two  equivalents  of  aniline  during  several  days :  the  substance  was 
recovered  unchanged.  It  was,  however,  attacked  by  aniline  and  by 
toluidine  when  heated  with  these  bases  for  several  hours  at  180°.  As  the 
most  cliaracteristic  test  for  the  anhydrides  of  succinic  acid  derivatives  is 
the  production  of  a  fluorescein,  a  portion  of  the  substance  was  heated  for 
one  hour  at  180°  with  resoirinol  and  a  little  freshly-fused  zinc  chloride. 
The  dark  product,  when  treated  with  a  dilute  solution  of  caustic  soda, 
yielded  a  deep  yellowish-red  solution  with  well  marked  green  fluor- 
escence. This  behaviour  afforded  a  sti-ong  indication  that  the  neutral 
substance  was  in  reality  the  anhydride  of  tetrethylsuccinic  acid.  An 
attempt  to  split  the  anhydride  ring  by  means  of  sodium  methoxide  was 
completely  successful.  A  small  quantity  of  the  substance  was  treated 
in  the  cold  with  two  equivalents  of  sodium  dissolved  in  absolute  methyl 
alcohol.  After  the  solution  had  stood  for  sevei'al  hours  at  the 
ordinary  temperature,  the  bulk  of  the  methyl  alcohol  was  evaporated 
off  on  the  water-bath.  On  addition  of  wat«r,  nearly  all  passed  into 
solution,  and  the  addition  of  hydrochloric  acid  to  the  aqueous  solution 
produced  an  oily  precipitate,  thus  proving  that  a  portion  of  the 
original  substance  had  been  converted  by  the  action  of  the  sodium 
methoxide  into  the  soluble  sodium  salt  of  an  insoluble  or  sparingly 
soluble  acid.  The  experiment  was  now  repeated  at  the  boiling  point 
of  methyl  alcohol.  After  about  two  hours'  heating,  the  methyl  alcohol 
was  removed  by  evaporation,  the  salt  dissolved  in  water,  acidified,  and 
the  liberated  acid  at  once  extracted  with  ether.  On  evaporation  of  the 
ether,  a  liquid  remained  which  slowly  crystallised  ;  the  crystals  ob- 
tained melted  at  48°  and  were  completely  soluble  in  dilute  alkali.  A 
determination  of  the  neutralising  capacity  of  this  acid  substance  gave 
the  following  result : 
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0*095  required  3"98  c.c,  NjlO  baryta  solution  :  the  equivalent  of  the 
acid  was  therefore  240. 

Since  hydrogen  methyl  tetrethylsuccinate  is  a  monobasic  acid  with 
the  equivalent  244,  it  was  evident  that  sodium  methoxide  had  acted 
on  the  anhydride  by  direct  addition,  giving  the  sodium  methyl  salt 
according  to  the  equation 

CioH2o<co>^  +  NaO-CHg  =  0,,-R,,<^^'^^^^^^, 
Avhich  on  acidification  yielded  methyl  hydrogen  tetrethylsuccinate, 

The  ester  acid  was  found  to  be  practically  insoluble  in  water  and 
excessively  soluble  in  all  organic  solvents,  from  which  it  invariably 
separated  as  an  oil  which  crystallised  on  long  standing.  From  a 
solution  in  aqueous  alcohol  it  separated  in  the  crystalline  state  on  slow 
evaporation  of  the  alcohol,  but  it  was  found  that  the  crystals  had  no 
sharp  melting  point  and  contained  a  considerable  proportion  of 
anhydride,  to  which  the  methyl  hydrogen  salt  had  reverted  during  the 
process  of  recrystallisation.  Further  attempts  at  the  purification  of 
the  acid  ester  by  recrystallisation  were  therefore  relinquished.  A 
Hewitt-Zeisel  determination  of  methoxyl  yielded  the  following  results  : 

01568  gave  0-1365  AgT.  CHgO^  11-5.  CiiH2i03(0-CH3)  requires 
CH30  =  12-7. 

It  was  again  observed  that  crystals  of  the  anhydride  separated  from 
the  hydriodic  acid  on  cooling. 

When  heated  in  a  melting  point  tube,  methyl  hydrogen  tetrethyl- 
succinate melts  at  46 — 48°,  and  the  liquid  decomposes  slowly  at  100° 
with  evolution  of  gas.  If  the  heating  is  continued  to  120°,  the  decom- 
position is  complete,  and  the  solid  obtained  on  cooling  the  liquid  now 
melt.s  at  85°.  Al>ovo  100°,  then,  methyl  hydrogen  tetrethylsuccinate 
deconqMSSos  into  tlio  anhydride  and  methyl  alcohol  according  to 
the  equation 

C,oH,o<^,g^!^  jy^  =  C,oH,<^g>0  +  CH3-0H. 

The  remainder  of  the  anhydride  was  now  converted  into  the  sodium 
methyl  salt  by  moans  of  sodium  metlioxide,  and  experiments  were 
undferttikon  to  ascertain  the  best  method  for  tlie  complete  saponifica- 
tion of  the  compound.  It  was  found  tluit  by  heating  the  sodium 
methyl  salt  with  excess  of  a  20  per  cent,  acjueous  solution  of  cnu.stic 
potash  on   the  water  li.il.li   for  G  hours  u  salt  was  obtained  wliich,  on 
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acidification,  yielded  a  crystalline  acid  melting  at  about  140**. 
Attempts  to  recrystallise  this  acid  were  at  first  unsuccessful  on 
account  of  the  readiness  with  which  it  reverted  in  solution  to  the 
anhydride;  it  was  finally  purified  by  dissolving  in  the  minimum 
amount  of  anhydrous  ether,  in  which  it  is  very  soluble,  and  precipita- 
ting by  the  addition  of  light  petroleum.  The  acid  purified  in  this  way 
melted  sharply  at  149*^  with  evolution  of  gas  (water  vapour),  the 
resolidified  substance  melting  at  86°,  the  fusing  point  of  the 
anhydride. 

01052  gave  02309  COj  and  0  0930  Up.     C  =  62-21 ;  H  =  982. 

C,jH,,,0^  reijuires  C  =  62  61  ;  H  =  9  56  per  cent. 
00372  lequired  982  c.c.  XjSO  caustic  soda  for  neutralisation.     Acid 
equivalent  =114;  equivalent  of  CjoH2(,(C02H)j=  115. 

The  acid  has  thus  the  composition  and  neutralising  capacity  of 
Ulrethyhuccinic  acid,  ft  is  very  soluble  in  ether,  easily  soluble  in 
ethyl  alcohol,  less  so  in  methyl  alcohol,  and  sparingly  so  in  light 
petroleum.  In  water  it  ia  very  sparingly  soluble,  4000  parts  of  the 
solvent  being  required  to  dissolve  1  part  of  acid  at  25^^. 

The  solutions  of  the  alkali  salts  of  tetrethylsuccinic  acid  exhibit  the 
following  j)eculiarity  in  their  behaviour  towards  phenolphthalein. 
The  aqueous  solution  (although  slightly  alkaline  to  azolitmiu)  is 
neutral  to  phenolphthalein  in  the  cold.  On  warming,  however,  the 
solution  to  which  the  phenolphthalein  has  been  added  assumes  a  deep 
pink  colour,  which  disappears  on  cooling.  On  again  warming,  the  colour 
reappears,  and  the  transition  from  coloured  to  colourltss,  and  vice  ver$d, 
may  be  repeated  indefinitely.  On  account  of  the  increased  hydro- 
lysing  power  of  water  with  rise  of  temperature,  this  behaviour  is 
«  pinori  probable  enough,  but  a  similar  investigation  of  a  great  many 
sodium  Stilts  of  organic  acids  showed  that  the  property  when  noticeable 
at  all  is  only  feebly  marked,  and  not  in  any  way  to  be  comjared  with 
the  striking  changes  shown  by  the  sodium  salt  of  tetrethylsuccinic  acid. 
In  view  of  the  ease  with  which  the  acid  decomposes  into  anhydride 
and  water,  it  was  thought  that  the  phenomena  observed  might  have 
their  origin  in  a  reversible  decomposition  favoured  by  rise  of  tempera- 
ture, but  no  evidence  of  such  a  decomposition  could  be  obtained.  Most 
probably  the  change  of  alkalinity  with  variation  of  temperature  is  due 
to  the  dissociation  constant  of  the  acid  having  an  unusually  large 
negative  tempei'atux'e-coefiicient, 

A  3  per  cent,  solution  of  sodium  tetrethylsuccinate  is  not  precipi- 
tated by  calcium  nitrate  solution  in  tho  cold;  a  precipitate  appeirs, 
however,  on  warmiug.  A  cold  saturated  solution  of  the  calcium  salt 
gives,  when  warmed,  a  slight  precipitate  which  redissolves  on  cooling. 
The  strontium  salt  is  less  soluVjle  than  the  calcium  salt,  and  like  it  is 
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more  readily  dissolved  by  cold  than  by  warm  water ;  the  barium  salt 
is  still  less  soluble.  A  solution  of  sodium  salt  of  the  above  concentra- 
tion is  not  precipitated  either  by  hob  or  cold  solutions  of  magnesium 
chloride  ;  the  zinc  and  lead  salts  under  the  same  conditions  separate 
as  bulky  precipitates.  The  cadmium  salt  is  moderately  soluble  in  cold 
water,  and  the  solution  gives  a  copious  precipitate  on  heating  which 
redissolves  completely  when  the  solution  is  cooled.  A  solution  which 
was  clear  at  the  ordinary  temperatui-e  became  turbid  at  40°  and  gave  a 
large  precipitate  at  70°.  After  standing  for  some  days  at  the 
ordinary  temperature,  a  saturated  solution  of  the  cadmium  salt 
deposited  crystalline  rosettes,  and  no  longer  exhibited  diminished 
solubility  with  rise  of  temperature. 

The  aqueous  solutions  of  the  alkali  salts  are  apparently  stable,  since 
after  several  months  they  showed  no  deposition  of  anhydride  and  no 
increase  of  alkalinity.  The  resistance  offered  by  the  anhydride  to  the 
action  of  alkalis  is  thus  all  the  more  remarkable.  It  has  already  been 
stated  that  under  ordinary  conditions  the  anhydride  does  not  dissolve 
in  aqueous  solutions  of  alkalis  to  any  appreciable  extent.  Prolonged 
action  of  concentrated  alkaline  solutions  does,  however,  convert  the 
anhydride  into  a  salt  of  the  acid.  Thus  a  small  quantity  of  anhydride, 
which  was  left  in  contact  with  a  30  per  cent,  aqueous  solution  of 
caustic  potash  at  the  ordinary  temperature,  was  after  six  weeks 
partially  dissolved.  On  acidification,  the  solution  yielded  a  precipitate 
which  melted  at  149°  and  was  therefoi'e  tetrethylsuccinic  acid.  Con- 
centrated alcoholic  potash  in  great  excess  was  heated  with  the 
anhydride  for  24  hours  on  the  watei*-bath ;  the  residue  obtained  on 
removal  of  the  alcohol  was  completely  soluble  in  water,  and  from  the 
aqueous  solution  an  oil  was  deposited  on  acidification  which  did  not 
crystallise  on  standing.  Tliis  oil  had  the  properties  of  ethyl  hydrogen 
succinate,  so  that  the  alcoholic  potash  apparently  acted  as  a  solution 
of  sodium  ethoxide,  the  potassium  ethyl  salt  being  formed  by  dii'ect 
addition. 

This  extreme  resistance  of  an  acid  anhydride  to  the  action  of  alkalis 
is  very  uncommon,  possibly  unexampled  in  organic  chemistry.  Even 
acids,  such  as  pyrocinchonic  acid,  which  have  no  stable  existence,  but 
pass  spontaneously  into  their  anhydrides,  are  at  once  regenerated  in 
the  form  of  salts  by  the  action  of  alkalis  on  the  anhydrides.  More- 
over, these  anhydrides  dissolve  in  water  to  furnish  solutions  which  are 
distinctly  acid  and  have  a  measurable  dissociation  constant.  The 
aqueous  solutions  must  thoroforo  contain  some  proportion  of  the 
substance  in  the  form  of  acid,  although  only  the  anhydride  is  obtained 
on  evaporation.  The  case  presented  by  tctrethylsucciiiic  acid  is  quite 
diiForeut ;  notwithstanding  the  insolubility  of  tho  anhydride  in  alkalis^ 
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the  acid  liberated  from  solutions  of  the  salts  is  quite  stable  in  the  solid 
state,  and  passes  into  the  anhydride  only  in  solution,  especially  in 
aqueous  solution,  when  the  conversion  seems  to  be  complete. 

The  progress  of  the  conversion  of  the  acid  into  anhydride  may  be 
followed  by  determining  the  electrolytic  conductivity  of  the  solution 
from  time  to  time.  It  was  found  that  in  a  solution  saturated  at  25^ 
half  the  acid  disappeared  in  the  course  of  two  hours.  In  9  hours  at 
the  same  temperature,  only  15  per  cent,  of  the  original  amount  of  acid 
i-emainod  unchanged,  and  in  two  days  all  the  acid  had  disappeared. 
The  anhydride  was  liberated  in  the  clutracteristic  form  of  long  and 
very  delicate  needles. 

A  determination  of  the  alHnity  constant  of  the  acid  resulted  as 
follows  : 

V.  ft.  100  III.  loot. 

889  171  4G  0044 

The  value  of  /x  is  given  in  terms  of  ohms,  and  the  degree  of  dissocia- 
tion is  calculated  on  the  basis  of  fi^  —  373.  No  gi-eat  degree  of 
accuracy  can  be  claimed  for  the  number  K  =  0  044  obtained  for  the 
nflinity  constant,  owing  to  the  ditiiculty  of  purifying  the  acid,  its 
sparing  solubility,  and  the  impossibility  of  keeping  it  unchanged  in 
aqueous  solution.  The  value  is  greater  than  that  of  the  constant  of 
tetramethylsuccinic  acid,  namely,  K  =  0"033,  which  is  in  accordance 
with  the  fact  established  by  Walden,  that  the  constants  of  the 
symmetrical  diethylsuecinic  acids  are  considerably  greater  than  those 
of  the  corresponding  dimethylsuccinic  acids.  Owing  to  the  practical 
insolubility  of  the  methyl  hydrogen  tetrethylsuceinate  in  water  at  25°, 
an  attempt  to  determine  the  affinity  constant  of  this  acid  ester  gave 
no  deiinite  result. 

Univkhsity  Collbok, 
Dundee. 


CII. — The  Synthesis  of  Substances  Allied  to 
Epinephnne. 

By  George  Barger  and  Hooper  Albert  Dickinson  Jowett. 

In  a  previous  communication  (Trans.,  1904,  85,  192)  it  was  shown  by 
one  of  us  that  the  constitution  of  epinephrine  (adrenaline),  the  active 
principle  of  the  suprarenal  gland,  might  be  represented  by  one  of  the 
two  following  formulre  : 
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OH  OH 

OH  /^OH 


CH-OH  CH-NHMe 

CH^-NHMe  CHg-OH 

I.  II. 

of  which  I  was  regarded  as  the  more  probable. 

These  views  have  since  been  confirmed  by  the  work  of  Pauly  (Ber., 
1904,  37,  1387),  Stolz  (Ber.,  1904,  37,  4149),  and  Friedmann  {Beitr. 
chem.  Physiol.  Path.,  1904,  6,  92),  although  the  first-named  author 
prefers  formula  II. 

Although  we  have  been  unable  to  synthesise  a  substance  having  the 
constitutional  formula  I,  we  have  obtained  its  methylene  and  dimethyl 
ethers  having  the  formula  CH2:02:CoH3-CH(OH)-CH2-NHMe  and 
(CH30)2:C6H3-CH(OH)-CH2-NHMe  respectively.  As  all  attempts  to 
isolate  the  corresponding  dihydroxy-base  by  the  decomposition  of  the 
ethers  were  unsuccessful,  we  desire  to  give  an  account  of  the  synthesis 
and  the  properties  of  the  compounds  prepared. 

The  synthesis  was  carried  out  as  follows  :  an  aldehyde,  either 
piperonal  or  methylvanillin,  was  treated  with  magnesium  methyl 
iodide  and  thus  converted  into  the  secondary  alcohol,  which,  by  loss  of 
water,  yielded  the  corresponding  styrene.  By  the  addition  of  bromine 
to  this  substance,  the  dibromide  was  formed,  which  by  treatment  with 
aqueous  acetone  yielded  the  bromohydrin,  this  product  being  then 
condensed  with  methylamine  and  the  required  base  thus  produced. 

The  stages  in  the  synthesis  may  be  represented  in  the  case  of 
piperonal  as  follows  : 


O-CH2  O-CII.  0-CH 


; 


CHO  CH-OH  CH 

CH3 


(3h, 


O-CH2  O-CHj 


cir-c 
CHy-] 


CH-OH  CII-OH 


CHjBr  CHy-NHMo 

The  constitution  of  the  base  produced  was  provml  by  its  oxidation  (0 
piperonylio  or  veratrii;  acid  ruH[M!ctively.  AlLiiough  w(!  wcm-o  unable  to 
isolate  the  dihydroxy-baHO,  indicationH  of  the  furmatiou  of  a  substance 
having  the  chemical   and   phyHiologi(;al  propin'ties  of  epinophrino  were 
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obtained  by  the  action  of  dilute  hydrochloric  acid  at  150°  on  the 
methylene  ether. 

On  attemptiDg  to  carry  out  this  synthesis  with  vanillin  and  proto- 
catechuic  aldehyde,  it  was  found  thiit  these  substances  did  not  react 
with  magne.siuni  methyl  iodide  to  give  the  required  styrene.  Conse- 
quently the  synthesis  could  not  be  conducted  on  these  lines. 

Mameli  {Gazzetta,  1904,  34,  [i],  358)  has  desci-ibed  a  dibromido 
resulting  from  the  action  of  bromine  water  on  the  styrene,  but  as  this 
was  not  identical  with  the  dibromide  isolated  by  us,  we  repeated  his 
experiments  and  found  that  the  dibromide  described  by  him  is  really  a 
bromoililiydriu,  CH,.:0^:O^H,.Hr-Ull-OH-ClI,.Br.  We  also  obtained 
this  compound  from  the  dibromide,  CH.,I02^CgH3*CHBr*CH.jBr,  by 
two  distinct  methods. 

EXPEBIMENTAL. 

a-3  :  i-Methi/leneJioxi/pheni/l-afi-dibromoet/tane, 
O-OH, 

y  ■ 

iu^Br 

This  substance  was  obtained  from  the  corresponding  styrene,  which 
was  piepared  from  piperonal  according  to  the  method  described  by 
Klages  (Be)'.,  1903,  36,  3595).  In  [order  to  eliminate  water  from 
the  secondiiry  alcohol,  it  was  found  preferable  to  convert  it  first  into 
the  chloride,  and  then  remove  the  elements  of  hydrogen  chloride  with 
pyridine. 

3 : 4-Methylenedioxystyrene  (20  grams)  was  dissolved  in  20  c.c.  of 
carbon  disulphido,  and  to  this  a  solution  of  bromine  ip  carbon  disul- 
phido  (1  gram  per  c.c.)  was  gradually  added  until  a  faint  yellow 
colour  was  produced,  the  liquid  being  kept  cool  during  the  operation. 
A.  white,  crystalline  solid  separated,  which  was  collected  and  washed 
successively  with  carbon  disulphide  and  light  petroleum.  It  was 
recrystalliscd  from  carbon  disulphide  solution  by  the  addition  of  light 
petroleum,  and  thus  obtained  in  white,  acicular  crystals  which  melted 
at  82—83^. 


01598  gave  0-1962  AgBr.     Br  =  52-2. 

Cj)Hj,0.,Br._,  requires  Br  =  51 


9  per  cent. 
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a-3  :  i-Methylenedioxyphenyl-P-hromo-a-hydroxyethane, 
6-CH„ 

.   u 

CH-OH 
CHgBr 

The  dibromide  was  converted  into  the  corresponding  bromohydrin 
by  dissolving  it  in  acetone  and  then  adding  water  to  the  acetone  solu- 
tion (compare  Auwers  and  Miller,  Ber.,  1902,  35,  114) ;  the  liquid  was 
left  overnight  and  the  acetone  removed  by  evaporation,  when  the 
residue,  together  with  the  crystals  which  had  separated,  was  extracted 
with  ether,  the  ethereal  solution  washed  with  water  and  distilled. 
The  final  residue,  which  solidified,  was  recrystallised  from  hot  dilute 
alcohol,  the  substance  being  thus  obtained  in  long,  acicular  crystals 
which  melted  at  107—108°. 

0-1758  gave  02872  COg  and  0058  HgO.     C  =  445  ;  H  =  3-7. 
01229     „     0-0923  AgBr.     Br  =  32-0. 

CgUgOgBr  Tcqulres  C  =  44-l  j  H  =  3-7  ;  Br  =  32-G  per  cent. 


/3-3  •A-Methylenedioxyphenyl-fi-hydroxyethylmethylamine, 
0-Clfo 
I 
O 


CH-OH 
CH^-NHMe 

This  substance  was  prepared  by  dissolving  4'9  grams  of  the  bromo- 
hydrin in  alcohol,  adding  10  c.c.  of  an  aqueous  solution  of  methyl- 
amine  (33  per  cent.),  and  heating  the  mixture  on  a  water-bath  in  a 
reflux  apparatus  for  an  hour.  The  alcohol  was  then  distilled  off,  the 
residue  dissolved  in  dilute  hydrochloric  acid,  and  extracted  with  ether 
to  remove  any  unchanged  bromohydrin. 

The  acid  aqueous  liquid  was  next  rendered  alkaline  with  sodium 
carbonate,  evaporated  to  dryness,  and  the  residue  extracted  with  abso- 
lute alcoliol ;  the  alcoholic  solution,  after  drying  with  potassium 
carbonate,  loft  on  evaporation  a  syrupy  residue  which  could  not  bo 
crystallised.  The  only  crystalline  salt  obtained  was  the  picrate, 
C,ylIj,,0gN,CflHaO7N.,,  whicli  was  proi)arod  by  dissolving  the  syrupy 
buKo  in  dilute  liydrochlon'c  acid  and  adding  a  small  (quantity  of  an 
wpioouH  solution  of  picric  acid.  The  liquid  was  docantcnl  from  the 
yellow  oil   which  separated,  and  un  excess  of  picric  acid  added.     The 
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crystalliae  yellow  substance,  which  slowly  separated,  was  recrystallised, 
first  from  alcohol,  and  finally  from  water,  being  thus  obtained  in 
rosettes  of  yellow,  acicular  crystals  melting  at  178°. 

01 142  gave  0-189  C0_,  and  00408  H.A     C  =  45-1 ;  H  =  4-0. 
00826     „     10-2  c.c.  nitrogen  at  22^  and  765  mm.     N-  13-7. 
CijH^OjoN^  requires  C  -  45-3  ;  H  =  3-8 ;  N  - 13-2  per  cent 

The  platiniehloride,  prepared  from  the  base  in  the  usual  way,  was 
obtained  as  a  yellow,  amorphous  powder  having  no  sliarp  melting  point ; 
tlie  base  emj>loyed  in  its  production  was  obtained  from  the  pure  picrate 
by  decomposition  with  potassium  hydroxide  and  extraction  with 
chloroform. 

00686  gave  00166  Pt.     Pt  =  242 

(Ci^H^aO^Nj^.H.PtCl^  reijuires  Pt  =  24-4  per  cent. 

When  the  base  was  oxidised  with  potassium  permanganate  at  the 
ordinary  tempei-ature  and  the  product  worked  up  in  the  usual 
way,  crystals  of  piperonylic  acid  (m.  p.  227^)  were  isolated,  thua 
proving  the  constitution  of  the  base.  An  aqueous  solution  of  the 
hydrochloride  (2  per  cent.)  has  a  very  slight  physiological  action,  002 
gram,  when  injected  into  the  jugular  vein  of  a  cat,  producing  a  very 
slight  rise  (20  mm.)  of  blood  pressure. 

A  nu;uber  of  experiments  were  made,  both  with  the  bromohydrin 
and  the  base,  in  order  to  decompose  the  ether  and  obtain  the 
corresponding  dihydroxy-derivative,  but  without  success.  When  the 
base  was  heated  with  dilute  hydrochloric  acid  at  150 — 160-'  for  6 
houi-s,  a  solution  was  obtained  which  gave  the  catechol  reaction  with 
ferric  chloride  and  sodium  carbonate,  and  in  very  dilute  solution  gave 
a  pink  coloi*ation  with  ammonia,  rapidly  turning  brown,  but  no 
crystalline  base  could  be  isolated. 

This  solution,  when  injected  into  the  jugular  vein  of  a  cat,  gave  a 
very  marked  rise  of  blood  pressure,  similar  in  some  respects  to  that 
produced  by  epinephrine,  but  the  amount  of  active  substance  present, 
if  it  was  epinephrine,  must  have  been  very  minute  (approximately 
0005  gram  from  2  grams  of  methylene  ether). 

On  boiling  the  liquid  with  alkali  and  again  testing,  it  was  found  to 
have  lost  its  physiological  action. 
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O-CHg 


3 :  A-Dimetkoxystyrene,  |        |  ^ 


CH, 

This  substance  was  prepared  in  a  similar  manner  to  the  corresponding 
piperonyl  compound  by  acting  on  methylviinillin  with  magnesium 
methyl  iodide,  and  by  withdrawing  the  elements  of  water  by  dis- 
tillation from  the  secondary  alcohol  produced.  The  crude  product 
distilled  between  135°  and  170°  under  12  mm.  pressui-e,  but  after 
several  fractionations  a  liquid  was  obtained  which  boiled  at  120 — 125° 
under  10  mm.  pressure  and  proved  on  analysis  to  be  the  styrene. 

01694  gave  0-4508  COg  and  01136  H,0.      0  =  726;  H  =  7-4. 
CioH^sOa  requires  C  =  732  ;  H  =  73  per  cent. 

The  higher  fraction  consisted  chiefly  of  methylvanillin. 

O-CHg 

/  XO'CH" 
a-3 :  Ai-Dimethoxyphenyl-a^-dihromoethane,  \        \  ^ 


CHBr 
CH2Br 

This  compound  was  prepared  by  the  addition  of  bromine  to  the  styrone 
by  using  ether  as  the  solvent  by  a  method  similar  to  that  employed  in 
the  case  of  the  corresponding  piperonyl  compound  ;  it  was  obtained  in 
white,  acicular  crystals  which  wore  purified  by  rccrystallisation  from 
benzene  solution  witli  the  addition  of  light  petroleum.  The  crystals 
melted  at  102^. 

01654  gave  0-1932  AgBr.     Br  =  49-7. 

CjQHjjOjBr^  requires  ]>r=  494  per  cent. 

The  yield  of  dibromide,  which  was  18  per  cent,  of  the  niotliyl- 
Viinillin  ouiployeij,  was  much  smaller  than  in  the  case  of  the  cor- 
roHt)onding  piperonyl  compound. 
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a-3  :  i-DimeUioxyphenyip  hromo-a-hydroxyethane, 
OCHj 

CHjBr 

This  bromohydrin  was  prepared  from  the  dibromide  by  the  action  of 
aqueous  acetone  ;  it  formed  long,  acicular  crystals,  soluble  in  alcohol, 
ether,  benzene,  or  carbon  disulphide,  but  insoluble  in  water  or  light 
petroleum  ;  it  recrystullised  most  readily  from  carbon  disulphide  and 

melted  at  68°. 


0-U67  gave  01069  AgBr.     Br  =  3l-0. 

Ci^HjaOaBr  requires  Br  =  307  per 


cent. 


The  bromohydrin  was  convei-ted  into  the  methylamino-base  by  the 
method  employed  in  the  case  of  the  piperonyl  compound,  but  the  product 
could  only  be  obtained  as  a  syrup  which  could  neither  be  crystallised 
nor  converted  into  any  crystalline  salt.  When  oxidised  with 
potassium  permanganate,  it  yielded  veratric  acid,  melting  at  179°. 

A  2  per  cent,  solution  had  a  similar  physiological  action  to  the 
corres|)onding  pij>eronyl  compound.  When  treated  with  dilute  hydro- 
chloric acid  for  6  hours  at  150 — 160%  the  resulting  liquid  gave  no 
catechol  reaction  with  feiric  chloride  ;  the  ether,  therefore,  had  not 
undergone  hydrolysis. 

Composition  of  Mameli's  Piperonyldibromide. — This  substance  was 
prepared  according  to  the  directions  given  by  Mameli  {loe.  eit.),  by  the 
action  of  bromine  water  on  the  styrene.  In  addition  to  the  compound 
described  by  him,  a  considei-able  amount  of  the  bromohydrin  (m.  p.  108°) 
was  obtained.  The  substance  was  twice  crystallised  from  benzene  and 
twice  from  alcohol ;  it  then  melted  at  158°  (Mameli  gives  160"^). 

The  same  compound  was  produced  by  treating  the  bromohydrin  with 
bromine  water  in  direct  sunlight.  The  yield  was  60  per  cent,  of  the 
theoretical. 

0U25  gave  0-1661  AgBr.     Br  =  49  6. 
01442     „     0168   AgBr.      Br  =  49-6. 

CgHjjOaBr^  requires  Br  =  49"4  per  cent. 

Mameli's  formula,  C^H^OoBr.,,  requires  Br  =  51  "9,  and  he  found 
Br  =  51  "2  per  cent.  The  results  of  the  analyses  together  with  the 
method  of  preparation,  by  directly  brominating  the  bromohydrin, 
prove  that  the  substance  described  by  Mameli  is  not  the  dibromide 
but  the  dibromohydrin.     This  compound  was  also  obtained  in  small 
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amount  by  the  action  of  phosphorus  pentachloride  on  the  dibromide 
(m.  p.  82°)  in  the  attempt  to  split  off  the  methylene  group  by  the 
method  which  Fittig  and  Remsen  used  in  the  preparation  of  proto- 
catechuic  aldehyde  from  piperonal  (Annalen,  1871,  159,  148).  The 
substance  melted  at  157 — 158°,  and  when  mixed  with  an  equal  quantity 
of  the  dibromohydrin  prepared  as  previously  described,  the  melting 
point  remained  unchanged. 

0-1355  gave  0-1681  COg  and  0-0308  H^O.     C  =  33-8 ;  H  =  2-5. 
01143     „     01306  AgBr.     Br  =  48-6. 

CgHgOgBrg  requires  C-33-3  ;  H  =  2-5  ;  Br  =  49-4  per  cent. 

The  formation  of  the  dibromohydrin  by  phosphorus  pentachloride 
is  explained  by  the  liberation  of  bromine  which  takes  place  in  the 
first  stage  of  the  reaction,  and  the  subsequent  formation  of  the 
bromohydrin  by  the  action  of  water  on  the  halogen  in  the  a-position. 

Attempts  were  made  also  to  prepare  the  styrene  by  distillation  of 
the  calcium  salts  of  the  corresponding  methylenedioxycinnamic  acid 
(compare  Tiemann  and  Will,  Ber.,  1881,  14,  967).  The  product 
obtained  was  undoubtedly  the  styrene,  as  the  dibromide  was  isolated,  but 
the  yield  was  so  small  (3  per  cent.)  that  this  method  of  preparation 
had  to  be  abandoned. 

The  necessary  physiological  experiments  in  connection  with  this 
inquiry  were  performed  by  Dr.  H.  H.  Dale,  to  whom  we  wish  to 
tender  our  best  thanks. 

The  Wellcome  Chemical  The  Wellcome  Physiological 

Rkskahch  Labokatorieh,  Research  Laboratories, 

LoNDOx,  E.G.  Herne  Hill,  S.E. 


CJll. — Our   Present   Knowledge    of   the    Chemistry    of 

Indiyo. 

By  William  Popplewell  Bloxam. 

The  production  of  plant  indigo  being  an  industry  of  special  import- 
ance in  Bengal,  tho  (Jovernment  of  this  i)rovince  has,  for  some  years 
past,  granted  suins  of  money  to  onahlo  scientific  investigations  to  bo 
carried  on,  with  a  view  to  effecting  iinj)rovomonts  in  the  cultivation 
and  manufactnro  of  thin  colouring  matter ;  and  the  author  was,  in 
1902,  appointed  to  carry  out  oxperiinonts  at  tho  Dalsingh  Serai 
BeMarch  Station  with  tho  co-oporation  of  a  biologist  and  an  assistant 
chemist. 
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The  results  of  these  experiments  have  lately  been  printed  by  the 
Government  of  Bengal  and  issued  as  an  official  publication.* 

In  this  report  is  set  forth  a  sketch  of  the  difficulties  under  which 
the  cultivation  and  manufacture  of  plant  indigo  labour  at  present, 
together  with  suggestions  as  to  the  ways  in  which  these  difficulties 
may  be  removed.  In  the  present  paper  the  author  excludes  the  ti'eat- 
ment  from  the  economic  side  and  deals  with  the  chemistry  only. 

Preliminary  ExperimenU. 

These  experiments  showed  that  it  was  altogether  erroneous  to 
regard  as  pure  indigotin  the  various  blue  precipitates  which  can  be 
obtained  from  aqueous  extract*  of  the  indigo  plant.  It  was  found 
that  the  precipitates  obtained  from  aqueous  extracts — (a)  on  oxidation 
in  air,  (6)  on  aerial  oxidation  in  presence  of  ammonia,  (e)  on  precipita- 
tion by  chemical  reagents — were  in  all  cases  greatly  contaminated  by 
admixture  with  other  constituents  derived  from  the  plant.  This  fact 
is  established  by  estimation  of  the  nitrogen  in  the  product^  which  in 
no  case  showed  the  numbers  required  for  indigotin  (N  =  1068  per  cent.). 
It  is  suggested  that  indigotin,  acting  as  a  base,  forms  a  series  of 
lakes,  from  which  the  matter  other  than  indigotin  can  only  be 
removed  with  the  greatest  difficulty,  in  the  wet  way,  by  treatment 
with  a  series  of  solvents  capable  of  extracting  the  foreign  matter 
(see  p.  980).  The  failure  to  recognise  this  property  of  indigotin 
accounts  for  the  divergent  yields  attributed  to  the  indigo  plant  itself 
and  to  the  products  obtained  at  the  various  stages  of  manufacture. 
For  in  all  cases  the  earlier  investigators  have  either  (a)  weighed  the 
dried  precipitiite,  assuming  it  to  be  pui-e  indigotin,  or  (ft)  they  have 
sulphonated  the  impure  material,  and  have  analysed  the  product  by 
one  or  other  of  the  current  methods.  Finding,  therefore,  that  even 
with  ready  access  to  the  fresh  green  plant  it  was  not  jwssible  to 
prepare  pure  indigotin  by  precipitation  in  the  wet  way,  the  precautions 
taken  by  previous  workers  to  obtain  pure  indigotin  for  use  as  a 
standard  in  establishing  their  analytical  methods  were  subjected  to  a 
critical  examination. 

*  "Au  Account  of  the  licbt-areli  Work,  lu  iudigu.  '  Carried  out  at  Dalsingh 
Serai  Research  Station  {icrukr  subsidy  of  the  Government  of  B»ngal)  from  1903  to 
March  1904.  By  "W.  Popplewell  Bloxara,  B.Sc.  (Lond.),  F.C.S.,  F.I.C.,  Research 
Chemist,  H.  M.  Leake,  M.A.  (Cantab.),  F.L.S.,  Biologist,  with  the  assistance  of 
R.  S.  Finlow,  B.Sc,  F.C.S.,  Assistant  Chemist.  (Calcutta:  The  Bengal  Secretariat 
Book  Depot.     1905.) 
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Purification  of  Crude  Indigo. 

The  methods  employed  for  the  purification  of  crude  indigo  may  be 
subdivided,  broadly,  into  four  classes  :  * 

(a)  The  treatment  of  crude  cake  indigo,  or  the  synthetical  product, 
with  a  series  of  solvents. 

{h)  The  reduction  of  cake  indigo,  or  the  synthetical  product,  in 
alkaline  solution  ;  reoxidation,  separation,  and  purification. 

(c)  Purification  by  sublimation. 

{d)  Purification  by  the  use  of  volatile  solvents. 

Experience  of  wet  methods  «,  h,  and  d  shows  that  either  the  product 
obtained  is  not  pure,  or  the  yield  is  so  small  and  the  process  so 
tedious  that  the  production  of  even  a  few  grams  of  the  material  is  a 
practically  impossible  task. 

In  no  case,  also,  does  it  appear  that  any  crucial  test  was  made  of  the 
purity  of  the  final  product  obtained  by  these  various  methods.  As 
stated  previously  (p.  975),  the  present  author  relies,  at  this  stage,  on 
the  estimation  of  the  nitrogen  as  the  only  test  of  purity. 

Being  dissatisfied  with  the  methods  previously  recommended  for  the 
purification  of  crude  indigo,  the  author  spent  some  months  in  an  unsuc- 
cessful search  for  a  solvent,  or  mixture  of  solvents,  which  would  dissolve 
indigotin  selectively,  to  the  exclusion  of  adherent  foreign  matters. 

At  this  juncture,  early  in  1903,  an  abstract  appeared  (Abstr.,  1903, 
i,  173)  of  a  paper  by  A,  Binz  and  A.  Kufferath,  entitled  "Salts  of 
Indigotin"  {Annalen,  1902,  325,  196),  and  on  obtaining  the  full  text 
of  this  paper  it  was  scon  that  these  authors  had  considerably  extended 
our  knowledge  of  the  conditions  of  solution  and  of  salt  formation  of 
indigotin. 

In   this   paper,    the   following   salts   of  indigotin  are  desciibed : — 
indigotin    hydrochloride,    CjoHjoOgNg.IICl ;    indigotin   hydrobromido, 
Ci^HjoOjNg.HBr  j   indigotin   platinichlorido,   CifllljoOoNjjPtCl^ ;    indi- 
gotin monosulphate,  CmHjoOjNg.HjSO^ ;  indigotin  disulphate, 
OiflHio03Nj,2H2S04. 

These  authors  indicate  that  the  monosulphate,  being  easily  obtained 
and  beautifully  crystalline,  should  bo  employed  in  the  purification  of 
indigo,  instead  of  the  troublesome  rccrystallisation  from  glacial  acetic 
ucid  or  phthalic  anhydride. 

•  A  (letdilud  account  of  the  methods  of  analysis,  together  with  a  li.st  of  luilliois, 
will  h(!  found  in  Knocht,  Hiiwson,  and  Lowcnthal's  Manual  of  Dijciruj  (Oriflin  : 
I/<indori),  of  which  a  new  edition  will  shortly  hv  issued. 
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The  Preparation  of  Indigotin  Monosulphate. 

Binz  and  Kufforath's  statement  (loe.  cit.)  that  indigo,  when  treated 
with  a  mixture  of  five  volumes  of  glacial  acetic  acid  and  one  of  con- 
centrated sulphuric  acid,  underwent  no  sulphonation  even  on  the  water- 
bath*  was  verified  by  the  author,  who  then  attempted  the  preparation 
of  indigotin  monosulphate. 

Two  specimens  of  indigotin  were  available  for  the  purpose  of  the 
exixjriment,  the  first  being  the  "B.A.S.F.  Indigo  pure,"  which  is 
stated  ("  Chemistry  of  Pure  Indigo,"  Badische  Anilin-  und  Soda- 
Fabrik  Brochure,  1900)  to  contain  exactly  98  percent,  of  indigotin. 

The  second  specimen,  which  was  purchased  in  Germany,  was  marked 
"  100  per  cent.  Indigotin."  For  convenience,  this  sample  will  be 
designated  "  Indigotin  by  purchase." 

Tlie  nitrogen  value  of  each  of  these  specimens  of  indigotin  was 
determined  by  Kjeldahl's  process,  and  the  following  results  were 
obtained. 

1.  "  B.A.S.F.  Indigo  pure." — The  mean  of  four  estimations  showed 
N-  982  (as  against  N  =  1068  per  cent,  contained  in  pure  indigotin). 
This  nitrogen  value,  calculated  to  indigotin  (factor  ==  9-357),  showed  the 
true  percentage  of  indigotin  to  bo  91  88  instead  of  98.  as  .stateil 
above.t 

2.  ''Indigotin  by  purchase." — In  this  case,  the  mean  of  four  estima- 
tions gave  N  =  971.  This  nitrogen  value,  calculated  to  indigotin,  indi- 
cated that  the  true  percentage  of  indigotin  was  90*85. 

The  specimen  of  "  B.A.S.F.  Indigo  pure,"  which  in  reality  contiiined 
only  91 '88  percent,  of  indigotin,  was  now  treated  with  acetic-sulphuric 
acid  (5:1  by  volume),  as  recommended  by  Binz  and  Kufferath,  and  to 
the  solution,  after  filtration,  was  gradually  added  an  excess  of  ether. 
When  left  for  one  day,  a  fine  crop  of  acicular  crystals  was  obtained  ; 
these,  which  were  collected  and  washed  with  ether  until  the  washings 
showed  only  sliglit  acidity,  were  then  dried  in  a  desiccator  over 
Milphuric  acid. 

These  crystals  were  found  to  be  dissociated  by  water  into  sulphuric 
acid  and  indigotin,  as  stated  by  Binz  and  Kufferath.     On  dissociating 

*  Binz  and  Kufferath  found,  after  completing  their  work,  that  the  following 
statement  occurred  in  Kueclit,  Rawson,  and  Lowenthal's  Manual  of  Dyeing 
(London  1893.  Vol.  1.  p.  327): — '"Glacial  acetic  acid,  containing  a  few  drops  of 
H2SO4,  dissolves  indigotin  with  a  deep  blue  colour,  and,  on  dilution  with  water, 
reprecipitates  it  unaltered."  G.  Watt,  in  his  Pamphlet  on  Indigo,  seems  to  give 
an  earlier  reference  to  the  same  observation  originally  attributed  to  Crookes. 

t  The  accuracy  of  this  lesult  is  confirmed  by  a  statement,  published  later,  by 
Mcihlau  and  Zimmermann  {Zeit.  Farb.  Text.  Chem.,  1903,  10,  189),  in  which  they 
state  that  synthetical  indigo  contains  3 — 10  per  cent,  of  a  red  dye-stuff. 
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a  weighed  portion  of  the  crystals  by  boiling  with  water,  washing 
the  residue  until  free  from  acid,  and  titrating  the  filtrate  and  washings 
with  standard  alkali,  the  sulphuric  acid  found  in  two  experiments 
was  2 3 "9 7  and  2 3 "71  per  cent,  respectively.  Now,  indigotin  mono- 
sulphate,  CjgH^oOjNg.H^SO^,  requires  H2S04  =  27-22  per  cent.  The 
residues,  after  dissociation  and  washing  free  from  acid,  were 
ignited  with  sodium  carbonate  and  shown  to  be  free  from  sulphuric 
acid.  These  values,  although  not  so  good  as  those  obtained  by  Binz  and 
Kufferath  (H2S04  =  27-00— 28-02  per  cent.),  raised  no  doubt  that  the 
salt  obtained  was  the  monosulphate.  The  deficiency  in  sulphuric  acid 
was  attributed  to  two  causes  : 

(a)  The  ether  used  was  not  dry,  and  hence  a  slight  hydrolysis  of  the 
crystals  took  place  during  the  washing  with  this  solvent,  so  that  the 
final  product  contained  free  indigotin. 

(b)  The  possibility  of  the  red  impurity  present  in  the  *'  B.A.S.F. 
Indigo  pure"  (see  foot-note,  p.  980)  passing  into  solution  in  the  acetic- 
sulphuric  acid,  and  being  precipitated  with  the  crystals  of  monosulphate 
on  the  addition  of  ether. 

It  should  be  noted  that  Binz  and  Kufferath  (loc.  cit.)  were  more 
fortunate  in  being  able  to  use,  as  the  source  of  the  monosulphate,  a 
purified  indigo  powder  supplied  to  them  by  the  Badischo  Anilin-  und 
Soda-Fabrik,  which  from  their  data  contained  99-8  per  cent,  indigotin. 

It  now  seemed  clear  that,  if  the  acetic-sulphuric  mixture  were 
effectual  in  separating  indigotin  from  its  adherent  impurities,  it  must 
fulfil  the  following  conditions  : 

(a)  Crude  indigo  must  yield,  when  repeatedly  subjected  to  solution 
in  acetic-sulphuric  acid,  filtration,  and  hydrolysis  by  water,  a  residue  of 
constant  weight. 

{h)  This  residue  must  yield  10-68  per  cent,  of  nitrogen  by  Kjeldahl's 
method,  this  being  the  percentage  of  nitrogen  in  pure  indigotin. 

Experiments  were  now  made  to  test  these  conditions,  employing  the 
two  Hpocimous  "  B.A.S.F.  Indigo  pure"  (containing  91-88  per  cent,  of 
indigotin)  and  "  Indigotin  by  purchase  "  (containing  90-85  per  cent. 
of  indigotin).  The  results  showed  that  condition  («)  was  fulfilled,  for, 
after  repeating  four  times  the  operations  of  dissolving  and  hydrolysing, 
the  residue  was  of  constant  weight. 

'J'he  nitrogen  values  of  the  residues,  however,  were  lower  than  that 
of  indigotin,  showing  that  these  residues  still  contained  some  adherent 
impurity. 

This  impurity,  which  was  soluble  in  acetic-sulphuric  acid,  was 
precipitated  with  the  indigotin  on  hydrolysis  by  water,  and  presumably 
did  not  contain  tiitrogon. 
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TIte  Red  Colouring  Matter  (or  JIatters)  of  Plani  Indigo. 

Seeing  that  Binz  and  Kufferath's  acetic-sulphuric  acid  methoti 
failed  to  purify  the  two  samples  of  synthetical  indigo,  and  that  the 
failure  seemed  to  be  due  to  the  presence  of  a  red  colouring  matter  iu 
these  specimens,  and  since,  moreover,  in  plant  indigo  a  red  substance 
was  also  present  which  was  held  to  be  indirubin,  it  was  determined 
to  attempt  the  separation  of  the  red  matter  from  both  plant  and 
synthetical  indigo,  and  to  ascertain  its  nature  and  properties. 

All  authorities  are  agreed  that  indirubin  (or  indigo-red)  is  a 
constituent  of  ordinary  plant  indigo.  Rawson  {loc.  eit.)  gives 
directions  for  its  extr^'tion  and  some  account  of  its  properties.  This 
method  was  adopted  by  the  author  for  the  treatment  of  cake  indigo, 
with  the  exception  that,  after  treatment  with  dilute  hydrochloric  acid, 
absolute  methyl  alcohol  was  employed  instead  of  ordinary  alcohol,  the 
former  being  a  better  solvent  for  the  red  matter. 

Accordingly  some  200  grams  of  powdered  Bengal  cake  indigo  were 
extracted  repeatedly  with  dilute  hydrochloric  acid  (concentration  1  : 3) 
until  the  tiltrnte  was  only  slightly  brownish-i-ed  in  colour.  The 
residue  was  well  washed  with  water  and  a  considerable  portion  of 
the  dry  residue  was  then  extracted  in  a  Soxhlet's  apparatus  with 
absolute  methyl  alcohol,  until  the  alcoholic  extract  showe<l  that  the  blue 
colouring  matter  was  beginning  to  pass  into  solution.  The  extraction 
was  now  discontinued  and  the  main  extract  concentrated  in  a  vacuum, 
one  {>ortion  over  solid  caustic  soda  and  the  other  over  concentrated 
sulphuric  acid.  In  both  cases,  a  crystalline  substance  was  deposited, 
which  redissolved  completely  in  methyl  alcohol  to  a  brilliant  ruby-red 
solution. 

Hesults  of  Tests  applied  to  the  Crystalline  Residue. 

(a)  The  solid,  when  treated  with  strong  sulphuric  acid,  evolved  some 
hydrogen  chloride,  but  it  could  not  be  ascertained  whether  this  was 
present  as  an  integral  constituent,  or  whether,  as  is  more  probable, 
the  chloride  was  due  to  imperfect  washing. 

{h)  The  material  contains  no  nitrogen,  for  negative  results  were 
obtained  with  the  sodium  test  and  also  on  ignition  with  soda-lime. 

(c)  Destructive  distillation  gave  a  heavy  oily  liquid  distilling  just  in 
front  of  the  flame,  this  distillate  being  faintly  acid  to  litmus. 

{d)  The  material  is  easily  soluble  in  methyl,  ethyl,  and  amyl 
alcohols  and  in  chloroform,  benzene,  and  toluene ;  it  is  insoluble  iu 
water,  but  is  soluble  in  acetic-sulphuric  acid  (5:1),  from  which  it  is 
again  deposited  on  dilution  with  water. 

(e)  It  does  not  give  a  tannin  reaction  with  ferric  chloride,  neither 
does  it  reduce  Fehling's  solution. 
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(/)  It  gives  the  fluorescein  reaction  which  is  said  to  be  character- 
istic of  phthalic  anhydride  and  other  anhydrides  of  dicarboxylic  acids, 
as,  for  example,  succinic  anhydride. 

The  specimens  of  the  synthetical  product,  ''B.A.S.F.  Indigo  pure" 
and  "  Indigotin  by  purchase,"  were  now  similarly  treated,  and  were 
found  to  yield  a  red  colouring  matter  (or  matters)  which  behaved 
towards  reagents  similarly  to  the  product  obtained  from  ordinary 
plant  indigo. 

From  the  foregoing  experiments,  it  seems  clear  that  there  is  a  red 
colouring  matter,  (or  matters)  common  to  both  plant  and  synthetical 
indigo  and  that  this  red  substance  is  not  indirubin,  for  it  contains  no 
nitrogen. 

The  author  hopes  to  be  able  in  the  future  to  ascertain  the  nature 
of  this  red  substance.  There  seems  at  present  to  be  no  doubt  as  to  the 
existence  of  indirubin,  on  the  authority  of  Baeyer  and  other  investiga- 
tors ;  but  apparently,  through  lack  of  careful  examination  of  the  red 
colouring  matter  occurring  in  synthetical  and  plant  indigoes,  the 
latter  has  been  mistaken  for  indirubin  by  Hawson  and  others. 

The  author  maintains  that  great  importance  attaches  to  the  elucida- 
tion of  the  nature  and  function  of  the  **  red  "  in  indigo  manufacture 
both  from  the  chemical  and  economic  points  of  view  (compare  Report 
to  the  Government  of  Bengal,  p.  21). 

Explanation  of  the  Failure  of  the  Acetic-sulphuric  Acid  Method  to 
yield  Pure  Indiyotin. 

The  foregoing  experiment  demonstrates  that  the  acetic-sulphuric 
acid  dissolves  not  only  indigotin,  but  also  the  non-nitrogenous  red 
matter,  which,  on  hydrolysis  of  the  solution  thus  obtained,  is  precipi- 
tated together  with  the  indigotin. 

Thus  a  point  is  reached,  after  several  solutions  in  the  mixed  acids 
and  hydrolysis  by  water,  when  the  precipitate  maintains  a  constant 
weight  and  a  constant  degree  of  impurity.  In  consequence,  Binz  and 
KufEorath's  method  was  abandoned,*  and  the  following  modification 
of  the  process  was  attempted. 

Attempts  to  prepare  Pure  Lndigotin  from  Ordinary  Plant  Indigo  hy 
Successive  Extraction  with  Methyl  Alcohol  and  Acetic-sulphuric 
Acid. 

The  author  determined  first  of  all  to  extract  the  "  red  "  completely 
with  absoluto  metliyl  alcoliol,  and  then  to  apply  to  the  residue  the 

•  Mbhlftu  and  Ziinnicimann  {Zrit.  Farh.  Tn-i.  Cfum.,  1903,  10,  189)  Htuto  that 
thoy  can  obtain  pure  indigotin  by  a  modification  of  Binz  and  Kufferatli's  process,  but 
they  givo  no  nitrn^on  valucH  for  tliuir  product. 
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acetic-sulphuric  acid  method.  Preliminary  experiment  showed  that 
methyl  alcohol  dissolved  the  "  red  "  without  extracting  the  indigotin. 
For  this  experiment,  some  purified  plant  indigo  was  available, 
which  had  been  standardised  by  liawson  and  pronounced  to  contjiin 
94"8  per  cent,  of  indigotin. 

Two  estimations  of  nitrogen  by  Kjeldahl's  process  yielded  N  =  9*97 
and  1001,  these  values  corresponding  respectively  with  93*2y  and 
93  66  per  cent,  of  indigotin,  or  a  mean  value  of  93*47. 

Duplicate  portions  of  the  same  specimen  were  now  extracted  until 
the  red  colouring  matter  was  completely  removed  with  methyl  alcohol. 
The  residues  thus  obtained  were  dried  and  then  dissolved  in  hot  acetic- 
sulphuric  acid  ;  the  solutions  were  tlltered  through  asbestos,  and  the 
filter  washed  free  from  blue  with  hot  acetic-sulphuric  acid.  The  clear 
filtrates  aiid  washings  were  poured  in  a  thin  stream  into  six  tim-  -^ 
their  volume  of  boiling  water  and  thus  hydrolysed.  The  precipitin >- 
were  collected  on  tared  filters  and  washed  until  free  from  acid. 
Drying  was  effected,  first  in  the  water-oven  and  finally  at  105*^,  until 
the  weight  was  constant.  Only  one  solution  in  acetic-sulphuric  acid 
and  subsequent  hydrolysis  was  made  in  each  case,  for  the  filtrate  obtained 
after  hydrolysis  was  practically  colourless. 

The  results  of  the  analyses  are  stated  in  apparent  percentages  of 
pure  indigotin  in  the  residues,  (a)  after  one  extraction  with  methyl 
alcohol,  (6)  after  one  extraction  with  acetic-sulphuric  acid  (5:1). 

I.  II.  Mean. 

(a) 95-44         95-81         95-63 

(b) 9356         9305         93-31 

Grouping  together  the  I'esults  of  analyses  of  the  same  specimen  of 
indigo  obtained  by  different  methods,  one  obtains  the  following  data  : 

Percentage  value 
Method.  of  indigotin. 

(1)  Rawson's  (not  indicated)    948 

(2)  Based  on  estimation  of  nitrogen  (Kjeldahl) 9347 

(3)  By  successive  extraction  with  methyl  alcohol  and 

acetic-sulphuric  acid  (5:1) 93*31 

The  concordance  between  the  results  obtained  by  methods  (2)  and 
(3)  seems  all  that  could  be  desired,  and  afforded  hope  that  here  was 
available  both  a  process  for  the  purification  of  crude  indigo  and  a 
method  of  analysis. 

Analyses  were  next  made  of  two  specimens  of  ordinary  Bengal  cake 
indigo,  employing  successive  extraction  with  acetic-sulphuric  acid 
(5:1)  and  methyl  alcohol.  As  the  specimens  contained  presumably 
70  per  cent,  or  less  of  indigotin,  solution  in    the  mixed   acids   and 
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hydrolysis  by  water  were  performed   twice,  and  the  loss  in  weight 
determined  at  each  stage. 

In  each  case,  the  analyses  were  made  in  duplicate,  and  the  moisture 
and  ash  were  estimated. 


Results  of  Analysis.     No.  I. 

Percentage  results. 
(«)  (&) 

Moisture  (at  110°) 4-33  4-33 

Ash 2-26  2-26 

Percentages  recovered. 

After  1st  extraction  with  acetic-sulphuric  acid  ...  77*76  78-34 

„      2nd        „  „         „  „  „  74-92  75-34 

After  extraction  with  methyl  alcohol 70-34  69-34 

Indigotin  [?]  by  direct  weighing  after  extraction  70-34  69-34 

True  percentage  of  indigotin  present  (as  calcu- 
lated from  the  nitrogen  value)  63-69 

To  test  the  purity  of  these  pi-oducts,  («)  and  (h),  after  the  foregoing 
extraction,  they  were  intimately  mixed  and  nitrogen  estimations  made 
by  Kjeldahl's  method,  but  the  mean  result  obtained  was  N  =  9-74  per 
cent,  as  against  the  value  10-68  per  cent,  required  for  pvire  indigotin. 
Calculating  the  nitrogen  value  found  to  indigotin,  shows  that 
the  residues  which,  by  direct  weighing,  indicated  70  34  and 
69-34  per  cent,  of  indigotin  had  in  reality  a  mean  value  of  only 
63-69  per  cent.,  so  that,  even  after  the  prolonged  process  of  extraction 
with  acetic-sulphuric  acid  and  methyl  alcohol,  a  weighing  of  the  final 
produ(;t  on  the  assumption  that  it  is  pure  indigotin  involves  an  error 
of  -f  6-15  per  cent,  of  the  true  indigotin  value  as  indicated  by  the 
estimation  of  the  nitrogen  by  Kjeldahl's  process. 

Tlie  conclusion  arrived  at  is,  that  although  tlxis  method  succeeds  in 
the  case  of  Rawson'a  standard,  whore  the  initial  percentage  of  indigotin 
is  over  90,  yet  in  the  case  of  ordinary  cake  indigo  (containing  70  per 
cent,  of  indigotin  and  less)  the  prolonged  series  of  extractions  shown 
to  bo  necessary  is  such  as  to  render  tho  process  too  tedious  for  the 
preparation  of  pure  indigotin. 


The  Preparation  of  Pure  Indigotin  by  Sublimation. 

It  lias  not  l)f>on  found  possible  to  obtain  pure  indigotin  by  the 
Bubliination  of  crude  indigo  in  vohsoIh  open  to  tho  air.  Various  forms 
of  apparatuH  wore  employed  and  tho  access  of  heat  carefully  reguhvted, 
but  in  nil  caHOH    impure  products  were  obtained,  the  sublimate  con- 
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taining  free  carbon  and  products  of  destructive  distillation.  Watts' 
Dictionary,  Vol.  3,  p.  253,  contains  tlxe  following  statement  with 
regard  to  indigo  :  "  In  open  vessels  it  volatilises  at  about  288*^  in 
dark  purple  red  vajwurs."  This  is  incorrect,  for  no  purple  vapours 
could  be  obtained  on  heating  to  the  upper  limit  of  the  thermometers 
available  (400°).  Heating  under  diminished  pressure,  however, 
yielded  a  Kublimate  of  pure  indigotin  in  any  desired  quantity. 

The  crude  indigo  (dry  and  finely  powdered)  was  placed  in  a  long- 
necko«l  Jena  iiask  such  as  is  used  for  digestion  with  acid  in  Kjeldahl's 
process,  and  this  flask,  which  was  imbedde<l  in  a  protective  metal  vessel 
containing  magnesia,  was  connected  with  a  water-pump,  a  catch  bottle 
l)eing  inserted  between  the  flask  and  the  pump.  The  pressure  being  re- 
duced to  about  100  mm.,  heat  was  applied,  and  at  a  red  heat  (600 — 800") 
Hublimalion  took  place  at  less  than  an  inch  from  the  top  of  the  crude 
indigo.  The  sublimate  pi-oved  to  be  a  beautifully  crystalline  powder, 
with  a  dark  purple  lusti'e,  the  powdered  substance  appearing  almost 
black  ;  no  trace  of  impurity  could  be  detected,  a  result  which  seemeil  to 
indicate  that,  before  attaining  the  high  temperature  necessary  for  the 
sublimation  of  indigotin,  the  impurities  originally  present  had,  under 
the  diminished  j)ressure,  jjassed  off  as  gases,  leaving  the  indigotin 
pure.  The  sublimed  indigotin  yielded  the  following  results  on 
analysis. 

(1)  Estimation  of  Nitrogen  by  Kjddald's  Method. 

Two  nitrogen  estimations  gave  N=  10"58  and  10*52  per  cent,  (mean 
value  10-55),  as  against  10"68  percent,  recjuired  by  pure  indigotin.  On 
calculating  the  mean  to  indigotin  a  i>ercentage  value  of  98*71  is  deduced. 
These  are  the  highest  values  for  nitrogen  obtained  by  the  author 
from  any  specimen  of  indigotin,  and,  possibly  with  more  attention  to 
t'xjxnimental  details,  the  theoretical  number  might  be  obtained.  This 
result  affords  also  satisfactory  evidenc-e  that  Kjeldahl's  method  is 
applicable  to  the  estimation  of  nitrogen  in  substances  of  the  nature  of 
indigotin. 

(2)  Analysis  by  Extraction  with  Acetic-sulphuric  Add. 

Grams. 
Weight  of  dry  indigotin  taken  =    1*0547. 
„         „     „  „   recovered  =    1*0540. 

This  result  indicates  that  of  the  indigotin  originally  taken  9993  per 
cent,  was  recovered  after  solution  in  acetic-sulphuric  acid  (5:1), 
filtration,  and  subsequent  hydrolysis  of  the  indigotin  monosulphate. 

By  this  sublimation  method,  pure  indigotin  can  therefore  be  prepared 
rapidly  and  in  quantity  from  crude  indigo.     At  present  the  yield  from 


984  BLOXAM:   OUR   PRESENT   KNOWLEDGE   OF   THE 

this  operation  is  not  known,  but  it  seems  possible  that  it  may  be 
sufficiently  high  to  justify  the  process  being  worked  on  a  commercial 
scale.  The  object  here,  however,  was  to  obtain  pure  indigotin  to  serve 
as  a  control  for  the  many  processes  proposed  for  the  analysis  of 
indigo,  over  which  any  rigid  check  was  hitherto  impossible  in  the 
absence  of  pure  indigotin  to  serve  as  standard.  Owing,  however,  to 
the  termination  of  the  period  of  the  author's  engagement  in  India, 
attention  could  only  be  paid  to  one  well-known  method  of  analysis, 
namely,  that  based  on  the  oxidation  by  potassium  permanganate. 

The  EsLimaiion  of  Indigotin  by  Potassium  Permanganate. 

This  method  has  been  employed  in  India  almost  exclusively,  the 
rapidity  of  the  process  constituting  its  great  attraction,  but  the  most 
astonishingly  widely  divergent  results  have  been  obtained  and  published 
by  investigators  using  it.  The  writer  was,  however,  unable  to  obtain 
any  concordant  results  when  making  analyses  of  ordinary  cake  indigo, 
or  even  when  employing  specimens  of  indigo  of  comparative  purity, 
such  as  "B.A.S.F.  Indigo  pure"  (91'88  per  cent,  indigotin)  and 
"  Indigotin  by  purchase  "  (90"85  per  cent,  indigotin).  The  difficulty 
was,  in  all  cases,  due  to  the  impossibility  of  detecting  the  exact  end- 
point. 

J'ull  directions  for  sulphonation  and  analysis  are  given  by  Knecht, 
Raweon,  and  Lowenthal  {loc.  cit.),  the  fundamental  equation  suggested 
by  these  authors  being  as  follows  : 

DCioHgOjN.XHSOa).^  +  4KMDO4  +  GH.SO^  = 

5Ci„Hs04N2(  HSO3).  +  2K2SO.J  +  4MnS04  +  GHjO. 

Consequently  "316  parts  of  potassium  permanganate  are  equivalent  to 
G55  partsof  indigotin,"  but  it  is  stated  that  with  a  weaker  solution  of  indi- 
gotin a  smaller  amount  of  permanganate  is  consumed  than  is  indicated  by 
the  foregoing  equation.  In  the  directions  *  given  by  Kawson  occurs  the 
following  statement :  "  each  c.c.  of  iVySO  permanganate  [0632  gram  per 
litre]  corresponds  to  0001 5  of  indigotin."  As  a  comment  on  those  direc- 
tions, it  may  be  observed,  of  liawson's  statement,  that  "  in  a  strong 

,   ..         c  •   J-     i-    ».  41         1  i-  indigotin  655        2072  . 

solution  of  indigotin     the  relation  "  =,,--=  -—-is 

permanganate        0I6  TO 

found  to  hold  good ;  whilst  in  tho  dilute  solution,  another  relation, 

indigotin  1500        2*373     .      ,   .    ,  ■        -  t.      r*.  +1 

—      .  ^  «  _ ,  18  stated  to  exist.     It  seems,  there- 

I)ernuinganatu         032  10 

•  "O'B  gram  of  indigotin  sulphonated  by  troJitment  with  20  c.c.  concentrated 
Nulpliuric  ftcid,  (liluto  with  water,  make  up  to  ftOO  c.c.  and  lUter  if  nccossiuy.  Of 
tliJH  Hohition  take  25  c.c.  or  60  c,c.  in  u  porceliiin  (HhIi  to  wliicli  uro  added  2C0  c.c. 
of  pure  wiilirr. " 
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fore,  doubtful  whether  the  oxidising  power  of  permanganate  should 
prove  to  be  so  much  greater  in  a  weaker  solution.  To  test  theso 
statements,  a  solution  of  the  sulphiudigotic  acid  was  made  from  the 
author's  pure  sublimed  indigotin,  and  its  analysis  effected  exactly 
according  to  Rawson's  conditions.  No  impurities  being  present,  the 
eud  reaction  should  be  sharp  and  ojisily  detected  (as  claimed  by  Rawson, 
loc.  cit.),  and  50  c.c.  of  the  pure  sulphindigotic  acid  (=» 005  gram 
indigotin)  should  require  33*3  c.c.  of  iV/50  solution  of  permanganate. 

It  was  found,  however,  that  no  definite  end  reaction  could  be  obtained 
relying  on  the  eye  alone,  even  when  the  titration  limit  had  l>een 
exceeded  by  the  addition  of  50  c.c.  of  permanganate  solution,  and  when 
the  distinctly  red  liquid  was  left  in  the  porcelain  dish  the  colour  due 
to  permanganate  soon  disapi>eared,  leaving  a  pure  yellow  solution.  To 
obtain  definite  evidence  of  the  continued  reaction  of  the  permanganate 
and  sulphindigotic  acid  beyond  the  limits  given  by  Rawson,  the  follow- 
ing experiment  was  carried  out.  A  solution  of  potassium  iodide  was 
acidified  with  sulphuric  acid  of  the  sti-ength  used  in  Rawson's  method 
of  titration.  This  solution  did  not  liberate  iodine  after  standing  in 
air,  for  it  remained  colourless  even  on  the  addition  of  starch  solution. 
Hut  this  acidified  solution  of  potassium  iodide  and  starch  was  found 
to  be  sensitive  to  the  addition  of  a  few  drops  of  a  potassium  permangan- 
ate solution,  so  dilute  as  to  be  almost  colourless.  With  the  aid  of  this 
iodide  solution  in  detecting  excess  of  permanganate,  it  was  proved  that 
although,  to  separate  j)ortion3  of  the  sulphindigotic  acid,  solution  xV/50 
permanganate  was  added  until  the  liquid  was  distinctly  red,  the 
amount  being  far  in  excess  of  Rawson's  limit,  yet  the  solutions,  after  a 
few  minutes'  standing,  gave  no  indication  of  the  presence  of  excess  of 
permanganate,  whilst  their  colour  had  reverted  to  pure  yellow.  Thus 
the  failure  to  detect,  by  the  eye,  a  definite  termination  of  the  reaction 
was  explained.  The  futility  of  this  process  was  revealed  by  another 
mode  of  experiment. 

A  solution  of  sulphindigotic  acid  was  made  from  pure  indigotin 
(obtained  by  sublimation,  see  p.  983),  observing  Rawson's  conditions  of 
concentration  (see  p.  984). 

Three  portions,  of  50  c.c.  each,  of  this  solution  (  =  0*05  gram 
indigotin)  were  added  to  an  excess  of  ^750  potassium  permanganate 
solution,  150  c.c.  being  employed  in  each  case,  and  to  each  was 
then  added  250  c.c.  of  a  2  per  cent,  solution  of  pure  sulphuric 
acid. 

In  each  of  these  solutions,  after  1,  15,  and  30  minutes  respectively, 
the  excess  of  potassium  permanganate  was  estimated  by  the  liberation 
of  iodine  from  potassium  iodide  and  its  titration  by  sodium  thio- 
sulphate  with  starch  as  indicator. 

The  results  obtained  were  as  follows  : 
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(a)  50  c.c.  soln.  Sulphindigotic  acid  =  61-27  c.c.  iV^/50  KMnO^, 
after  1  minute. 

(b)  50  c.c.  soln.  Sulphindigotic  acid  =  82-77  c.c.  iV/50  KMnO^, 
after  15  minutes. 

(c)  50  c.c.  soln.  Sulphindigotic  acid  =  98-42  c.c.  iV750  KMnO^, 
after  30  minutes. 

Hence,  although  the  indigotin  value  was  the  same  in  each  experi- 
ment (50  c.c.  =0-05  gram  indigotin),  the  amount  of  permanganate  con- 
sumed increases  with  the  duration  of  the  experiment.  Now  if 
Jlawson's  value  for  the  permanganate  solution  at  the  concentration 
prescribed  by  him  be  accepted  as  correct  (1  c.c.  iV750  KMnO4  =  00015 
gram  indigotin),  then  the  results  above  quoted  will  work  out  as 
follows : 

(a)  Af ter  1  minute   =0-091  gram  indigotin. 

(6)     ,,     15  minutes  =0-124       „         „ 

(c)     „     30       „         =0'148      „ 
Whereas   the  quantity  of  indigotin  involved    was    005   gram   in  all 
three  cases.     Accordingly,  the  degrees  of  error  involved  will  be 

(a)  =  -H82  ;  {b)  =  +  248  ;  (c)  =  +  296  per  cent., 

the  amount  of  indigotin  actually  present  (0-05  gram)  being  taken  as 
100-00  per  cent. 

The  author  maintains,  therefoi-e,  that  the  method  for  analysis  of 
indigo  by  sulphonation  and  titration  with  solution  of  potassium  per- 
manganate as  at  present  conducted  is  altogether  useless  and  mislead- 
ing, even  when  pure  indigotin  is  available  and  when  the  conditions  of 
similar  concentration  can  bo  observed.  For,  as  has  been  shown,  the 
oxidation  is  a  progressive  action,  the  end-point  is  at  no  time  definite 
and  sharp,  and,  by  altering  tlio  conditions  of  experiment,  errors 
varying  from  +182  to  -f-296  per  cent,  can  be  obtained  by  it. 

That  a  definite  pronouncement  is  needed  on  the  errors  of  the  per- 
manganate process  for  indigo  analysis  is  shown  by  the  publiciation  of 
two  papers  at  dates  subsocjuent  to  the  contribution  of  this  paper  to  the 
Society  {Proc,  1904,  20,  159).  Bergtheil,  on  "The  Fermentation  of 
the  Indigo-plant  "  (Trans.,  1904,  85,  870),  employs  the  permanganate 
process  on  which  to  ba.so  all  numerical  data  for  enzyme  action,  and 
Grossman  n,  "  An  Improved  Method  of  Indigo-testing"  (Jouni.  iSoc. 
Chem.  hid.,  1905,  24,  308),  recommends  a  slight  modification  of  the 
I>ornmnganate  pf-ocess.  It  is  the  author's  intention,  with  the  aid  of  the 
pure  indigotin  now  so  readily  obtained,  to  proceed  with  an  exainiiiation 
into  the  accuracy  of  the  other  processes  recommended  for  the  analysis 
of  indigo,  for  until  an  accurate  analytical  method  (or  methods)  shall 
liave  been  established,  further  progress  in  the  many  difficulties  attend* 
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